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General Marking Guidance

e Allcandidates mustreceive the same treatment. Examiners must mark the
first candidate in exactly the same way as they mark the last.

e Markschemesshould be applied positively. Candidates must be rewarded
forwhat they have shown they can do rather than penalised foromissions.

e Examiners should mark according to the mark scheme not according to their
perception of where the grade boundaries may lie.

e Thereisno ceiling onachievement. All marks on the mark scheme should be
used appropriately.

e Allthe marks onthe 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’sresponse is not worthy of credit according to the mark scheme.

e Where somejudgementisrequired, mark schemes will provide the principles
by which marks will be awarded and exemplification may be limited.

e Whenexaminers are in doubt regarding the application of the mark scheme
to acandidate’sresponse, the teamleader must be consulted.

e Crossedoutwork should be marked UNLESS the candidate hasreplacedit
with an alternative response.



EDEXCEL IAL MATHEMATICS
General Instructions for Marking

1. Thetotalnumber of marks forthe paperis75.

2. The EdexcelMathematics mark schemes use the following types of marks:

e Mmarks: Method marks are awarded for ‘knowing a method and
attemptingto applyit’, unless otherwise indicated.

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

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

Marks should not be subdivided.

3. Abbreviations

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

e bod -benefit of doubt

ft - follow through
o thesymbol fwill be usedforcorrect ft
e cao-correctansweronly

e Cso - correct solutiononly. There must be no errorsin this part of the
guestion to obtain this mark

e isw-ignore subsequent working

e awrt-answerswhichroundto

e SC-gspecialcase

e oOe-orequivalent(and appropriate)
e d..ordep-dependent

¢ indep -independent

e dp-decimalplaces

o sf-significant figures

e % -Theansweris printed onthe paperorag- answer given



. L ord.. - The second mark is dependent on gaining the first mark

. AllAmarks are ‘correct answer only’ (cao), unless shown, forexample, as Al ft
toindicate that previous wrong workingis to be followed through. Aftera
misread however, the subsequent A marks affected are treated as A ft, but
manifestly absurd answers should never be awarded A marks.

. Formisreading 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
thisactionby ‘MR’ in the body of the script.

. Ifacandidate makes more than one attempt at any question:

a) Ifallbutone attemptis crossed out, mark the attempt whichis NOT
crossed out.

b) If eitherall attempts are crossed out ornone are crossed out, mark all the
attempts and score the highest single attempt.

Ignore wrong working orincorrect statements following a correct answer.



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+gq), where |pq| = |c| leadingtox=..
(ax” +bx +c¢) = (mx+ p)(nx +q), where|pq| =|c| and |mn| =|a| leadingtox=..

2.Formula
Attempt touse correct formula (with values fora, b and c)
3. Completing the square

Solving x> +bx+c¢=0: (xi%)ziqic, q#0 leadingtox=..

Method marks for differentiation and integration:
1. Differentiation

Power of atleastone term decreased by 1(x" — x"")
2. Integration

Power of atleast one termincreased by 1(x" — x"*')

Use of a formula
Where a method involves using a formula that has been learnt, the advice given
inrecent examiners’ reportsis 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, evenif
there are small mistakes in the substitution of values.

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

Exact answers

Examiners’ reports have emphasised that where, forexample, an exact answeris
asked for, orworking 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 “inyour head”, detailed working would not be required. Most
candidates do show working, but there are occasional awkward cases andif the
mark scheme does not cover this, please contact yourteamleader foradvice.



Question Scheme Marks
Number
2
1(a) nax =t4x OR M=25—4x2 Ml
2
-1
na=—4 anp M77Da 24 Al
2 5
- A(n—-1)16
Sub a=—4:> #ZEZSO(VZ—D:4&12H:...
n on 5
dMl1, A1, Al
8 5
a=——,n=—
5 2
)
(b) 5.0,5 5 8,Y
"Iz "I x| "=
202 2 5) 32 MI, Al
P= 6 ~ 25
2
5 5 . 5
(¢ Allow | X | < 3 OR | X |,, — or equivalents such as 3 <x< 3 Bl1ft
(1)
(8 marks)
(a)
n(n—-1)(ax)’ 24 > o o
MI1: For nax =14x OR — = +—x which may be implied. Condone missing brackets.
Allow the method mark to be scored for
e non-simplified versions such as (Y}zx = +4x or 'C, (ax)2 == ?xz
(n-1)a’ 24
n(n—1)a
e simplified versions (with x’s cancelled) such as na =—4 or — =3

Al: Correct equations not involving x’s (and not in combination notation form)

2
-1
Scored for both na=-4 AND M = % 0.€.

dM1: Solves two equations of the correct form and proceeds to find a value for either a or n.

Expect to see the following

T . n(n-1a 2
e ‘simplified’ initial equations of the form na = +4 and — = i?

e asimplified intermediate equation in a single variable. Look, for example, for equations of the

form 80(n—1)=48n or —2(-4—a) = 2—54 that are easily solvable. Condone slips

o followed by a value for either a or n.

Al: Either a= 8 or n= 2 following two correct equations which may be in an un-simplified form

Allow equivalent fractions or decimals



Al:Both a= —% and n = % following correct equations AND following the award of all previous

marks. Allow equivalent fractions or decimals

1

5,6126

(b) The M1 can be awarded from a made up »n ¢ N and a. For example, they may say let n =

n(n—l)(n—2)

MI1: Attempts 3

3 3 . . . .
xa (x )w1th their values for a and n with or without the x~
Condone "C3 (ax)3 - provided the value produced implies correct processing

Al: —% o.e which must be seen without the x3
(c)

Bl1ft: |x|<é , | x
8

” g or equivalents such as —g <x <§ but follow through on their a. E.g. | X | < 1
a

. 1 :
If they haven’t got a value for a they can score this for | x | < —. If they have a value for a it must be used.
a

Note the demand is to show working and not rely on calculator technology

Solutions that don’t show an intermediate equation in a single variable score as follows. If unsure please
use review

Scenario I: Writes down two correct simplified initial equations and then correct values for a and », but
no simplified intermediate equation

2
-1
Egl na=-4 AND M:ﬁ:a:_§’n:§
2 5 5 2
Score 1,1,0,1,0. All marks in (b) and (c) are available
4( 4 2
B oll __4 AND n(n—l)a2_24 a _5_1 4 _24:> 8 5

Score 1,1,0,1,0. All marks in (b) and (c) are available
Scenario II: Writes down one or two correct un-simplified initial equations and then correct values for a
and n
E.g. na=-4 AND 'C, (ax)2 = %xz =a= —§, n= s

5 2

Score 1,0,0,1,0. All marks in (b) and (c) are available
Scenario III: Writes down one or two correct un-simplified initial equations and then a correct value for
just n
E.g. na=4 AND 'C, (ax)2 = %xz =a= §, n =%

Score 1,0,0,1,0. As the value of a is incorrect, then only the M mark in (b) is available
Scenario I'V: Only writes down one correct equation and then uses trial and improvement methods to

find/show correct values for a and »

g8 5 270 [ 8) 24
E.g. na=-4 and then follows with trials including a = 3’ n= 5 and shows 2—22 X [——] =—

Score 1,0,0,1,0. All marks in (b) and (c) are available



N Seheme e
3 1 _1 4 1 1 4 1
2 J X ln(zxjdx—zx ln(ExJ J.Zx x;dx Ml
1y 1 1 4
=g* ln(ExJ—Ex (+¢) dM1 Al
| 1 LT (16 16e' | (16, . 16
4 4 _ c 2_ € (16 10
{Zx ln(axj—ﬁx l —L 1 Ine TG ] (4 Inl 16] ddM1
—7¢ +1 Al
(5 marks)

Condone missing dx’s throughout
MI1: Attempts to integrate by parts the correct way around.

1 1 1
Look for j X ln[i xJ dx = ax’ ln(ixj + jbx4 x— dx o.e. such as ax’ ln(%xj * J.bx3 dxwitha>0
X
dM1: And then integrates again to a form px* lniéxj —gx" where p and ¢ are positive constants.

Al: Correct simplified or un-simplified integration. %x“ In (% x) — % x* with or without the bracket

ddM1: Attempts to substitute in both limits and subtract either way around, condoning slips. It is dependent
upon having an integral of the correct form. To score this mark

. . 1 ..
e Look for integration that leads to the form px'In [5 XJ +gx" where p and g are positive constants
e  Substitution of both limits and an attempt to subtract either way around

e (Correct calculation of both In (% X 2ezj =2 and ln(% X 2) = 0 which may be implied

Al: 7¢' +1 which must be in simplest form

Note: You may see D and I methods attempted. For the first three marks score M1, dM1 for integration to

1 "
the form px* ln£§ xj — gx* where p and ¢ are positive constants.

You may see something like this; D I
1
In (E xj .
1 x
X 4

You could also see methods involving substitution in which the marks are scored as in the main scheme.
2

2e ez e
E.g. Let uzgthen J X ln(%xjdxzj- 16x Inu du:[4u4 lnu—uq ~7¢ +1
1

b 1



Question
Number Scheme Marks
_ B1
3@ | (x+2y)(x-2y)
ey
(b) Makes one valid statement. Either (x+2y)=27,(x—2y)=1or
(x+2y)=9,(x-2y)=3 MI
Solves correctly one of the pair;
(x+2y)=27,(x-2y)=1=x=14,y=6.5
(x+2y)=9,(x—2y)=3=x=6,y=1.5 Al
States and attempts to solve both valid equations dM1
Fully correct proof by contradiction (1) including correct set up, (2) correct | A [*
solution of both equations and (3) correct conclusion*
(C))
(5 marks)
(a)
Bl: x* —4y” =(x+2y)(x-2y)
(b)

M1: Deduces either of the valid pairs of equations, (x+2y)=27,(x—2y)=1or (x+2y)=9,(x—2y)=3.
There is no requirement to justify that x+2y must be greater than x —2y and therefore find the other
equations (x+2y)=1,(x—-2y)=27 and (x+2y)=3,(x-2y)=9

If they have part (a) incorrect, e.g x* —4y” =(x+4y)(x—4y) award for (x+4y)=27,(x—-4y)=1or
(x+4y)=9,(x—4y)=3
A1l: Correctly solves one of the two valid pairs of equations. No working is required, just the correct solution.
Look for either of (x+2y)=27,(x-2y)=1= y=6.5,(x=14)
Or (x+2y) = 9,(x—2y) =3=y= 1.5,(x = 6)
Note that it is acceptable to only go as far as finding y as it is the non-integer solution
dM1: States and attempts to solve both valid pairs of equations. It is dependent upon the previous M mark
Note that it is acceptable to only go as far as finding y as that is the non-integer
You can IGNORE working from non-relevant equations like (x+2y)=1,(x-2y)=27=x=..,y=...
or (x+2y)=-3,(x—2y)=9= x=..,y=... and incorrect equations like
(x+2y) = 18,(x—2y) =l5=x=..,y=..
AT*: Full proof by contradiction. This must follow the award of M1, Al, dM1
Look for
e acorrect set up with words such as ‘assume there is’ or ‘let there be’ with ‘positive integers x and y’ or
‘positive integers’
e correct solution of both valid pair of equations
e acceptable (minimal) conclusion



Minimal proof for 4 marks
Assume that there are positive integers x and y such that x* —4y” =27

So either (x+2y)=27,(x-2y)=1=>y=6.5%
Or (x+2y)=9,(x—2y)=3=>y=15 %

Hence, we have a contradiction, so statement proven.

Other methods exist.
For example:
There exist positive integers x and y such that x> —4y* =27 = x> =27 +4)°

Then deduces that x* is odd which means that x is odd.
So x=2m+1=(2m+1) —4y* =27

= 4m’ +4m -4y’ =26
=y’ =4m’ +4m—g

Hence ) and so y cannot be an integer, so we have a contradiction,
Score M1: For correct work in deducing that x* or x is odd
Al: For stating that both x” and x are odd and x is of the form 2m +1 o.e.
dM1: For squaring 2m + 1and attempting to make y° the subject

A1: Full proof with correct set up, equations and deductions

Candidates who attempt odd and even combinations of x and y will only score marks when they reach
an equivalent stage to the above. Please send these to review if you are unsure.

Other more elaborate methods will be seen. If you feel that they deserve credit and you cannot see how to
score the response, then please send to review.



Question
Number St Marks
4 (a) Limits a=5,b=10 B1
In6
x 2 —-4)+3 -
2e+3dx: x(u—4) . du :J‘ 2u5du M1 Al
o, € +4 u (u—4) u(u—4)
3)
A B
Sets their as —+
(®) u(u—4) u u-—4 Bl
5 3
"2u—5"=A(u— 4)+Bu:>A—Z BZZ M1, Al
6 ~ 10 5 10
j 2e°+3 +3 I / / [ lnu+31 (u— 4)} Ml
0 4 4 s
ln10+§ln6 (§1n5+§1nlj
4 4 4 4
=§l E+§l 6—21 2+§ln2+zln3 dM1
4 5 4 4 4 4
:2ln2+%1n3 Al
(6)
(9 marks)
(a)

B1: States either a =5, b =10o0r correctly embeds the values as limits in the correct place within the

integral. May be awarded from the limits seen or used in part (b)

. 287 +3 .
MI: Attempts to write © dx in terms of u.

e +4
Look for both of
d dx 1
. Acorrect%ord—uintermsofu. E.g.u:ex+4:>au=ex=u—4 or X = ln(u 4):>E:u—4

2¢ +3 dx going to utd
e" +4 u(u—4)

(du)

Al: Shows that j 26; +43 dx = j 2(” — Z) du with the dx’s and du’s appropriately placed throughout the
e’ + u(u—

solution. This mark does not depend on correct limits but the integral sign and du must present on the
final line



(b)

B1: Scored for realising that this integral needs to be attempted via PF. So sets their =5 _A4 + 5
u(u—4) u u-—4
This may be implied by writing their expression in a form with numerical values for 4 and B
M1: Valid attempt to find the values for 4 and B.
Score for a correct identity followed by methods of substitution or equating terms to find values for 4
and B. For example, sets 'cu +d = A(u —4) + Bu followed by u=4=B=..and u=0=> 4 =...

This can be implied by a correct value for 4 or B

Al: Correct values for 4 and B. This is not a follow through mark

Note that other methods of splitting the fraction are possible but the scheme can be applied.

pyp =5 2 s 2_{5 5}

u(u—4) (u—4) u(u—4) (u—4)

4u 4(u —4)

A .
M1: Integrates the form — + 2 to ...Inu +...In(u —4). Don’t be concerned by the coefficients
u u-—

. 5 5
Note that ...In pu +...Ing(u —4) is also correct so you may see " — ~Indu
u

Condone missing brackets only if subsequent work involving limits implies this intention

dM1: Dependent upon the previous M. Scored for;

o Substituting 5 and 10 into o.lnu + BIn(u —4) and subtracting either way around

e correctly applying at least one log law

Al: CAO 21n2+%1n3




5() |(L10) B1, Bl
2
dy dr  4(2t+1)-2(41-5)
= —41-4, ==
(b) s a7 (2e+1) B1, M1
d
& V4 (4-4)  20-D(2r+1)
dx—d)/ =12 = > dM1 Al
e /(2¢+1)
“@
) ) . dy
(c) Substitutes ¢ =3 into their Fo (28)
y—10=28(x-1)= y=28x-18 M1, Al
2
@@ | 35, x<<2 M1 Al
i) | f(x)..2 Bl
©))
(11 marks)

(a)
B1: One correct coordinate. E.g. (1,...) or (...,10). Allow as x=1or y =10

Bl: (1,10). Allowas x=1, y=10

(b)
B1: ccll_y =4t -4 . You may see this written as y' =4t —4or y = 2x 2t —4 which is fine.
t
. . . . 4t -5
M1: Attempts to use the quotient rule (or equivalent) to differentiate x = R
t+
2t+1)—q(4t-5
Look for the form d = p( ) q(2 )With p,q>0
dr (2t +1)
You may see x = 43 =2- ’ = dx = 14 > with M1 scored for the form
2t +1 2t+1 dr (2t+1)
dx c

X=a+——=>—=
2t+1  dt (2¢+1)2

Or the product rule x = (4 —5)(2z + 1)_1 = % =4(2t+ 1)_1 —2(4r-5)(2t+ 1)_2 but condone

sign and coefficient slips. Look for the form a(27 + 1)_1 +B(4r—5)(2¢+ 1)_2



Vi

d
dM1: Attempts to apply the rule Y =Gl Dependent upon the previous M and & being linear
! df

Al: A correct simplified expression for % ISW after a correct answer

2(t-1)(2t+1)°  (2t-2)(2t+1)° 2(4F =3t-1) op 87 =612
7 ’ 7 ’ 7 7

Allow

e dx .
Note that if division was used to find d_ , all calculations must have been correct.
t

(©)

M1: Uses the value of their gradient at # = 3 and their point from (a) to form the equation of the tangent.
2(t-1 ’
(t-1)(2t+1) ot f—
7
If the form y = mx + ¢ is used the method must proceed as far as ¢ =...

Al: CSO y=28x-18
(d) (1)

M1: Achieves the correct value for the upper or lower bound. Condone x > -5 or x,, <2 or, with

3

Look for y —'10"' = m(x —'1") with m being the value of their

incorrect variables e.g. y > —5. Solutions such as x <-5 OR x =2 will be M0

Al: =5,, x << or equivalent form such as [—5, Q) . The notation must be correct
(d)(ii)

Bl: f(x)..2butallow f...2, y...20r [2, ). Do not allow with x



—3+24
6 (a) | Position vector of a general pointon/i = | 0+14
5-32
-3+24 2 ;
0+1A4 |of 1 =0:>—6+4/1+/1—15+9/1=0:>/1=§ M1, Al
5-31) \3
3 -3+21
Substitute 4 = Einto 0+11 |=>P= (O,%,%) dM1, Al
5-34
(C))
-3 2
(b) Lines intersect when | O [+A| 1 [=|0|+u| a
5 -3
Solves —3+2A =4y and 5— 3/1——2,uz>/1—% U= M1, Al
1 7
Uses ,ua=l:>§a=2:>a=14 dM1, Al
(C))
‘ 17 1
(c) For Example: Attempts x| a |o.e. withtheiraand t = Q= (E’ vk —Z) M1, Al
-2
2
(10 marks)
6 (a)
2 2
ALT | OP =(-3+22) +(2) +(5-34) =142" —424+34
way
2
. y d(OP ) 3 | ML AL
Find the value of A at the minimum, e.g. - 280-42=0=> A= > ’
3 -3+24
Substitute A = Einto 0+11 |=>P= (0,%,%} dM1, Al
5-34

(4)




(a)
MI1: Sets up an equation and solves to find A.
-3+24 2

For example, attempts | O+11 |o| 1 |=0=>—-6+41+1-15+9A=0=>1=...
5-31) \-3
Alternatively attempts to find the distance OP’ and finds the value of 4 at the minimum. For example,
d (OP2 )
di
OP  =142" —424+34=14(1-15) —14x1.5" +34but other methods may exist.

=281-42=0= A =... or completing the square

via differentiation

Condone slips, e.g. signs, but the overall method must be sound
Al: Achieves A = % following M1. Achieving this by setting the x coordinate = 0 scores 0 marks

dM1: Uses their value of 4 (found using a correct method) to find the coordinates or position vector of P.
If the calculation is not written out it is implied by two correct coordinates for their A4
ATl: Correct coordinates or position vector of P.

Withold this mark if the only answer given is written with incorrect notation, e.g [Ol, D Js Ekj

(b)

M1: Set up and solve equations using the x and z components. Condone slips, e.g signs and coefficients as
long as the intention is clear. Scored for -3+24A=4x and 5-31="2u=>A=..., u=.... The
method of solving the simultaneous equations is not important, just look for two equations leading to
values for both 4 and u

7 1
Al: A=—,u=—- o.e
4473
dM1: Dependent upon previous M. Scored for a correct method of using the y components to find the value
for a.

Look for 'A'="u'xa = a =—
u

Al: a=14. Condone an equivalent value such as %

(©)

M1: Uses the equation of either line to find the coordinates or position vector of Q.
It is dependent upon the first M mark in part (b)

4 -3+24
Look for an attempt at x| a | with theiraand ¢ OR | 0+14 | with their 4
-2 5-34

If the calculation is not explicitly seen it can be implied by two correct coordinates for their values

Al: 0= l, Z, 1 or correct position vector.
24 4

1 1
Withold this mark if the only answer given is written with incorrect notation, e.g [Ei, % J— ij but

only penalise this the first time it occurs....so not in both (a) and (c).



2
7(a) x* tan — +2x(”j =11= x> =(9) Ml
V4 4
x=13 Al
(2)
(b) Attempt at chain rule y2 ..y % Ml
Attempt at product rule x’ tan y— x” sec’ y% +..xtan y Ml
Correct differentiation  2xtan y + x2 sec? y— dy 642); ji Al
dy . 16dy dy 37z dM1, Al
Substitutes x = 3y—Z:> 18dx +6+ g =0= & 3194
5
(c) Calculates the gradient of the tangent at Q is " 2 ig” "o.e. Ml
R4 8+97x Al
(grad of tan to C at P)x(grad of norm to C at Q) =— X — =1
8+97 kY4
2)
(9 marks)
(a)

: . .
M1: Substitutes y = 7 in equation of curve and proceeds to x° =

This may be implied by x* +..=..=> x=...
Al: x =13 following the award of M1
(b)
) 2 dy
MI1: Attempts at chain rule D Vir

d
M1: Attempt at product rule x’tany — x”sec’ y ay +..xtany

Al: Correct differentiation x?sec? y .+ 2x tan y+ 227 iyc 0
You may see different forms such as 7°x? sec? yﬂ + 277 xtan y + 64 y% =
x? sec? 642y dy=0
V4
dy dy 64y dy

Do not allow — = x?sec? y—+2xtany +
dx dx

using tan 2~ =1
.o 4 -

0 or

>——— unless subsequent work is correct
dx




M1: Substitutes x="3", y = % into a differentiated function and finds a value for % .

d . -
There must be exactly two ay terms, one from differentiating each of y* and x” tan y

dy 3z . —67 6
Al: o 820, exact equivalent such as

or
l6+187 o 16
T

(¢) Via calculation

. . . . : d
M1: Substitutes x ="-3",y = % into a differentiated function and finds a value for —= at 0.

dx
It is a method that must be seen, via embedded values of x ="-3",y = %or else implied by a correct
) V2 . ) . dy
value for their x="-3",y = 7 following the calculation of their ™ at P.

dx . T
You may see at attempt at ——— at Q using x ="-3",y=—

dy 4
: : d d dx
Al: Achieves the value 1 following correct and exact values for ay at P and ay or —@ at 0
Alt (c) Via reasoning/deduction. To score via this method
dy dy Axtan y

e their — must be of the correct form e.g. — =
dx 8 dx Bx?sec? y+Cy

e and at P and Q, the y values are the same and the x values *k
M1: Subject to the above conditions, deduces that
‘Gradient of tangent at P is m, gradient of tangent at Q is —m’

A1l: Hence gradient of tangent at P x gradient of normal at Q is m x _ =1 o.e, following M1
—m

: L dy. .
This can only be scored if ay is correct. If unsure send to review



Number Seheme e
8(a dr
® States/ uses V:)m3 :>—:,ur2 OR d—V:—C Ml
dr dr
dv dv _dr 2 dr
@Y o= Al dM1
Attempts to use — i X ” = ur X &
i - < - _i Al*
dr 47[}’2 r
3
(b) —=——:>-“ dr = j —k dt
g r =—kt+c M1 Al
Uses t=0, =30 9000 =c M1
1
Substitutes 7 =12,7=24 =x12 =—kx24+9000= k = (351) ddM1
r=23/27000—1053¢ Al
)
(c) 27000-10537 =0=>T =... M1
awrt 25.6 Al
(2)
(10 marks)
(a)
: dV 2.
M1: States or uses either FP ur with any constant value for g or any constant e.g. u (allow any letter)
or = —C (Allow with k) but must be a negative and not given a value such as 1
3 14 2
If the formula for V is used (attempted) condone slips but it must obey V' =Ar = — P = ur
dv dv dr drv dv 2
MI1: Att ts t —=—X .. with =—C A - =
d empts to use —-=-—o-xo 0.6 with —- ND o ur
dr
-C=
= ,ur X5
See the first M1 for conditions on i andd—V
dt dr
Al*: Proceeds to dr = —ﬁ via a correct method. Look for —C = 477 x ar = ar __¢ > = —iz
d r de. - dr Axr r
Condone a proof such as —C = ,ur2 X dr = — dr__ € = _k
de ~ dr ﬂ/ _

If candidates had originally used k they must explain why — > can be replaced by —%
B

drzr
2

4 V
If the formula for V is used it must be correct V = §7Z'7”3 = ((1i_r =4rr



(b)
Case 1: If candidates use any value for £ e.g 0.75 (apart from the correct one) they can only score the
first two marks in (b). Candidates using k£ = 351 can score all marks.

t 4rr?

This should not affect the solution, so condone with any multiple of a constant for all marks

Case 2: Some candidates have an extra 47 and start (b) with % =— k = j Arridr = '[—k dr

M1: Separates the variables (condoning lack of integral sign) and integrates to a form = ...t(+c)

Condone the lack of the constant of integration.

Al: Achieves %r3 =—kt + ¢ or equivalent including the + ¢

Note that »* = —3kz + c is also correct
M1: Substitutes =0 and r =30 in their » = 3kt + ¢ to find a non zero value for c.
This may be awarded following any attempt to integrate.
So t=0, r=30in their = f(r)=g()+c=>c=....
ddM1: Substitutes » =12 and ¢ = 24 with their non zero value of ¢ to find a non zero value for .

It is dependent upon BOTH previous M marks. Condone transcription errors on the value of ¢
Al: r=13/27000-1053¢

You may see & and ¢ found in a different order.
12

24
Forexample,J. rzdrz-‘- —kdt:%(l?—303):—k(24—0):>k:351
0

30

In cases like this the 2™ M mark would be awarded for the calculation of &

Hence equation would be %r3 = 35lt+c=>r =—1053t+c

(c)
M1: Sets » =0 and finds a value for T.

The equation must be of the form 7 =X/ 4 — Bt o.e. with A, B > 0 and n a positive integer
Al: Awrt 25.6 .

Alt (c) Using the fact that the volume decreases at a constant rate

M1: Finds the rate of decrease in volume 360007 — 2304x = ( 14047t) and uses this to find the time

24

360007
1404n

Al: Awrt 25.6



9
@) k== B1
2
zdx . 2 )
Attempts y E:(Sstz‘) 6cost =150sin” 2¢ cost M1
=600sin’zcos’ ¢ dM1
V=6OO7zI sin’fcos’ ¢ dt Al
0
)
(b) j sinztcos3tdt=j sinzt(l—sinzt)costdt
=J sin’zcost—sin® tcost df M1
L1
=—SIn t——sin ¢ dM1
3 5
1., 1.57 1 1 ddM1, Al
V=600xz|—-sin"t——sin’¢t| =600xr| ——— |=80x )
3 st 3 s
)
(8 marks)

(a)

Vs
B1: States or usesk = —

. This may be scored from work in part (b) if not seen in (a)

2
zdx . 2 )
M1: Attempts y E:(5s1n2t) ...cOst =...sin’ 2¢ cost

Condone missing brackets
dM1: Attempts to use sin2¢ = 2sin¢cos¢ in an expression of the form ...sin”> 2¢cos¢ and reaches

y* — =...sin’ tcos’ ¢t . Condone sin” 2¢ — 2sin’ tcos” ¢ here

dr
Al: V =6007 J- sin” #cos’ ¢ d¢ but allow this to be awarded with any & or in fact a constant &
0
The d¢ must be present on the final line



(b)
M1: Writes sin” #cos’ ¢ in the form +sin” #cos¢ +sin® zcost
dM1: And integrates to the form =*...sin’ f+...sin> ¢

ddM1: And uses the limits 0 and %in an expression of the form [iB sin’ ¢ + 8sin’ t}
Al: 80z

. . L . du
Alternative method via substitution. Let ¥ =sint = d_ = Ccost
{

MI1: Uses uzsint:i—?zicost:j sinthOSStdt:j- uz(iliuz)du

dM1: j uz(iliuz)duzj +u’ +ut du = +ou’ +pu’

ddM1: And uses limits 0 and 1 in an expression of the form [i)@f +6u’ ]

Al: 80r

. . . . dx
Alternative method via x = 6sin¢ using o = 6¢cos? can be marked as above
t

6 6
2

L3600 36)  36x36 ~ 36x36

% 2
V:6007z'[ sinztcos3tdt:1007zj x—[l—x—jdx IOO”I (36x° —x*) dx = 1007 [mﬁ-%f}
0 0

Ml1: aJ‘ X (iliﬁj dx
B

dM1: Integrates to a form [ixx3 + 8x5]

ddM1: Uses limits 0 and 6 in an expression of the form [J_rxx3 +6x° ]

Al: 807

6

0

=807
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