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General Marking Guidance

o 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.

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

o 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 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.

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

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

General Instructions for Marking

1.

2.

3.

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.

bod - benefit of doubt

ft — follow through

the symbol \f will be used for correct ft

cao - correct answer only

cso - correct solution only. There must be no errors in this part of the question to

obtain this mark

isw — ignhore subsequent working

awrt - answers which round to

SC: special case

oe - or equivalent (and appropriate)

dep - dependent

indep - independent

dp decimal places

sf significant figures

% The answer is printed on the paper

E The second mark is dependent on gaining the first mark
dM1 denotes a method mark which is dependent upon the award of the previous
method 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.
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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 If either 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.
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General Principles for Core 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), 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

2
Solving x* +bx+c=0: (xi%) +gq+c=0, g#0, leading to x = ...

Method marks for differentiation and integration:

1. Differentiation

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

2. Integration

Power of at least one term increased by 1. (x" — x")
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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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June 2015
6666/01 Core Mathematics 4
Mark Scheme

Question Scheme Marks
Number
1
1 1 2 1
1@ | (4+5%2=(4) (1+574Xj =_(1+574X)2 (4)?or2|Bl
__________________________________ e
={2}[ [;](kxﬁ( )C )(kx) +.. } see notes | M1 Alft
""""""""""""""" RV I
(o o F(5 25
2)\ 4 2! 4
5 25
=2 1+3x—- —x*+ See notes below!
_____________ 8 A ]
= 2+§x;— §x2+ isw | Al; Al
A O e
[5]
1 ! 9_3 342
(b) =— = (4+50.1)2=+4 5=\/i=—=——
10 2 2 242
-%«/5 802 or k=2 or 150e. | BL
e (1]
2
3 501 25( 1
—+2 or 1.5V2 or —=2+— — +..1=2121... See notes | M1
© V2 2 4[10] 64(1OJ { } oves
o 3o 3 _543
2 256 2 256
""""""""" 81 - _ 26 181 362 543 256 | .. |
ields, =— or v2=—— — or — — — etc. | Al oe
Vs 2y Ve % e Mt M
[2]
8
Question 1 Notes
1
1.(a) B1 | (4)2 or 2 outside brackets or 2 as candidate’s constant term in their binomial expansion.
R S
M1 Expands ( + kx)2 to give any 2 terms out of 3 terms simplified or un-simplified,
1)(. 1 1y(. 1
Eg: 1+[ ](kx) or (%](kx)+(2);—|2)(kx)z or 1+ ...+%(kx)z
where k is a numerical value and where £ 1.
1
Al | A correct simplified or un-simplified 1+( ](kx)+( )t )(kx) expansion with consistent (kx).
Note | (kx), k* 1, must be consistent (on the RHS, not necessarlly on the LHS) in a candidate’s expansion.
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1 ()G B[ 5x) . .
1. (a) ctd. | Note | Award BIM1AOQ for 2| 1+ > (5x)+T " +... | because (kx) is not consistent.

1)(. 1 2
Note | Incorrect bracketing: 2{ 1 +[%] [5_x] +M(%} +... } is BLM1AO unless recovered.

4 21

Al | 2+ %x (simplified fractions) orallow 2+1.25x or 2+ 1%x

Al | Acceptonly —gxz or —0.390625x>

SC: 2[1+ §x;...} or SC: 2| 1+ ..- §x2+___ or SC:/ 1+§x- §x2+___
8 128 8 128
5/ 25/ , . .
or SC:| / + ?x - @x +... | (where A can be 1 or omitted), where each term in the [ ..... }
is a simplified fraction or a decimal,
OR SC: for 2 + %x - %x2+... (i.e. for not simplifying their correct coefficients.)
I N N 2NN e
Note | Candidates who write 2 1+(£][ 5_xj+(2)( 2)(- 5—x] +... |, where k=- E and not E
2 4 2! 4 4 4
. 5 25 , .
and achieve 2 - Zx - ax + ... will get BIM1A1A0Al
Note | Ignore extra terms beyond the term in x°.
Note | You can ignore subsequent working following a correct answer.
(b) B1 gx/E or 1.5\/5 or k zg or 1.50.e. (Ignore how k& :g is found.)
(©) M1 | Substitutes x = % or 0.1 into their binomial expansion found in part (a) which must contain both

i . 3 .
an x term and an x* term (or even an x° term) and equates this to eltherT or their k\/E from (b),
2

where k is a numerical value.

3

Note | M1 can be implied by g\/E or 1.5v2 or =awrt 2.121

&

Note | M1 can be implied by %(their %} with their k found in part (b).

Note | M1 cannot be implied by (k)[their %} , with their k found in part (b).

Al 181 or any equivalent fraction, eg: 362 or % Also allow % or any equivalent fraction.

128 256 384
Note | Also allow Al for p=181,¢4=128 or p=181/, ¢ =128/

or p=256,¢g=18lor p=256/,4=181/,where /T »*
Note | You can recover work for part (c) in part (b). You cannot recover part (b) work in part (c).

Note | Candidates are allowed to restart and gain all 2 marks in part (c) from an incorrect part (b).
Note | Award M1 Al for the correct answer from no working.

10
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1.(a) | Alternative methods for part (a)

Alternative method 1: Candidates can apply an alternative form of the binomial expansion.

2 3 G )( 2)

(4+5x)2 ¢ = (4) +( )(4) 25)+ 02 4y 2 gy
S
Bl | (4)z 0r2

M1 | Any two of three (un-simplified) terms correct.
Al | All three (un-simplified) terms correct.

Al | 2+ %x (simplified fractions) orallow 2 +1.25x or 2+ 1%x

Al | Acceptonly —gxz or —0.390625x>

Note | The terms in C need to be evaluated.
1 1 1 1 1 3

So 2C,(4)2 +2C,(4) 2(5x);+ 2C,(4) 2(5x)*without further working is BOMOAO.

1
Alternative Method 2: Maclaurin Expansion f(x) = (4 + 5x)?

3
f@x)=- %(4 +5x) 2 Correct f@®x) | B1
_____________________________________________________________________________________________________ T R
+a(4+5x) 2; al #1 M1
f€x)=—(4+5)25%) T R I

11
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Question Scheme Marks
Number
2. X2 —3xy —4y* +64=0
Hy ( ) o ody M1A1
a =y 2x-|3y+3x—|-8y—=0
(@) {}513( £ Y xde ydx - M1
dy
2x—3y+(—3x—8y)d—:0 dM1
X
-3 - o.e. | Al cso
___________________ O 3t 8y 3 By ]
(b) {d—y:O:}Zx-C%y:O M1
dx
_2y x=3y Alft
_______________________________________________________________________________________ 2
2 2
X2 —3x(zxj —4(ng +64=0 Gyj —3(gyjy—4y2+ 64=0 dm1
-~y 64=0 :>—§x2+64:0 gy2 —gy2 —4y*+64=0 = —§y2+ 64=0
________________ S S A A ]
2_ 976 _2A & jzzﬁ _Eor-E Al cso
25 5 5 25 5 5
When x=iﬁ, y=g[g) and - E[ﬁj When yziE, x=§[E] and - E[Ej
5 3\ 5 3\5 5 2\ 5 2\ 5
[24 16] ( 24 16) 24 6 2 16 ddM1
—, = dj-—,-=|or x=—, y="—and x=- —, y=-" ccccoeoroofoeoos
5 5 5 5 cso | Al
[6]
11
_Alternative method forpart(a)
( ) M1A1
() %: 2xd—x- 3y%+3x -8y=0 o
H dy dy — - M1
(2x - 3y)j—x -3x-8y=0 dm1
-3 - o.e.| Al cso
___________________ O 3t 8y 3 By ]
[5]
Question 2 Notes
2. (a - -
Gen(el?al Note | Writing down dy_Zx- 3 or - 2 from no working is full marks
______________________________ e B+ 8y A By ]
Note | Writing down & = 2x - 3y or 3y- 2x from no working is M1AOB1M1A0
_____________________________________ - 8y By ]
Note | Few candidates will write 2xdx - 3ydx - 3xdy - 8ydy =0 leading to & _ 2x- 3y’ 0.e.
dx 3x+8y
This should get full marks.

12
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2.(a) M1 | Differentiates implicitly to include either i3x:—y or —4y*— iky%. (Ignore [3—)/ =j).
X X X

Al |Both x> >2x and ..- 4)? +64=0—> - 8yj—y=0
__ux

Note | If an extra term appears then award AO.

M1 -3xy—>-3xd—y- 3y or -3xd—y+3y or Sxd—y- 3y or 3xd—y+3y
dx dx d dx

X

dy dy dy dy
Note | 2x-3y-3 8y —52x-3y=3x-2 +8
x-3y- xdx yd —>2x-3y= xd)C ydx

will get 1° A1 (implied) as the "=0" can be implied by the rearrangement of their equation.

dM1 | dependent on the FIRST method mark being awarded.

An attempt to factorise out all the terms ingl—y as long as there are at least two terms in 3_y .
X X
. dy dy L .
ie. ..+ (-3x-— 8y)d— =.. or ..=(3x+ 8y)d— . (Allow combining in 1 variable).
X X
Al 2X =3y o 3¥z2X equivalent.
3x+ 8y -3x -8y
Note | cso If the candidate’s solution is not completely correct, then do not give this mark.
__Note_| You cannot recover work for part (a) inpart (o).
2. (b) M1 | Sets their numerator of their & equal to zero (or the denominator of their dx equal to zero) o.e.
dx dy
st d 113 dy dy E2)
Note | 1 M1 can also be gained by setting d— equal to zero in their “2x - 3y - 3xd - 8y d =0
X X X

Note | If their numerator involves one variable only then only the 1% M1 mark is possible in part (b).
Note | If their numerator is a constant then no marks are available in part (b)

Note | If their numerator is in the form +ax® +by =0 or +ax + by’ =0 then the first 3 marks are
possible in part (b).

Note b _2x-3 =0 is not sufficient for M1.
____________ Qe x4 8y
Alft | Either

e Sets 2x - 3y to zero and obtains either y = %x or x= gy
o the follow through result of making either y or x the subject from setting their numerator

of their & equal to zero
dx

dM1 | dependent on the first method mark being awarded.

Substitutes either theiry = %x or their x = gy into the original equation to give an equation in

one variable only.

Al | Obtains either x _2—; or —2—; or y :% or —%, (or equivalent) by correct solution only.

4
i.e. You can allow for example x = —8 or 4.8, etc.

Note ,/ (not simplified) or y = ‘f (not simplified) is not sufficient for Al.

13
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2. (b)
ctd

ddM1

Note

Note

Note

Note

dependent on both previous method marks being awarded in this part.
Method 1
Either:

e substitutes their x into their y = %x or substitutes their y into their x = gy , or

e substitutes the other of theiry = %x or their x = gy into the original equation,

and achieves either:

e exactly two sets of two coordinates or

e exactly two distinct values for x and exactly two distinct values for y.
Method 2
Either:

e substitutes their first x-value, x, into X* —3xy —4y® + 64 =0 to obtain one y-value, y, and
substitutes their second x-value, x, into x? —3xy —4y* + 64 =0 to obtain 1 y-value y, or
e substitutes their first y-value, y, into X* —3xy —4y® +64 =0 to obtain one x-value x, and

substitutes their second y-value, y, into x* —3xy —4y* + 64 =0 to obtain one x-value X, .
Three or more sets of coordinates given (without identification of two sets of coordinates) is ddMO.

Also allow x = 2—54 Y =% and x =- 2—54 , Yy =- % all seen in their working to part (b).

A||0Wx=iz—54, y=i%for3’dA1.
vz 2218 followed by eg. [ﬁ,ﬁj and [ E,-ﬁj
5 5 5'5 5' 5

(eg. coordinates stated the wrong way round) is 3" AO0.
It is possible for a candidate who does not achieve full marks in part (a), (but has a correct numerator

for j—i) to gain all 6 marks in part (b).

Decimal equivalents to fractions are fine in part (b). i.e. (4.8 : 3.2) and ( 4.8 ,- 3.2).

[2—54 , ?) and [ 2—54 - %j from no working is MOAOMOAOMOAO.

Candidates could potentially lose the final 2 marks for setting both their numerator and denominator

to zero.
No credit in this part can be gained by only setting the denominator to zero.

14
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Question

Number Scheme Marks
3. y=4x-xe’, x>0
@) {y=0|3 4x- xe" =0P x(4- €)=0 p}
Attempts to solve e?* = 4 giving x = ..
1y i M1
ee =4 P x,6=4In2 interms of £AInx where 1 >0
__________________________________________________________________________________ 4In2 cao (Ignore x=0) | AL |
RN S [2] |
1
1 1 axe? - bézx{dx},a >0,b>0 | M1
(b) {(‘)cezxdx] = 2xe? - c‘ye2 {dx} e )
2xe? - (8 e?{d } with or withoutdx | A1
X d XS X (M1 on ePEN)
N e
= 2xe? - 4e? {+ c} 2xe? —4e?" o.e. with or without +¢ | AL
RN [3] |
by 4x°
c xdx} = 2x° 4x — 2x* or — o.e. | Bl
O ool wewefelm
an2 ( 1 1 4In2 or In16 or their limits
{J. (4x - xe%x) dx} = I:sz - kaezx - 4@3}
0 0
""""""""""""""" Yoy ) (. e i) | ]
_ L2(4”]2)2 ) 2(4|n2)e2( 2+ 402" Z)J - LZ(O)Z - 2(O)e2(0) + 4e2(0)J See notes | M1
= (320027 —-32n2)+16)-(4) |
=32(In2)* —32(In2) + 12 32(In2)? - 32(In2)+12, see notes | Al
3]
8
Question 3 Notes
3. (3 M1 | Attempts to solve 2" = 4 giving x =... in terms of +AIn z where >0
Al 4In?2 cao stated in part (a) only (Ignore x=0)
(b) NOTE | Part (b) appears as M1IM1Al on ePEN, but is now marked as M1A1AL.
1 1
M1 | Integration by parts is applied in the form axe? - bc‘y? {dx} , Where 2 >0, b>0.
(must be in this form) with or without dx
1 1
Al 2xe? - 6e5x{m} or equivalent, with or without dx. Can be un-simplified.
1 1
Al 2xe? - 4e? or equivalent with or without + ¢. Can be un-simplified.
1 L
Note | vou can also allow 2e? (x- 2) or e? (2x- 4) for the final AL.
isw | You can ignore subsequent working following on from a correct solution.
1
SC | SPECIAL CASE: A candidate who uses u = x, S—V =2, writes down the correct “by parts”
X
formula, but makes only one error when applying it can be awarded Special Case M1.
(Applying their v counts for one consistent error.)

15
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2

3. () Bl | 4x— 2x%or 4% 0e

" M1 | Complete method of applying limits of their x, and O to all terms of an expression of the form |
1 1

+4x> + Bxe? + Ce? (where 41 0,B1 0 and C1 0) and subtracting the correct way round.
Note | Evidence of a proper consideration of the limit of O is needed for M1.

So subtracting 0 is MO.

Note | In16 or 2In4 or equivalent is fine as an upper limit.

Al | Acorrect three term exact quadratic expression in In2.
For example allow for Al

e 32(In2)° - 32(In2)+12
e 8(2In2)’ - 8(4In2)+12
o 2(4In2)- 32(In2)+12

1
) Z(4In2)
e 2(4In2)" - 2(4In2)e? +12
Note ) Lain2) Lo
Note that the constant term of 12 needs to be combined from 4e?2 - 4e2 7 o.e.
Note | Alsoallow 32In2(In2- 1)+12 or 32In Z[Inz -1+ %} for Al.
n

Note | Do not apply “ignore subsequent working” for incorrect simplification.

Eg: 32(In2)% - 32(In2)+12 — 64(In2)- 32(In2)+12 or 32(In4)- 32(In2)+12
Note | Bracketing error: 32In2” - 32(In2)+ 12, unless recovered is final AQ.

Note | Notation: Allow 32(In’2) - 32(In2) + 12 for the final AL.

Note | 5.19378... without seeing 32(In2)* - 32(In2)+12 is AQ.

(L 1)
Note | 5.19378... following from a correct 2x? - L2xe2 - 4e? ) is M1AO.

Note | 5.19378... from no working is MOAO.

16



WWW.Igexams.com

Question Scheme Marks
Number
5 0 8 3
4. lir={-3|+A4] 1|, L:r=| 5|+ 4| 4| Letd=acuteanglebetween |, and I,.
p -3 -2 -5
Note: You can mark parts (a) and (b) together. .
(@) b=l =i}5=8+3u=pu=-1 Finds s7and substitutes their ginto I, | M1
8 3 5| T 5\ T
So, {OA}= So-f 4 =11 5i+j+3k or [1] or (5,1,3) | Al
-2 -5 3 3
(2D
. B B B Equates j components, substitutes
(b) Ut =8+ A=5+4u =) 3+1=5+4(D)=>21=4 their 4 and solves to give 1 = ... M1
k: p-3/=-2-5mb Equates k components, substitutes their A4 and their
I _ 4 and solves to give p=... or
p-34)=-2-5-HP p=15 equates k components to give | M1
their " p- 3/ =the k value of A found in part (a)”,
or k: p-3/=3b . : .
substitutes their / and solves to give p =...
p-34)=3b p=15 e 0=15 (A1 T
_________________________________________________________________________________________________________________________ [3].
3 0 3 Realisation that the dot product is
() d,=| 1|, d,=| 4| =| 1lle| 4 required between | M1
-3 -5 -3 | =5 +Ad, and £Bd,.
"""""""" (03+14+35\Anattempttoapplythedot
cosq:iKL - (2) ()(2) (2)( )2 2J product formula between + Ad, Sm%
O+ +(- 3 (3 +(4) +(- 5 and £5a. | PV
cos g = 19 P ¢=31.8203116...=31.82 (2dp) thing that dsto 31.82 | Al
= =31 .= 3L anything that rounds to 31.
____________ oso T T T
_________________________________________________________________________________________________________________________ [3].
11 11 5 6 3 6
(d) OB=| 9 |; 4B=| 9 |-| 1 |= 8 |or AB=2| 4 |= 8
See M1
_7 -7 3 -10 -5 -10 notes
|48 = & + 8 + (-10) {: 10«/5}
'''''''''''''''''''''''''''''''''''' Writes down a correct trigonometric equation involving |
fzsmg the shortest distance, d. Eg: —sing, oe. | IM1
10v2 "7 their AB T
{d =10+/2sin31.82... b }d= 7.456540753... = 7.46 (3sf) anything that rounds to 7.46 | Al
11

17
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4. (b)

4. (d)

Alternative method for part (b)

Eliminates / to write down an

i: -9+ =15+
3xj: -9+3/ =15+12m p-9=13+7n writ M1
k: p-3/=-2+5m equation in p and /7
Substitutes their x and solves to give M1
p-9=13+7(-1) b p=15 p=..
p=15 | Al
Alternative Methods for part (d) Let X be the foot of the perpendicular from B onto /,
0 5 0 5
d=| 1|, OX=| -3 |+4] 1 [=] -3+4
-3 15 -3 15-31
5 11 -6
BX=| -3+ [-| 9 |=| -12+2
15-34 =7 22 =37
Method 1
_6 0 (Allow a sign slip in
— copying d
BXed =0 = | -12+A1 | 1 |=-12+A-66+94=0 e Pying d,)
27 —3) _3 Applies BX ed, =0 and
solves the resulting | M1
leading to 104 — 78 =0 = A = 2 equation to find
5 a value for 4.
Substitutes their value of
-6 -6 . . ==
A into their BX.
BX = —-12 +£ = —2 . .| dM1
5 5 Note: This mark is
39 7 dependent upon the
23 = 3 previous M1 mark .
(LAY (LY rt 7.46
d=BX = (—6) + 5 +| - 5 = 7.456540753... awrt /. Al
Method 2
—2 —2
Let B=|BX| = 36+ 144 - 242+ 2° + 484~ 1324 + 92 Finds j = ‘BX| in terms of 1,
= 10A% — 1561 + 664 finds 92 and sets this result | M1
dg 39 di
So LA 16=0=4=— equal to 0 and finds a value for
A.
—2
2 Substitutes their value of 4 into their ‘BX .
— 39 39 278
BA| = 10(?) 456[?) 664 =— Note: This mark is dependent upon the M1
__________________________________________________________________________________________ previousMimark. |
d=BX = /% = 7.456540753... awrt 7.46 | A1

18
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Question 4 Notes

4. (a)

(b)

(©)

(d)

M1 | Finds s and substitutes their winto I,

5

Al Point of intersection of 5i +j+ 3k . Allow [ 1| or (5,1,3).
3

Note | You cannot recover the answer for part (a) in part (c) or part (d).

M1 Equates kcomponents substitutes their A4 and their x and solves togive p=..
or equates k components to give their " p - 3/ =the k value of A” found in part (b)

NOTE | Part (c) appears as M1A1AL on ePEN, but now is marked as M1M1AL.
M1 Realisation that the dot product is required between +A4d and +Bd, .

Note | Allow one slip in candidates copying down their direction vectors, d, and d,.

dM1 | dependenton the FIRST method mark being awarded.
An attempt to apply the dot product formula between + Ad,and +5d, .

Note | g=0.5553...° is AO.
( 0-16-60 ) _  ~-16

U(O)2+<4>2 +(-12)? (-3 +(- 4Y’ +(5)2J 160450

Note | M1Alfor cosqg =

Alternative Method: Vector Cross Product

Only apply this scheme if it is clear that a candidate is applying a vector cross product method.

(o) ([ 3 ij k Realisation that the vector
dxd,=| 1 |x| 4| =401 -3|=7i-9j-3k |crossproductisrequired
-3 -5 3 4 - between +Ad, and +Bd, .
sing = \/(7)2 +(- 9)°+(3)° An attempt to apply the
q \/(0)2_'_(1)2_'_(_ 3)? .\/(3)2 +(4)? +(- 5)? vector cross product formula
sing = L P ¢=31.8203116...=31.82 (2 dp) anything that rounds to 31.82
V10.4/50

dM1

(Alon
ePEN)

Al

M1 | Full method for finding B and for finding the magnitude of AB or the magnitude of BA.

dM1 | dependent on the first method mark being awarded.
Writes down correct trigonometric equation involving the shortest distance, d.

Eg: - =sing or - =c0s(90- q), o.e., where “their AB” is a value.
their 4B their 4B

and g="theirg" or stated as g
Al | anything that rounds to 7.46
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Question Scheme Marks
Number
5. _Note: You can mark parts (a) and (b) together. |
(@) X=4t+3, y=4t+8+ —
dx , OI—y=4—§t’2 Bothd—x—4 rg — a dy=4—5t*2 Bl
e . N o S de 4 . 2
4_242 M1
dy 2 S, 5 Candidate’s &y divided by a candidate’s —
So, == =1--t 1-— t o.e
B SO S S 8 L S A
{Whent=2,} dy_z 27 or 0.84375cao | Al
_____________________ aX 82 82
[3]
Way 2: Cartesian Method
dy o N
—=1- , simplified or un-simplifed. | B1
dy _. 10 dx (x- 3)? P P
d - _ 72
’ (-3 d—y=i/i mz,/ 0,m 0| M1
dx (x-3)
{When¢=2,x=11} d_2 2T or 0.84375 cao | Al
____________________________ dv 32 32
[3]
‘Way 3: Cartesian Methopd
2
dy _ (2x+2)(x- 3)- (x" +2x- 5) Correct expression ford—y, simplified or un-simplified. | B1
dx (x-3)?% dx
- bx-1 d_yzftl(x)(x-3)-21f(x) |
- (x_ 3)2 dx (X' 3) M1
where f(x) = their "x* +ax+5", g(x) =x- 3
{When¢=2,x=11} d_2 2T or 0.84375 cao | Al
____________________________ de 32 82
[3]
t_x-3:> _4[x-3j+8+L limi hi
(b) 4 y 4 3 Eliminates t to achieve |
2 A an equation in only x and y
y=x-3+8+ 10
_____________________ X e
y= 2 96-3) +§(x' I*10 - 3)=(x- Y(x- I +8(x- 3) +10
+5x_ 3 +10 ‘5 3 10 See notes | dM1
or oGP0 -
____________________ X e X T
24005 Correct algebra leading to
_X X - _ _ 2 _
P y—ﬁ, {a—2andb—-5} y:X +2X-3 or a=2and b=-5 Al
X — cso
[3]
6
| Question | Scheme | Marks |
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Number
5.(b) | Alternative Method 1 of Equating Coefficients
2
yZM P y(x-3)=x"+ax+bh
x-3
y(x-3)=(4t+3)* +2(4t+3) - 5 = 161 +32¢+10
Zorerb=(WHd vaW b
) apl2 Correct method of obtaining an
(W Hal@rr+b =loredztl0 equation inonly t, aandb | "™
. _ _ Equates their coefficients in t and
t: 24+4a=32 b a=2
“ ¢ finds both ¢=... and p=... | IM
constant: 9+3a¢+bH=10 P H=-5 TTTTTTTTTITITIeTemees a=2and b=-5 a1
e [3]
5.(b) | Alternative Method 2 of Equating Coefficients |
_x-3 _(x-3 5 o ]
t=—— =, y=4 +8+ —— Eliminates t to achieve
4 4 x-3 . M1
2 e an equation inonly x and y
y=x-3+8+ 1 P y=x+5+ 10
x-3 (x-3)
y(x-3)=(x+5)(x-3)+10 b x*+ax+b=(x+5)(x- 3)+10 dm1
2+2 """ 5 """"""""" t o ];_"__mt__;_""m_m""m_m_C_o_r_r_ééf_ail_gjé_ljr_é_l_ééd_ih_é_t_é """"""
X X - or equating coefficients to 2 _
Py==—7"3"  givea=2andb=-5 _XEXZS o g=2and b=-5 | Al
X—3 Cso
3]
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5. (a)

(b)

Question 5 Notes
2 -
B1 dx_ 4 and & =4- Et'z or d_8°-5 or & =4- 5(2t)%(2), etc.
dt dt 2 d 27 dt
Note d—y can be simplified or un-simplified.
t
___Note | Youcanimply the B1 mark by later working.
M1 Candidate’s &y divided by a candidate’s ax or dy multiplied by a candidate’s de
dt dt dt dx
Note | M1 can be also be obtained by substituting ¢ = 2 into both their (;—y and their 3—x and then
t t
______________ dividing their values the correctwayround.
Al 21 or 0.84375 cao
32
_____ M1 | Eliminates tto achieve an equationinonly xandy.
dM1 | dependent on the first method mark being awarded.
Either: (ignoring sign slips or constant slips, noting that k can be 1)
e Combining all three parts of their x - 3 + 2=3 + [ 10 ] to form a single fraction with a
A9 -
common denominator of +k(x- 3). Accept three separate fractions with the same
denominator.
. . 10 . . x-3
e Combining both parts of their x +5 + 3 (where x +5 is their 4 e +8),
- r Y
to form a single fraction with a common denominator of +k(x- 3). Accept two separate
fractions with the same denominator.
e Multiplies both sides of their y =x - 3 +§+ [ 10 ] or their y=x+5 + ( 10 ] by
— x-3 — x-3
*k(x- 3). Note that all terms in their equation must be multiplied by +k(x- 3).
__Note | Condone “invisible” brackets fordM1.
2
. . . . 2x -
Al Correct algebra with no incorrect working leading to y = al x3 > or a=2and b=-5
' Note | Some examples for the award of dM1in (b):
- -3)+8+
dMOfor y=x- 348+ —0_ 5 = (- =D +8+I0 o ipe  +8(x- 3+
x-3 x-3
- -3+
dMOfor y=x-3+ ——> y= (- 9(x- 3 10. The “8” part has been omitted.
x-3 x-3
-3)+5+
dMOfor y=x +5+ —0 _y = X239 *5%10 o iibe .+ 5(x- B+
x-3 x-3
10 .
dMOfor y=x+5+ - — p(x- 3) =x(x- 3) +5(x- 3) +10(x - 3). Should be just 10.
x -
0 X%+ 2x - . . . -
Note y=x+5+ 3 with no intermediate working is dM1AL.
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Question Scheme Marks
Number
3
6. (a) A:(‘? (3- x)(x+1) dx , x =1+ 2sing
"""""""""""""""""""""""""""""""""""""" & _psosg or 2cosq used correctly | o,
— =2c0sq do cosq q YiB1
o In their working. Can be implied. | |
[O/(s x)(x+1) dx or O‘/3+2x x)dx]
J.\/(C% L+ 2sind))((L+ 2sind) +1) 2cos6 {d6)} Substitutes for both x and dx, M1
where dx* /dg. Ignoredd
j\/(z 25in0)(2 + 2sin0) 2cos0 {do)
A (4 4sm2q) 2cosq dq
"""" M 2 o) o fad o Aaean oeenfqd  Appliescos’@=1-sin’0 |
4- 4(1- cos’q| 2cosg{dg} or 4cos“qg 2cosgidg M1
________ (){}{}seenotes
Y 2 hY 2
_ 4ooszqdq, {k 4} 4003 gdqg or Olcos qdg AL
______________________________________________________________________________ Note: d isrequiredhere. |
0=1+2sing or -1=2sing or sing=- - b q--%
See notes | B1
and 3=1+2sing or 2=2sing or sing=1p ng
S S 1
_ 1+ c0s2g Appliescos2g=2cos’g- 1
®) { jcos q{dq}} ) {k}_ﬁ 2 ]{d } to their integral M1
(1 1Y U ntegratesto give +ag+ psin2a. at 0. 610 | wae
{k}[lq+lsm2qJ ntegrates to give +aqg + bsin2q, a O,_b 0w
2° 4 or k(xaq = bsin2q) | (AlonePEN)
{So 4I cos’ gdg = | 2q +sin2q | }

Al
cao Cso
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Question 6 Notes

6. (a)

(b)

Note

Note

NOTE
M1

M1

Al

Note
Note

Note

3—2 =2cos@. Also allow dx =2cosqgdq. This mark can be implied by later working.

You can give B1 for 2cosqg used correctly in their working.
Substitutes x =1+ 2sing and their dx [from theirrearranged%j into 4/(3- x)(x+1) dx.
q

Condone bracketing errors here.
dx ! /dg. Forexample dx ! dg.

Condone substituting dx = cosq for the 1 M1 after a correct 3—2 =2cos@ or dx =2cosqdq

Applies either

e 1-sin’g=cos’q

e /- /sin*gor /(1-sin’g)=/cos’q

o 4-4sing =4+2c0s2g- 2 = 2+2c0s2q = 4cos’q
to their expression where / is a numerical value.

Correctly proves that o‘ /(3- x)(x+1) dx isequal to 4Goszqdq or dcoszqdq

All three previous marks must have been awarded before Al can be awarded.
Their final answer must include dg.
You can ignore limits for the final AL mark.

Evidence of a correct equation in sing or sin"* g for both x-values leading to both g values. Eg:

e 0=1+2sing or -1=2sing or sing=- % which then leadsto g = - % and

e 3=1+2sing or 2=2sing or sing =1 which then leads to ng
Allow Blfor x=1+ Zsin[- %j =0 and x=1+25in£§] =3
Allow B1 for sinqz[%lJ or q=sin'1[%1] followed by x=0, g =- %; x=3, q:%

Writes down a correct equation involving cos2qg and cos® g

1+ cos2qg

Eg: cos2g=2cos’q-1o0r cos’q = M}

2

and applies it to their integral. Note: Allow M1 for a correctly stated formula (via an
_incorrect rearrangement) being applied to theirintegral.
Integrates to give an expression of the form taqg + bsin2g or k(xaq+ bsin2q), a* 0,610
(can be simplified or un-simplified).

A correct solution in part (b) leading to a “two term” exact answer.

4—”+ﬁ or 8'O+\/5 or %(8,0+3\/§)

or / cos*q :/[

5.054815... from no working is MOMOAO.
Candidates can work in terms of k (note that k is not given in (a)) for the M1M1 marks in part (b).

If they incorrectly obtain 4(‘20032 gdgq in part (a) (or guessk =4) then the final Al is available

for a correct solution in part (b) only.
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Question

Number Scheme Marks
, 2 _A, B
@ 152" P P2
2= AP ) B e Canbeimplied. | ML
AT B Eitherone. | AL .
. 1 1
ivin -=
giving P-2) P See notes. cao, aef | Al
[3]
P 1
b — ==P(P-2)cos2t
O T L
2
_[P(P—z) dP = jcosZt dt can be implied by later working | B1 oe
£/ In(P- 2) £ mnP,
1 /10,m 0 M1
In(P—Z)—IanzsinZt (FC) e I
IN(P-2)—InP==sin2t | Al
{t=0,P=3=} In1-In3=0+c {D c=-1In3 or In(%)} See notes | M1
In(P—2)—InP=%sin2t—In3
In[?’(P_Z)) ~ Lginat
P 2
_________________ Starting from an equation of the form
/In(P- b) £ mMinP =+ Ksindt + ¢,
3(P-2) _ osinat /,mb,K,d* 0, applies a fully correct method to M1
P eliminate their logarithms.
Must have a constant of integration that need
e ee........_Not be evaluated (see nOte) |
3(P-2) = Pe*™ =3P -6 = pe:™ A complete method of rearranging to
L2 L2 make P the subject. | .,
gives 3P- P =6 b P(3- e™)=6 Must have a constant of integration
6 . that need not be evaluated (seenote) |
C(B- e Correct proof. | Al * cso
_________________________________________________________________________________________________________________________ [71.
(c) {population = 4000 =} P =4 States P =4 or appliesP =4 | M1
____________________ Obtains +/sin2¢t =Ink or +/sint =Ink,
1. 3(4-2) 3 .
Estt =In 1 n > / 10, k>0where / and k are numerical | M1
... valuesand /[ canbel]
t — 04728700467 .. anything that rounds t_o 0.473 AL
.. DO NOt apply isw here | |
[3]
13
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Question

Scheme Marks
Number
| Method 2 for Q7(b)
7. (b) In(P—2) —InP==sin2t (+c) As before for... | BIM1A1
In[(P_ 2)j = =sin2s + ¢
''''''''''''''''''''''''''''''''''''''''''''''' Starting from an equation of the form |
=/ In(P- b) £ mMnP =xKsindt + ¢,
(P- 2) _ izt o (P- 2) = el /,mb,K,d _(),_applies a_ fully c_orrect 31 M1
P method to eliminate their logarithms.
Must have a constant of integration
. that need not be evaluated (see note) |
i _ Lsin2s i dsin2e _ A complete method of rearranging to
(PZ) ----- APe ------ p PAPe --------- 2 --------------- make P the subject. Condone sign
1sin2ry_ B 2 slips or constant errors. Must have a | 4™ dM1
P PQl- 4e*"")=2 P P= 1. geion constant of integration that need
________________________________________ g_______e______)________________________r_‘P_t_P?_?M@!U_@!‘?Q_(_S_QQ_U_Qt_@)________________
2 See notes
{t=0,P=3=} 3=—7 (Allocate this mark as the | 2" M1
A 2 MimarkonePEN). |
= 3= 2 = A= 1
1- 4 3
(1 1 e;smzz) (3- e Correct proof. | Al * cso
Question 7 Notes
. . 2 A B
Forming a correct identity. For example, 2° A(P- 2) + BP from = — +
7.(a) M1 g y p (P-2) PP 2 P P2
Note | Aand B are not referred to in question.
Al Either one of A=-1or B=1.
Al P ! 2 — % or any equivalent form. This answer cannot be recovered from part (b).
Note | M1AZ1ALl can also be given for a candidate who finds both A=-1 and B =1 and g + (PB 2
is seen in their working.
Note | Candidates can use ‘cover-up’ rule to write down P2 - % , S0 as to gain all three marks.
Note | Equating coefficients from 2° A(P- 2) + BP gives A+B=2,- 24=2b A=-1, B=1
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7. ()

(©)

4™ M1 for making P the subject

Separates variables as shown on the Mark Scheme. dPand dt should be in the correct positions,
though this mark can be implied by later working. Ignore the integral signs.
1

Eqg: A2 dpP = \032tdt or ~ dP—l\OSthtoe are also fine for B1
Q270 LS e |

+/In(P- 2)x mnP, /10, 0. Alsoallow =/ In(M(P- 2)) £ minNP; M,N canbe 1.
Condone 2In(P- 2) +2InP or 2In(P(P- 2)) or 2In(P?- 2P) or In(P*- 2P)

Correct result of In(P- 2) - InP:%sinZt or 2In(P- 2)- 2InP =sin2¢

0.e. with or without +¢

Some evidence of using both =0 and P =3 in an integrated equation containing a constant of
integration. Eg: corA.etc.
Starting from an equation of the form +/In(P- b)+ minP =+ Ksindt +c¢, /,mb,K,d* 0,
applies a fully correct method to eliminate their logarithms.

dependent on the third method mark being awarded.

A complete method of rearranging to make P the subject. Condone sign slips or constant errors.
For the 3" M1 and 4™ M1 marks, a candidate needs to have included a constant of integration,

in their working. eg. ¢, A, In 4 or an evaluated constant of integration.

- - lsin2s +¢ - Lsinas T
|n[M] = %sinzwc N % = eire L, (P2 2) _ 2™ | o is final MIMOAO

Note there are three type of manipulations here which are considered acceptable for making
P the subject.

(]_) M1 for ?’(P—PSZ) — e%sinZt b 3(P- 2) — Pe%sinZz b 3P-6 = Pe%sinZ; b P(3- e%sinZz) -6

(2) M1 for

(3) M1 for {In(P- 2)+InP:%sin2t+In3 :>} P(P-2)= 3" = p?- 2p=3"

b P :%
(3-e277)
3(P- 2) - e%sinZt b 3- 9 — e%sinZt b 3- e%sinZt — E bp p= 6l5in2t
P P (3-e77)

b (P- 1)?- 1= 3" leadingto P=..

States P =4 or appliesP =4
Obtains +/sin2¢ =Ink or +/sint =Ink, where / and k are numerical values and / can be 1
anything that rounds to 0.473. (Do not apply isw here)

Use of P=4000: Without the mention of P =4, %sin 2t =1In2.9985 or sin2¢ =2In2.9985

or sin2¢ =2.1912... will usually imply MOM1AOQ

Use of Degrees: ¢ =awrt 27.1 will usually imply M1M1AO0
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Question Scheme Marks
Number
— dy_ X dy_ X xIn3
L@ | ep g g o3 or e or yia 1
Either T: y-9=3In3(x-2) See notes | M1
ee notes
_____ or T: y=(@In3)x+9-18In3 where 9=FIn)2)+c ]
{Cutsx-axis P y=0pb }
S Sets y=0 intheirtangentequation | |
- 9=9In3(x- 2) or 0=(FIn3x+9- 183, S progrefsestoqx_ M1
S0, x=2 - = g. L o 2Ins-1 Al cso
________________ NS D3 N3]
USROS USRS SUSRR [4]
o\ \ \ v =p(§3) with or withoutd
(b) V= pds") {dx} or pdzx{dx} or pd"{dx} P Y1 Bloe
_________________________________________________________________________________________ which can beimplied | |
2X
Eg: either 3** dn in3) or +a(In3)3*
+a(In
_{P}( i or ‘{P}(gq 9" __ or +a(n9)o" "
(2n3) In9 o A ta(In9)9’, a e»
""""""" 2 S
oy, 37 oo or e*" 1 (ez*'“) Alo.e
203 n9 .23 T ]
, . \ Dependent on the previous
2 o 3> 3 1 40p method mark. Substitutes
— 2 — — —
{V_p 03 dx _{p}{zmgl} —{p} 2In3 m) {_m} x=2and x =0 and subtracts | 9M1
________________________________________________________________________________________ the correctway round. | |
v :lp(g)z(ij _2ip vcone=%7r(9)2(2-their (). See notes. | g1fi
“e 3 In3 In3
40p 27p| _ 13p 137 26z _ 26p . .
=_rr_ -7 {7 —— or —— or —— etc., ISwW
{VOI(S) In3 In3} In3 In3 In9 2In3 Al oe
{Eg:p=13p, q= In3} [6]
10
(b) | Alternative Method 1: Use of asubstitution
N A \2
V=p 3‘) {dx} Blo.e
u=3 = =3 In3=4In3 v={p} Ql_\ i’ {du} ={p} Q—‘ = { du}
dx In3 n3
2 uz
i or xa(In3)u? where u=3" | M1
ol ) (@) +a(n3) (In3)u .
e I e
( ) ,wWhere u=3" | Al
2(In3)
. r \ Substitutes limits of 9 and
_ (P = u’ _ 9’ 1) [_4o0p Linu(or2and0inx)
{V_p 0(3) . _{p}{zmsl} a 2In3 "~ 2In3 {_ ﬁ} and subtracts the correct | ™M

way round.

then apply the main scheme.
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Question 8 Notes

8. (a)

8. (b)

B1 g—y:3xln3 or In3(ex'"3) or yIn3. Can be implied by later working.
X
M1 Substitutes either x =2 or y =9 into their g—y which is a function of x or y to find m, and
X
e either applies y- 9= (their mT)(x - 2) , where m, is a numerical value.
e orapplies y = (their mT)x + their ¢, where m, is a numerical value and c is found
by solving 9 = (their mT)(Z) +c
__Note _| The first M1 mark can be implied from later working.
M1 Sets y =0 in their tangent equation, where m, is a numerical value, (seen or implied)
____________ and progresses 0 x =...
Al | Anexactvalueof 2- —— or 2n3-1  In9-1 by a correct solution only.
In3 In3 In3
Note | Allow Al for 2 - ! or | 2In3- 1) or 1 (In9- ) or 2- I—,Where / is an integer,
[ In3 [ In3 [ In3 [ In3
and ignore subsequent working.
Note | Usinga changed gradient (i.e. applying __1d or 1 ) is MO MO in part (a).
their % their %
Note | Candidates who invent a value for m_ (which bears no resemblance to their gradient function)
cannot gain the 1 M1 and 2" M1 mark in part (a).
Note | A decimal answer of 1.089760773... (without a correct exact answer) is AQ.
Bl A correct expression for the volume with or without dx
2 N . 2
Note | Eg: Allow B1 for pd3") {dx} or ,od%z"{dx} or pd"{dx} or pde"'“) {dx}
or pdez"'”s){dx} or pé*'”g{dx} with or without dx
"""""""""""""""""" S
9
M1 | Either 3* - or £a(In3)3* or 9 > ——— or +a(In9)9"
+a(In3) (n3) +a(In9) (In9)
| 2xIn3 | | xIn9 |
2xIn3 or +ta(In3)e®™ or ™ > ——— or +a(In9)e*"°, etc where a1 »
+a(In3) (In3) +a(In9) (In9)
2x+1 x+1
Note | 3* i are allowed for M1
ta(In3) ta(In3)
2x+1 x+1
Note | 3* - 9" —> are both MO
2x+1 x+1
2x
Note | M1 can be given for 9** — (in9) or +a(In9)9*

PV S - o s 1 (ams)
Al Correct integration of 3°*. Eg: 3> — or or 9" —> or e=" —>—(e o )
__________________________________________________________ 2in3_ 9 9 . 2In3' 7

dM1 | dependent on the previous method mark being awarded.
Attempts to apply x =2 and x =0 to integrated expression and subtracts the correct way round.
Note | Evidence of a proper consideration of the limit of 0 is needed for M1. So subtracting 0 is MO.
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8. (b)

dM1 | dependent on the previous method mark being awarded.
Attempts to apply x =2 and x =0 to integrated expression and subtracts the correct way round.

Note | Evidence of a proper consideration of the limit of 0 is needed for M1. So subtracting 0 is MO.

Bift |V = %p(9)2(2- theiranswer to part (a)).

cone

Sight of 2|7—§ implies the B1 mark.
n

Note | Alternatively they can apply the volume formula to the line segment. They need to achieve the

result highlighted by **** on either page 29 or page 30 in order to obtain the B1ft mark.

Al 13—” or 26—” or 26—’0 etc. , where their answer is in the form P

In3 In9 2In3 q

Note | The p in the volume formula is only needed for the 1% B1 mark and the final A1 mark.
Note | A decimal answer of 37.17481128... (without a correct exact answer) is A0.

Note | A candidate who applies (‘f““dx will either get BO MO A0 M0 BO A0 or BO MO A0 M0 B1 A0

Note p(‘j&xz dx unless recovered is BO.

Note | Be careful! A correct answer may follow from incorrect working

2 2 T 4
V:pj 3x2dx-%p(9)2(iJ=p{3) } 2p _pS P Zp 1%
0
0

In3 2In3| In3  2In3 2In3 In3 In3
would score BO M0 A0 dMO0 M1 AOQ.

2"Y B1ft mark for finding the Volume of a Cone
2
Ve =PQ) (9xIn3- 18In3+9) dx

" In3

37?2 Award B1ft here where their
_ | (9xIn3- 18In3+9) - .
- 271n3 lower limit is 2 - e or their

1 .
2 - — or their part (a)answer
In3 part (a)

3
1
of2- L JIn3-18m3+9
. [(18In3—18|n3+9)3]_ [( In3]n o+ J

part (a) answer.

27In3 27In3

( 729 ) (18In3 - 9-18In3 + 9)’
=T —
27In3 27In3

21z

"~ In3
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2"9 B1ft mark for finding the Volume of a Cone
8.(b) | Alternative method 2:

2

v =7z.[ (9xIn3-18In3 + 9)" dx
2

cone

In3

2
nj 81x (In3)’ 324x(|n3)2+162x|n3—324|n3+324(In3)2+81)dx

2-
In3

2
= 2] 27 (In3)’ ~162:¢ (In3)" + 81* In3 - 324xIn3 + 324x(In3)” + 81x Award B1ft here where
2

1

“m3 | their lower limit is 2 - 1
In3

Hkkk or their part (a) answer.
(216(In3)" ~648(In3)" +324In3 — 648In3 + 648(In3)° +162)

- ) 27(2—%)3(In3)2—162(2—%)2(In3)2+81[2—|ij2 In3

n n n3

-324 Z—LJInS + 324(2—ij(ln 3)° + 81(2—ij
| In3 In3

n3
12 6 1 2 4 1 2
27(8—m (|n3)2 — (Ins)aJ(lnB) —162{4—E+ (|n3)2](|n3)

- 7| (216(In3)" - 3241n3 + 162 - +81[4_i+ 1 J|n3_324(2_|ijm3

In3 (In3)2 n3
+324{2- L Jn3) v 81/ 2- L
In3 In3
216(In3)" — 324In3 + 162 — |2—73 ~648(In3)" +648In3 - 162
n
- 7| (216(In3)" ~324In3+162) - |  +324In3 - 324 +%—648In3+324
n
81
+648(In3)* ~324In3 + 162 — —
In3
= 7| (216(In3)" - 324In3 +162) - (216(In3) —324In3+162—%D
n
20z
In3
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