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General Marking Guidance

All candidates must receive the same treatment. Examiners
must mark the first candidate in exactly the same way as they
mark the last.

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.

There is no ceiling on achievement. All marks on the mark
scheme should be used appropriately.

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

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 - ignore 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

%k The answer is printed on the paper

[ The second mark is dependent on gaining the first mark

All A marks are ‘correct answer only’ (cao.), unless shown, for example,
as Al ft to indicate that previous wrong working is to be followed through.
After a misread however, the subsequent A marks affected are treated as
A ft, but manifestly absurd answers should never be awarded A marks.

For misreading which does not alter the character of a question or
materially simplify it, deduct two from any A or B marks gained, in that
part of the question affected.

If a candidate makes more than one attempt at any question:
o If all but one attempt is crossed out, mark the attempt which is
NOT crossed out.
o If either all attempts are crossed out or none are crossed out, mark
all the attempts and score the highest single attempt.

Ignore wrong working or incorrect statements following a correct answer.

PMT



PMT
PhysicsAndMathsTutor.com January 2014 (IAL)

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+q), Where|pq| = |c| , leading to x = ...

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

2. Formula

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

3. Completing the square

2
Solving x* +bx+c=0: (xigj +tg+tc=0, g#0, leadingtox = ..

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
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.
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Question Scheme Marks
Number
1 _ 3 Moving power
1. (a) {—(4 " 3x)3 —} (4 +3x) to the top Ml
S 3 1 3] JEU
_ Sx o _ 1, 3x — | BI
4) (1+ 2 o 1+ 2 _or@ B1
1 —3)(—4 —3)(—4)(—
:{a}{ 1+(—3)(kx)+—( 3)(' )(kx)2 + EIEHE) 3)(3' )(=5) (kx) +... } see notes | M1 Al
3
RN 3)( LI 4)[%] (IEA) [3_xj .
64 2! 4 3! 4
= i[ 1—2x+ sz —13—5x3 +}
64 4 8 32
19 e 135 s Al; Al
64 256 512 2048
[6]
| 7 243 9x(coeff x* in (a)) | M1
(b) ——— , so the coefficient of x* is 4= (9)(—) == 243
(4-9x) 512) 512 = Al
512
[2]
8
Notes
(a)

M1: Writes down (4 + 3x)™ or uses power of —3.

This mark can be implied by a constant term of (4) > or a .

1 1 . o . .
B1: 47 or — outside brackets or — as candidate"s constant term in their binomial expansion.

M1: Expands ( + kx)_3 to give any 2 terms out of 4 terms simplified or un-simplified,

Eg: 1+ (—=3)(kx) or 3D )( 4 %(/m)3 or 1+ ... nL#(kx)2

)
21

———=(kx)" +
(kx)” + %(kx)3 where k # 1 are fine for M1.

D) iy D

expansion with consistent (kx) . Note that (kx) must be consistent (on the RHS, not necessarily the LHS)

in a candidate’s expansion. Note that £ #1.
3
, CIEAHE) (3_xj .
3! 4

Al: A correct simplified or un-simplified 1 +(—3)(kx)+

(=3)(= 4)( 3x)

You would award BIM1AO for él: 1+(- 3)( j ol

because (kx) is not consistent.
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Notes for Question 1 continued

1.(a) ctd

(b)

“Incorrect bracketing” = L 1+(- 3) M 3x° M ﬁ +...
64 2! 4 3! 4

1s M1AO unless recovered.

Al: For é — %x (simplified please) or also allow 0.015625 — 0.03515625x.

Allow Special Case A1AO0 for either SC: 6_14[ 1- %x e } or SC: /1[ 1—%x + %:xz - 13—5x3 +.. }

32
(where A can be 1 or omitted), with each term in the [ ......... ] either a simplified fraction or a decimal.
Al: Accept only ﬂ 2 135 x* or 0.052734375x — 0.06591796875x°
512 2048
1 3=4)( 3x)  (3)(=45)( 3xY
Candidates who write =— | 1+(-3)| - ( )=4) 2y M L
64 4 2! 4 3! 4
where k = —> andnot > and achieve = — + ix; + o, 15 s win get BIMIATAOAO.
4 4 64 256 512 2048
Note for final two marks:
1 1—2x+ 2x2 —Ef +. = ! +ix+ 27 X - 135 X+ ... scores final AOAL.
64 4 8 32 64 256 512 2048
€ 1—2x+ 2x2 —gf +.. | = € —i 27 X 13—5x3+ ... scores final AOA1
64 4 8 32 64 256 512 2048

Special case for the M1 mark
Award Special Case M1 for a correct simplified or un-simplified

1+n(kx)+”(” D (exy? + w

and a consistent (kx) Note that (kx) must be consistent (on the RHS, not necessarily the LHS) in a

(kx)’ expansion with their n # —3, n # positive integer

candidate‘s expansion. Note that £ = 1.
.27
M1: 9x| their — | or 9| their ﬂxz
512 512
Al: For ﬁ Note that &xz is AO.
512 512

Alternative method for part (b)

M1: for (4)° [%J(_Ej or (4)3((—3)(—4)j(2j or (4)3((—3)(—4)j[9_xj or L(z43x2J
2! 4 2! 4 2! 4 64( 8
Also allow M1 for L { ...... +w(— 9_xj + o } or L { ...... +—(_3)(_4) ( 9_xj2 + o :l
ﬁ 2! 4 @ 21 4

Also allow M1 for ﬂ,[ ...... +m[— 9_xj + o } or /‘{ ...... +m(9—x)2+ ...... }
2! 4 2! 4

where A is the multiplicative constant used by the candidate in part (a). Note that A can be 1.

Al: For & Note that ﬁxz 1s AO.
512 512
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Notes for Question 1 continued

Alternative Methods for part (a)

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

_
(4+3x)
M1: Writes down (4 + 3x)™ or uses power of —3.

B1l: 47 or L

64
M1: Any two of four (un-simplified or simplified) terms correct.
Al: All four (un-simplified or simplified) terms correct.

Al: L — ix
64 256

27 , 135

— X ——x
512 2048
Note: The terms in C need to be evaluated,

Al:

=} (@ +307 = @+ 00+ EX D @G+ D ey

50 C,(4) 7+ 7C (4 *Bx)+ C,(4) Bx)’ + ~C,(4) *(B3x)’  without further working is BOMOAO.

Alternative Method 2: Maclaurin Expansion
4+ 3x)’3
f"(x)=108(4+3x)" , "(x)=-1620(4+ ?ax)’6

£'(x)=-3(4+3x)*3)

1 9 27 405
2 £(0) = — ,f'(0)=———,f"(0) =~ and f"(0)=—-——
{() R TR T © 1024}
)= -2y 2L 135 )

= X X -
64 256 512 2048

Moving power to the top
Correct f"(x) and f"(x)
+a(d+3x)"*; a=+l
—-3(4+3x)7*(3)

Ml
B1
Ml
Al oe

Al; Al
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Question Scheme Marks
Number
u=x % =1
2. I xcos(zj dx,
2 dv X . [ x
—=co0s| = | = v=2sin|—
we3) )
G |= 2xsm(§j— I 2sin(fj {dx} Ml Al
= 2xs1n(£j + 4c0s(£j {+¢} Al
2 2
[3]
) I _4,B,_C
@ | 205y~ 2 2 T ao
At least one of “B” or “C” correct. | Bl
B—1 C=9 Breaks up their partial fraction correctly into
T three terms and both"B" =1 and "C"=9. | Bl cso
See notes below.
1= Ax(1-3x) + B - 3x) + Cx*
x=0, 1=8B
Y= 1 | = lC —~(C=9 Writes down a correct identity and attempts to
3’ 9 find the value of either one of “4”, “B” or “C”. | M1
x* terms: 0=-34+C
0=-34+9 = 4=3
x*:0=-34+C, x:0=A4-3B,
constant: 1=58
Correct value for “4” which is found using a
leading to 4 =3 correct identity and follows from their partial | Al
fraction decomposition.
[4]
1 3 1 9
(b) Iz—dx=j—+—z+ d
x (1-3x) x x (1-3x)
Either + L —>talnxortalnkx
0 g MI
! 9 or = — +hx"' or — tcln(1 - 3x)
=3Inx + — +——In(l - 3x) {+ ¢} x (1-3x)
=D =3 At least two terms correctly integrated | Alft
All three terms correctly integrated.
, | Alft
Ignore absence of ,;+ ¢
3]
10
Notes
2. (i)

M1: Integration by parts is applied in the form +Ax sin(gj i.[ ,usin(gj {dx} (where A0, u#0)

Al: 2xsin(gj - J 2sin(§] {dx} or equivalent. Can be un-simplified.

. 2
AlL: 2xsin| = |+ 4cos| = | or 2xsin| = | - — —“-cos| = | or equivalent with/without + ¢
2 2 2 (1) 2

Can be un-simplified.
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Notes for Question 2 continued

(ii)(2)

(i1)(b)

SPECIAL CASE: A candidate who uses u = x , % = cos(%} , writes down the correct “by parts” formula,

but makes only one error when applying it can be awarded Special Case M1.

BE CAREFUL! Candidates will assign their own “A, B and C” for this question.
B1l: At least one of “B” or “C” are correct.
B1: Breaks up their partial fraction correctly into three terms and both "B" =1 and "C" =9.
Note: If a candidate does not give partial fraction decomposition then:
e the 2 B1 mark can follow from a correct identity.
M1: Writes down a correct identity (although this can be implied) and attempts to find the value of either
one of “4” or “B” or “C”.
This can be achieved by either substituting values into their identity or
comparing coefficients and solving the resulting equations simultaneously.
Al: Correct value for “4” which is found using a correct identity and follows from their partial fraction
decomposition.
Note: If a candidate does not give partial fraction decomposition then:
e the final A1 mark can be awarded for a correct “4” if a candidate writes out their partial fractions
at the end.
Note: The correct partial fraction from no working scores BIBIM1A1.
Note: A number of candidates will start this problem by writing out the correct identity and then attempt to
find “4” or “ B” or “C”. Therefore the B1 marks can be awarded from this method.

Note: Z;E £2+
x(1-3x) x* (1-3x)

will only score a maximum of BIBOMOAO.

leadingto "B"=1 or "C"=9

M1: Either i£—>ialnx or i%—)ibx’l or

— tcIn(l — 3x), from their constants P, O, R.
X X (1-3x

P
Alft: At least two terms from any of + — or + % or
X X (1-3x)

correctly integrated. Can be un-simplified.

Alft: All 3 terms from * L , T % and R correctly integrated.
b b (1-3x)

Can be un-simplified with/without + c.
NOTE: Ignore subsequent working for applying limits after integration.

to give —31n|3x—1| is correct but —3In(3x—1) is incorrect.

NOTE: Integrating 1 2

NOTE: The final two marks in (ii)(b) are both follow through accuracy marks.
NOTE: Some candidates are applying limits of x=0 and x= 3 to their integrated expression. You can award

up to all three marks in (ii)(b) for the integrated expression and ignore the application of limits.
NOTE: A candidate who achieves full marks in (ii)(a), but then mixes up the correct constants when writing
their partial fraction can only achieve a maximum of M1A1AO in (ii)(b).
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Question Scheme Marks
Number
3. N =5000(1.04), teR,t>0.
(a) {t =0 =} N =5000 (bacteria) 5000 | B1 cao
[1]
2 — —
) N 5000(1.04)" — 5000 100 or + 5408 — 5000 100 Mi
5000 5000
=8.16 (%) 8or82o0r8.16 | Al
2]
© v _ 5000(1.04)' In(1.04) or v _ 5000(e""** )In(1.04)
dt dt
AN 1 dv M1 Al
or — =NIn(1.04) or — — = In(1.04)
de N dt
At t =T, 15000 = 5000(1.04)" = 3=(1.04)" = T = 3 _—_ 28.01...
In1.04
Substitutes their found (1.04)"
(At =7,0 W = 5000(3)n(1.04) ubstitutes their found (1.04)
de their found T int dN
or their found 7' in OE dM1
dNv 2801.. .. dN
or —-= 5000(1.04)™" In(1.04) or N mtOE = Nln(1.04)
— 588.3106973... (ba“e“aj 590 or awrt 588 | Al
hour
[4]
7
Notes
(a)
B1: 5000 cao.
(b) M1: A full method for finding a percentage increase.
Al: 8or8.1or8.16
Note: (1.04)°or 1.0816 or 0.0816 by itself is MO; but followed by either 8 or 8.2 or 8.16 is M1A1.
2 —_
Note: Applying [5000(1 (5):())8 5000)100 or equivalent (answer of 7.54(%) ) is MOAO.
M1: Award M1 for v _ + /1(1.04)t or v _ + AN or v _ + 2e™™ or 1AV _ + A
(c) dr dt dt N dt

where A1 #0 is a constant.

EXCEPTION: Award M0, however, for % = ...(1.04)#I or % = ...(1.04)”1 or equivalent.
Note: Award MO for expressions such as % = 5000(1.04)’7l or % = 5000t(1.04)t7l

dv ¢
Note: You can award M1 for o 5000(1.04)

Be careful: % =5000(1.04)' In(1.04)" is MO.

PMT
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Notes for Question 3 continued

3.(¢)
contd.

Al: % =5000(1.04) In(1.04) or % = 5000(6”““'04))1n(1.04) or % = NlIn(1.04)

or 1 dv = In(1.04) or equivalent.
N dt
dM1: (dependent on the first M mark)
For substituting their found (1.04)" (or (1.04)") or their found T (or #) into their% =1(¢);

or their found N or N =15000 into their % = f(N).

Al: 590 or anything that rounds to 588

PMT
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Question Scheme Marks
Number
4. (a) 1.4792 1.4792 | Bl cao
[1]
1 :
) Area z§x1n2 ;X [2.1333+2(the1r 1.4792+1.0079) +0.6667} Bl M1
= ln72>< 7.7742... = 2.694332406... = 2.69 (2 dp) awrt 2.69 | Al
3]
du dx -1
: =1+3¢" = —=-3¢" or —=
(e)(®) {” } I du (-1 Bl oe
1
A | —=du | M1
47" 41 1 j Ju
——d&x= —— | —=du
3V/(1+3e7) 9J Ju 411
——|—=du | Al oe
9J Ju
4( u 1
= _g[TJ {+c} giving +pu? | M1
8 1
=—-——u’j+c
St {4}
8 113
=—§ 1+ 3e ){+c} Al
[5]
Applying limits of x =—-3In2 and
8 \/ - \/ e x =0 to an expression of the form
(ii) =——( (1+3¢°) - J(l+3¢ " )) MI
9 +4,/(1+3e™) and subtracts either way
round. See notes.
- (& -25)
9
= 8 8 or awrt 2.67 | Al
3 3
[2]
11
Notes
@) B1l: 1.4792 correct answer only. Look for this on the table or in the candidate®s working.
(b) awrt 0.69

B1l: Outside brackets %xln2 or 1nT2 or awrt 0.35 or

Also allow — %xan or — lnTZ or awrt —0.35 or —

M1: For structure of trapezium rule[ ............. ]
Al: anything that rounds to 2.69

Note: It can be possible to award : (a) BO (b) BIM1AL1 (awrt 2.69)

awrt 0.69

Note: Working must be seen to demonstrate the use of the trapezium rule. Note: actual area is

2.66666...

Note: Award BIMIALI for %(2.1333+0.6667)+ ln2(their1.4792+ 1.0079) = 2.694332406...
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Notes for Question 4 continued

4.(b)

contd.

()

(c)(i)

Bracketing mistake: Unless the final answer implies that the calculation has been done correctly,

Award BIMOAO for %x In2 +2.1333+ 2(their 1.4792 + 1.0079) +0.6667 (nb: answer of 8.12077...).

Award BIMOAO for %x In2 (2.1333+0.6667) + 2(their 1.4792 + 1.0079) (nb: answer of 5.94461...).

Alternative method for part (b): Adding individual trapezia
2.1333+1.4792 N 1.4792+1.0079 N 1.0079+0.6667
2 2 2

Bl: In2 and a divisor of 2 on all terms inside brackets.

M1: First and last ordinates once and the middle ordinates twice inside brackets ignoring the 2.
Al: anything that rounds to 2.69

NOTE: YOU CAN MARK (c)(i) AND (c)(ii) TOGETHER.

Area ~ In2 x{ } = 2.694332406...

B1l: For du =-3¢e " or du=—-3e"dx or dx = 1_ or dx % o equivalent.
dx du 3¢ du 3
dc -1 u—1
Award B1 for ™ = =7 (which can be obtained from differentiating x = —In| — 3 ).
" _
3

1 _1
M1: Applying the substitution and achieving ikj‘T (du) or ikju 2 (du), 2#0
u

Note: Any (u —1) terms need to be cancelled out for this M1 mark.

Al: I 4( 3) "‘J_ (du) or —%J‘uz (du) or .[3«F (du) or equivalent.

0 x 25
Ignore the presence of limits, but note that j _ de’ dx = j 4 du
i 3 \/(1 + 367)() 4 9\/_

1

dM1: (dependenton the first M mark) Integrates ixj‘% du togive +Bu?, A#0,8#0
u

Al: —g af(l +3e "), simplified or un-simplified, with/without +c¢

4(u—1)
Note: 3 3/_ x —du is 1" MOAO unless the (x —1) terms have been cancelled out later
u
4 M
but —d s 1MIAL

3f5y/6

M1: Applies limits of x =—-3In2 or -2.07...and x =0 to an expression in the form +4 «f(l +3e)

and

subtracts either way round.
1

Or attempts to apply limits of u =25 and u =4 to an expression in the form + Bu? and subtracts
either way round.

Al: % or anything that rounds to 2.67.
Note: The final A1 mark in (c)(ii) is dependent on (c)(i) BIM1A1IMI and (c)(ii) M1.

PMT
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Question Scheme Marks
Number
dy 3y? r
- = =2atx=—
> dv  2sin’2x 8
Separates variables as shown.
1 3 .
— dy = S ox dx Can be implied. | Bl
Y S 2x Ignore the integral signs.
Iiz dy = J‘gcoseczbc dx
y 2
1 1
— —> ——. (See notes). | B1
1 3( cot2x 4
—— ( j {+c} t+Acot2x | M1
y 2 2
_l 3 _ cot2x Al
) > 2 oe
1 = — = i
=2 x=Z o ——:—Ecot2£ b Use of x 8andy 2inan | o
8 2 4 8 : . ..
integrated equation containing ¢
1 3 1
——=—=+¢c = c=-—
2 4 4
1 3 1 1-3cot2x
——=—-=cot2x+— = ———
y 4 4 4
SO = _—1 or = L or = M Al
7 —3cot2x + 3cot2x —1 YT 3 tan2x o°
[6]
6

Notes

B1: Separates variables as shown. dyand dx should be in the correct positions, though this mark can be
implied by later working. Ignore the integral signs. The numbers “3” and “2” may appear on either side.

1
E —dy = —dy = dx,
& J. Vo J.sm 2x I J.sinz 2x
I— = J‘;zdx are all fine for B1.
2sin” 2x
2 2 2 1 1
B1: —2—>—— 0 —2—>—— of — —>——— 0of —5 —>——
y y y y y 3y 3y° 3y
M1: — or cosec’2x — +Acot2x, A#0
sin” 2x
. . . 4
Al: 1 =%(— cot2xj with/without +c¢ or equivalent. Eg: e = cot2x
y y

M1: Some evidence of using both x = 3 and y = 2 in an integrated or changed equation containing c.

Note that is mark can be implied by the correct value of c.
-1 4 4tan2x

Al: y=——— or y=——— or y= ———
’ —3cot2x + 4 YT Scot2x 1 YT 3 tan2x

Note: You can ignore subsequent working which follows from a correct answer.

or any equivalent correct answer.

PMT
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Question Scheme Marks
Number
6. From question, il_lt/ =0.48
V =7zr*(0.3) V' =0.37zr* (Can be implied.) | Bl oe
d_V =0.67zr Bl ft
dr
{d—ng = d—V} = (0.671}’)% =0.48 (Candidate's d—ijg =0.48
dr dr dtf dt dr ) dt
d~ dV dV d 1 4 4 M1 oe
{—r = —} = = (048) ; {z —} or 0.48 + Candidate's — ;
d dr dr dt 0.67zr Srmr dr
Substitutes » =5 into
When r=5cm, ﬂz 0.48 = 4 ) .. dr | dM1
dt  0.67(5) 57(5) an equation containing e
Hence, % =0.05092958179...(cm s™) anything that rounds to 0.0509 | Al
[5]
5
Notes

Bl: ¥V =xr*(0.3) orequivalent.
B1ft: Correct follow through differentiation of their ¥ or their 4 with respect to r.

M1: (Candidate’s d—ij K =0.48 or 0.48 =+ Candidate's d—V
dr dr dr

dM1: (dependent on the previous method mark) Substitutes» =35 into an equation containing %
t

Al: anything that rounds to 0.0509
Example 1: Using thickness = 3 (cm) and not 0.3 (cm)

V=3rr = d_V= 67r leading to dar = 048 = 0.005092958179... gets BOBIftM1M1AO.
dr de|,_s  67(5)
Example 2: Using thickness = 0.03 (cm) and not 0.3 (cm)
4
V=0.037r" = v =0.067r leading to dr = _048 = 0.5092958179... gets BOB1ftM1M1AO.
dr def,_s  0.067(5)
Alternative method 1 First 3 marks
A=rr* and a4 _048 {=1.6} Can be implied. | B1 oe
de 03
%: 27r ft % B1 ft
dr dr
1 4

{%xgz %}: (27zr)g=1.6 or ar_ (1.6)=—: {:—} M1; oe
dr dr dt dt dt 2rr Sxr

Alternative method 2 First 3 marks

A=nr" and V=034 Can be implied. | B1 oe

%=27rr, {d—V=O.3} ft% Bl ft
r dA4 dr
g:ixﬂxd_l/ = QZL 1 (0.48); :i MI; oe
de d4 dV dt de 27zr\ 0.3 Srr
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Question Scheme Marks
Number
7. (a) x = 2cos?, y=\/§cos2t, o<t
dy |
_ . . Candidate’s —+— | M1
d_y: 2«/?s1n2t :«/?;?m% _ 2\/§c0st dr  dr
dx —2sint sin? Correct simplified | Al oe
or un-simplified result. | cso
[2]
The point
-1, —ﬁ or awrt —0.87 |.
(b) Whent=—, x=-1, y=——— (need values) 2 Bl
These coordinates can be
implied.
3
3 s1n[2(27rn \E[— J_J 2 dy
_dy 3 B 2 Y Inserts ¢ = —— into their —
M= o -—F { =3} 3 M1
sin(j (3j Can be implied.
3 2
S (N) ! Applies m(N) = ! M1
o,m(N)=— -
NE) m(T)
N: y——£= L(x——l)
2 BB
See notes. | M1
B 3
or ——=—(—1)+c = c=—-——
ENEY 6
3 1
N y+—=—(x+1
RN,
N:  23y+3=2x+2
N: 2X—Z\Ey—1= Proves the result 2x.—2\ﬁy—1=0 Al * cso
using exact values.
[5]
(©) 2(2005t)—2\/§(\/§cos2t)—l:0 Substitutes x = 2cos? and y = /3 cos 27 into N M1
to form an equation in variable ¢.
4cost —6cos2t —1=0
6cos2t —4cost +1=0
6(2cos’t —1) —4cost +1=0 Appliescos2t = 2cos’t —1 | Ml
12cos’t —4cost —5=0 12cos’t — 4cost —5 {=0} . Seenotes. | Al oe
(6cost —5)(2cost +1) =0 = cost =... ddM1
=3
cost=—, qc0oSt =——
6 2
At least one of either x or y correct. (See notes) | Al oe
So (x,y)=|—= —\/_
3718 Both x and y correct. | Al oe

[6]
13
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Notes for Question 7

7(a)

(b)

7.(c)

Note: Award M1AO for a candidate who writes (explicitly) % = 2/3sin2¢ , % = 2sint

followed by % = M .

2sint
Note: Award M1A1for d_y = @ with no explicit reference to d_y and %
dx 2sint dt dt
dy/ :
Note: Also award M1A1 for b Jar _ Zﬁsm 2 with no explicit reference to % and e

=47 = :
dx At 2sint

N

Bl: x=-1, y= Y or [—1, —? or awrt —O.87J . You can imply these coordinates from later working.

2w . . d : o . d
M1: Inserts ¢ = = into their ay This mark can be implied by a correct ft value from their ay .
2z
(27
3

M1: Applies m(N) = — % . Numerical value for m(N) is required here.
m

M1: Use y —(their y,) = (their mN)(x — (their x])) .
or finds c by substituting | their —1, their - into y = (their m, )x + ¢

their m(T) their m(T)

Note: Numerical values for their x, , y, and m(N) are required here.

. 2 in 2
Al: (correct solution only from Y_ &
dx 2sint

where m, =— or m, = —their m(T).

Convincing proof of 2x — 243 y —1=0 (answer given) with no errors.

Eg I: y+£=i(x+1):>2d§y+3=2x+2 = 2x-23y-1=0

2 B

Eg2: yzix—ﬁ = \Eyzx—% = 2\Ey=2x—l :>2x—2x/§y—1=0

NE) 6

Note: Candidate need to work in exact values to prove 2x — 23 y —1=0 for the final Al.
M1: Substitutes x = 2cost and y = \/g cos2t into 2x — 2\/3 y —1=0 to form an equation

in only one variable.
M1: Appliescos2t =2cos’t — 1
Al: For obtaining either 12cos’ 7 —4cost —5{=0} or —12cos’¢ + 4cost + 5 {= 0}
This mark can also awarded for a correct three term equation eg. 12cos’ ¢ — 4cost = 5 or

12cos’ x = 4cosx + 5 etc.
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Notes for Question 7 continued

ddM1 (dependent on the previous 2 M marks)
See page 4: Method mark for solving a 3 term quadratic.
e (6¢cost—5)2cost+1)=0 = cost=...

4+ J16—4(12)(-5)

2(12)

L Ccost =

, 1 5 1Y 1 5
e cos’t——cost——=0 = |cost——| ————=0 =cost=...
3 12 6 36 12

e Or writes down at least one correct root from their quadratic equation.

Al: Any one of either x = g or 1.66 or awrt 1.67 or y = l\ﬁ or A or awrt 0.67

18 183

Al: Both x = % and y = l\/g or 2t (both exact values required here for the final Al.)

18 183

Note: A candidate cannot obtain any of the final two accuracy marks unless the first three marks
(M1M1AT1) have already been awarded.

(c):_Alternative Method 1 Forming a Cartesian equation from x = 2cos?, y =3 cos2t
y= «ECOSZt = x/"a_‘ (2coszt - 1) 2" M1: For applying cos2t = 2cos’ ¢ — 1

So y= x/_(— —lj fz—«ﬁ

3 3
2x — 2\/§[sz - \/gj -1=0 1°* M1: For substituting their y = %xz — /3 into N.
3x? =2x-5=0 Al: For 3x’ —2x—5{=0} or 3x* —2x =35, etc.
x+DBx-5=0=>x=.. ddM1: For attempting to solve a quadratic equation.
ng , yzéﬁ A1AL: As above.
(c): Alternative Method 2 Forming a Cartesian equation from x =2cosz, y = J3cos2t
y= Beos2t =3 (2cos2t — 1) 2" M1: For applying cos2t = 2cos’ ¢ — 1

So y—£x2 V3 :>x2=¥(y+\/§)
2x=2fy+1:>4x2:12y2+4ﬁy+1

1°*M1: For substituting their x* = ﬁ( y+3 ) or
23 ) 3
4 T(y—i—xﬁ) =12)” +43y +1 7

%(y + \/3) into N.
Al: For 36)° + 4x/§y -21 {= 0} or
36)° + 43y —21=0

12y° +£y 7{ 0} etc.

(18)/ - 7\/?)(2)/ + \/5) =0=y=.. ddM1: For attempting to solve a quadratic equation.

- %ﬁ, X = % Al1Al: As above.
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Question Scheme Marks
Number
2 -1 2 5 -1 5
L:r=|=-3|+A4 2|, L:ir=|-3|4+ul-2| Sod,=| 2|,d,=|-2
4 1 4 5 1 5
8.
0
O4=|1
6
- ; B Realisation that the dot product i
_ | _ ealisation that the dot product 1s
(@) Sodi=| 2],dy=|=21= 2|e -2 required between +A4d, and +Bd, . Ml
1 5 1 5
—5-4+5 ;
cosd == Correct equation. | Al
JED? (2 + (1) (5 +(=2) +(5)
cos 0 = _1—; = 6 =102.8395884...
So acute angle = 77.16041159... awrt 77.2 | Al
(3]
2 -1 0 Substitutes candidate’s
) r=|-3l+2l 21=l11l A =2into [, an_dﬁnds
4 1 6 ' j+6K. B1
. ) . The conclusion on this
(= OA. Hence the point 4 lies on /;). occasion is not needed.
[1]
() {L=1,=} Sox(2,-3,4). X(2,-3,4) | B
[1]
2 0 2
(d) AX =0X -04=|-3|-|1|=| -4
4 6 -2
Full method for finding AX. | M1
AX =(2) +(-4)" + (-2)* =24 {=246
\/( yHEYH(E2) \/_{ \/_} \/ﬁ or 2\% or 4.89 or awrt 4.90 Al
[2]
(@) Ara AB,B,= (4(24)’sin77.1604... }; x 2 = 23.3990503... awrt 23.4 or 2«/77 MI; dMI Al
(3]
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Question Scheme Marks
Number
Su
8. () XB = —2,u and XB =24
{ax® } (5,u) +(2u) + (Sp)* =24 M1
4 2
{:54;1 24 = 4’ = :} H=*— Either,uzz or,u=—z Al
9 3 3 3
2 2 > Substi 1
ubstitutes at least one
hir=|=31% 3 -2 of their values of x into/,. dMI
4 5
16 1 4 1 At least one set of
b 5= S 1= . Al
3 3 3 3 coordinates are correct.
{O—Bl}— B or —4l ,{@}— _2 or —1z )
3 3 3 3 Both sets of coordinates are Al
22 7 1 2 2 correct.
3 3 3 3
[5]
15
Notes
8.(a M1: Realisation that the dot product is required between +A4d, and +Bd,. Allow one copying slip.
Al: Correct application of the dot product formulad, ed, =+ [d,||d,|cos& or cos8 = Lﬁj ﬁg |J
The dot product must be correctly applied, and the square roots although they can be un-simplified must be
correctly applied.
Al: awrt 77.2 6 =1.3467..°or 6€=1.7948..° is AO.
Alternative Method: Vector Cross Product
Only apply this scheme if it is clear that a candidate is applying a vector cross product method.
-1 5 i ] Kk
. . M1: Realisation that the vector cross
dixdy = 21x) =2 =q/=1 2 1l = 12i+10j -8k product is required between +4d, and +Bd,
1 5 5 =25 . .
A N4 . Allow one copying slip.
, 12)> +(10)* + (-8)°
sin @ = \/( ) +{10) +(H) Al: Correct applied equation.
JED +Q2P + (1) A(5) +(=2) +(5)
sin @ = 308 = 0=77.16041159...=77.2 (1dp) Al: awrt 77.2
Jo5a
(b) B1l: Substitutes candidate’s A = 2into /; and finds j+ 6k . The conclusion on this occasion is not needed.
Note: A1 =2=r=j+ 6k is not sufficient working for B1.
Note: Writing 2—1=0, 24 —-3=1, A +4 =6 followed by 4 =2 is ok for BI.
(©) Bl: (2,-3,4) or 2i—3j+4k etc.
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Notes for Question 8 continued

8. (d)

(e)

®

Working must occur in part (d) only.

M1: Finds the difference between their OX and OA and applies Pythagoras to the result
to find either AX or AX”.

AL: 24 or 24/6 or 4.89 or awrt 4.90 .

M1A1 can be awarded for seeing either \/ﬁ or 2\/8 or 4.89 or awrt 4.90 as their answer.
NOTE: Parts (e) and (f) can be marked together.

M1: Either %(their ANGY ")2 sin(their (77.2") from (a)) or

1 . 2, : . . : .
E(thelr nJ24 ") sm(thelr (180-77.2") from (a)). awrt 11.7 will usually imply this mark.

dM1: Multiplies one of their areas by 2 for triangle 4B, B,
or writes down both areas for A AXB, and A AXB,.
Al:  awrt 234

Note: Award M1dM1 for (their "v24 ") sin(their (77.2°) from (a))
Note: Award M1dM1 for (24)(@}

Alternative Method 1: Some candidates may apply %(base)(height)

“perpendicular” height = (their "J24 ") sin(their (77.2°) from (a))

Award M1dM1 for %(Z(their "J24 ")) (their " 24 ")sin(their (77.2°) from (a)).

where their "\/24 " S are consistent, i.e. the same.
Alternative Method 2:

M1: %(their "\J24 ")(their AB ="6.11")sin 4, where A =5142°, or

A= %(180 — their (77.2") from (a)).

Note: there must be a full method for finding the length AB.
(i.e. from either the sine rule or the cosine rule.)
dM1: Multiplies one of their areas by 2 for triangle AB B,

or writes down both areas for A AXB, and A AXB,.
Al: awrt 234

M1: Writes down an equation relating the ‘ﬁ‘ to ‘ﬁ‘ or ‘H‘z to ‘E‘z

their ‘E‘ their |d, |

M1 can also be awarded for either - or — .
their |d, | their ‘AX ‘
2

2
Al: Eitheru=— oru=——
p=3oru= -3

dM1: (Dependent on the previous method mark) Substitutes at least one of their values of x into/,.
If no working shown then two out of three of the components must be correctly followed through.

Al: At least one set of coordinates are correct. Ignore labelling of B,, B,
Al: Both sets of coordinates are correct. Ignore labelling of B,, B,
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