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General Marking Guidance

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

e Mark schemes should be applied positively. Candidates must be
rewarded for what they have shown they can do rather than penalised
for omissions.

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

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

e All the marks on the mark scheme are designed to be awarded.
Examiners should always award full marks if deserved, i.e. if the
answer matches the mark scheme. Examiners should also be
prepared to award zero marks if the candidate’s response is not
worthy of credit according to the mark scheme.

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

e When examiners are in doubt regarding the application of the mark
scheme to a candidate’s response, the team leader must be consulted.

e Crossed out work should be marked UNLESS the candidate has
replaced it with an alternative response.



EDEXCEL GCE MATHEMATICS
General Instructions for Marking

1. The total number of marks for the paper is 100.

2. 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.
e A marks: Accuracy marks can only be awarded if the relevant method (M) marks have
been earned.
e B marks are unconditional accuracy marks (independent of M marks)
e Marks should not be subdivided.

3. Abbreviations
These are some of the traditional marking abbreviations that will appear in the mark schemes.

e bod - benefit of doubt

o ft-follow through

e the symbol vaiII be used for correct ft

e cao - correct answer only

e Cso - correct solution only. There must be no errors in this part of the question to
obtain this mark

e isw - ignore subsequent working

e awrt - answers which round to

e SC:special case

e Oe - or equivalent (and appropriate)

e dep - dependent

e indep - independent

e dp decimal places

o sf significant figures

e 3k The answer is printed on the paper

o |:The second mark is dependent on gaining the first mark

4. 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.

5. Where a candidate has made multiple responses and indicates which response they wish
to submit, examiners should mark this response.
If there are several attempts at a question which have not been crossed out, examiners
should mark the final answer which is the answer that is the most complete.

6. lgnore wrong working or incorrect statements following a correct answer.

7. Mark schemes will firstly show the solution judged to be the most common
response expected from candidates. Where appropriate, alternatives answers are
provided in the notes. If examiners are not sure if an answer is acceptable, they will
check the mark scheme to see if an alternative answer is given for the method used.



General Principles for Pure Mathematics Marking

(But note that specific mark schemes may sometimes override these general principles)

Method mark for solving 3 term quadratic:

1. Factorisation

(x* +bx+c) = (x+ p)(x+q), where|pg|=|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 c)
3. Completing the square
b 2
Solving x* +bx+c¢=0: (xiaj +tq+c=0, g#0 ,leadingto x=...

Method marks for differentiation and integration:

1. Differentiation

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

2. Integration

Power of at least one term increased by 1. (x" — x”“)

Use of a formula

Where a method involves using a formula that has been learnt, the advice given in
recent examiners' reports is that the formula should be quoted first.

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if there are
small 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.



Question Scheme Marks AOs
1(a) For either x=4 or y =10 Ml 1.1b
(4, 10) Al 1.1b
(2)
(b) —Xx+4+10=3x=>x=... M1 1.1b
7
=— Al 2.1
)
(2)
(4 marks)
Notes:

(a)
M1: One correct coordinate. May be seen embedded as (4,10) ore.g. 4,10

Al: (4,10) but may be given x=4 y =10 Condone 4,10

(b)

M1: For an attempt to solve —x+4+10=3x = x=... or the equivalent equation e.g.
-x+4=3x-10=>x=..., x—4=10-3x=x=... etc.

Al:  x= z oe only. There must be no extra solutions.

2
Alternative by squaring:

r—4|+10=3x = |x—4|=3x-10= x —8x+16=(3x-10)" =9x —60x+100

:>8x2—52x+84=0:x=% only




Question Scheme Marks AOs
2 (a)
y
Correct shape or correct B1 1.2
intercept — see notes
(0.1)
Y Fully correct — see notes
O E y B1 1.1b
(2)
Notes:

Note that BOB1 is not possible in part (a)
(a) Axes do not need to be labelled. No sketch is no marks.
B1: Correct shape or correct intercept.

Shape: A negative exponential curve in quadrants 1 and 2 only, passing through one point on
the positive y-axis. Must “level out” in quadrant 1 but not necessarily asymptotic to the
x-axis and allow if the curve bends up slightly for x > 0 but do not allow a clear “U”
shape. It must not clearly “stop” on the x-axis to the right of the y-axis.

OR

Intercept: The intercept can be marked as 1 or (0, 1) or y=1 or (1, 0) as long as it is in the
correct place. May also be seen away from the sketch but must be seen as (0, 1) or
possibly these coordinates in a table but it must correspond to the sketch. If there is

any ambiguity, the sketch takes precedence.

B1: Fully correct.
Shape: A negative exponential curve in quadrants 1 and 2 only, passing through one point on
the positive y-axis. The curve must appear to be asymptotic to the x-axis and it must

level out at least half way below the intercept.

Allow if the curve bends up slightly for x > 0 but do not allow a clear “U” shape. The
curve must not bend back on itself on the rhs of the y-axis. There must be no suggestion
that the curve approaches another horizontal asymptote other than the x-axis e.g. a

horizontal dotted line that the curve approaches.
AND

Intercept: As above

@)




® o
Sets 33/2=2" or 7 BI .1b
2
= —i B1 1.1b
X = > .
(2)
(4 marks)
(b)
1 3 1
. 2 . L
B1: Writes 3—2\/5 =2 " or — which may be implied.

2

2

B1: % or exact equivalent

Correct answer only scores both marks.




Question Scheme Marks AOs
3 Uses the given sequence formula correctly at least once
a,=4k+3, a, = k(4k+3)+3 Ml L.1b
3

Zan:12:>4+4k+3+k(4k+3)+3:12 dM1 3.1a

n=l

4k +7k-2=0
ddM1 1.1b
(4k—1)(k+2)=0
k =-2 only Al 2.2a
“)
(4 marks)

Notes:
M1:  Uses the given sequence formula at least once

dM1: Dependent upon having used the sequence formula at least once, scored for setting
4+ their a, + theira, =12 where a2 and a3 are in terms of .

ddM1: Dependent upon both previous marks. It is for solving a 3 term quadratic equation in k by
any correct method including a calculator.

Al:  cso k=-2 only. If k= % is written down it must be rejected.

Mustbe k= ... not x=...
Note this is quite common:

a,=4k+3, a, = k(4k +3)
3

Zan 12 =444k +3+k(4k+3)=12= 4k +Tk—-5=0

n=l

—7+129
=h=———

—0.544, —2.29)

And scores M1dM1ddM1A0




Question Scheme Marks | AOs
4(a) Attempts (5)=—18 and f(6) = (+) 4 M1 1.1b
States change of sign, function continuous so root between Al 2.1
2
(b) p=In2 (so f'(x)=2"In2-10 ) Bl 1.2
)
(© _ 4
Attempts x, =6 cam2-10 Ml 1.1b
Awrt 5.88 Al 1.1b
2)
d Sets f’(x)=2xln2—10=0:>2x:%:x;.. M1 1.1b
= x =awrt 3.85 Al 1.1b
2)
(7 marks)
Notes:

(a)

M1: Attempts both f(5)=—18 and f(6)=(+) 4 with at least one correct.

Al:  Completes the argument.

Requires

e both values correct

e gives full reason including "change of sign" (o.e) and "continuity"

e aminimal conclusion, e.g. root, tick, « lies in the interval [5,6]

Accept equivalent statements for sign change e.g. f(6) >0, f(5)<0e.g. f(5)xf (6) <0,

f(5)<0<f (6), “one negative one positive”, “there is a change of sign”

29 ¢

A minimum is “change of sign and continuous” but do not allow this mark if the comment
about continuity is clearly incorrect e.g. “because x is continuous” or “because the interval
is continuous”

(b)

Bl: p=In2 or f'(x)=2 In2-10 Condone p =log2 unless p = log,, 2 is implied by

subsequent work.

(c)

M1: Attempts x, =6—

£(6)
£(6)

following through on their f (6) and f'(6)

May be implied by their value if no working is shown.
Al:  Awrt 5.88

(d)




M1: Sets px 2" ~10=0 with their positive numerical value of p (which may be 1) and uses
log 10
. « 10 10 « 10 P
t t f 1 f =N = — = —_— e — —
correct processing to find a value for x e.g. 2 > = x=log, - or 2 P =X Tog 2 or
ln&
x 10 _ P
2 = ? =X = 2
Al:  awrt3.85
Question Scheme Marks AOs
@ States or uses 4 =0.25 B1 l.1a
'—i’{l+O.1054+2x(0.9394+0.7788+0.5698+0.3679+0.2096)} Ml 1.1b
=0.855 Al 1.1b
A
(b)(®) R
j e dx =2x(a)=1.71 Blft 2.2a
-1.5
(ii) 1.5 7)(2 s
7 |dx= x|~ = 7x1.5
L (e - j (@)+[7x]" =(a)+ 7% N
=0.855+10.5
= 11.355 Alft 1.1b
A3)
(6 marks)
Notes:
(a)
B1:  States or uses #=0.25

M1: A full attempt at the trapezium rule with their 4.

Al:

All y terms must be present but condone copying slips.

Do not condone missing brackets unless implied by subsequent work.
0.855 only (not awrt)

(Note that the calculator answer is 0.856)

(b)(1) Attempts to use the trapezium rule again score no marks.
B1ft: For 2x their answer to part (a). Correct method must be seen.

(b)(i1)
M1:

Al

Awarded for their answer to part (a) + 7x1.5 or their answer to part (a) + 10.5
ft: Correct working followed by awrt 11.4 but ft on their 0.855




Question Scheme Marks AOs
6(a) . D)
%:4x22x(1+§xj M1 3.1a
(2+3x) 2
-2
(1+§xj =
2 M1 1.1b
i), (2B (3] (2B 3y | AT | L
L“‘”X(3J+‘—7i——'if N— 5
4 =1-3x 2xz—ﬂx3
4
(b) M<§ Bl 22a
@
(5 marks)
Notes:
(@)
M1:

M1:

Al:

Al:

(b)
B1:

Attempts to take out a factor of 2 from the bracket to obtain & (1 +=x

3 T.

2

Condone slips/errors when taking out the factor of 2 as long as they reach the form

-2
k(l+%xj .

For an attempt on the binomial expansion of (1+ ax)_2 )

Look for correct coefficients with correct powers of x for term 3 or term 4

(=2)x(-3) (=2)x(=3)x(-4)

21 3] (ax)

where a could be 1 but must be consistent with a in their (1 + ax)

(ax) or

Condone missing brackets around the “ax”

-2
Correct (may be unsimplified) expansion of [1 + %xj

27 2 27 3
l—3x+Tx -5 X
Allow as a list but not e.g. 1+ —3)c+27r7x2 +—%x3

Zox<Zor
3 3

3 0ceg -

|*]<

44

-2




Question Scheme Marks AOs
7(a) N _ 4x3+3
gf(e) =20 =537 M1 1.1b
15
= Al 1.1b
7
2
(b) . 4(2x+1)-2(4x+3
gl)= (2x+1) (2 ) Ml 3.1a
(2x + 1)
g'(x)= _ =2
Requires
e Correct g'(x
e ,) Al 2.1
e Statement g'(x) <0 oe
e Conclusion e.g. “proven”, “true”, “decreasing”
3
© Achieves either boundary %an or %ln 3 Ml 1.1b
3 3 3 3
§1n2<fg<§1n3 ore.g. §1n2<y<§1n3 Al 2.5
(2)
(7 marks)
Notes:
(a)
M1: Attempts to apply the operations in the correct order. E.g. substitutes %ln e’or3into g
Al:  Achieves g or exact equivalent.
(b)
M1: Attempts the quotient rule (or product rule) to obtain the correct form or divides to reach
the form A+ > B+ ] where 4 and B are positive constants.
X
Al '(x) — 2 _OoR g(x)=2+ !
: gx)= =2+ ——=
(2x+1)’ (2x+1)
Al:  See scheme. For the alternative method look for
C t g(x)=2+—=
» Comect €0)=2+ 1)
1
e Correct statement. As x increases (or x — w)m decreases (or — 0) so g(x)
is a decreasing function
(c)
M1: Achieves either exact boundary %ln2 or %ln3
Al:  Correct range written with correct notation and with strict inequalities




Question Scheme Marks AOs
8 3 M1
2x—-T)2
I V2T dv = % Al
Deduces one of;
top limit is 16, bottom limit is ; or area rectangle = 80 Bl 2.2
Deduces all three of ;
. B1 2.2
top limit is 16, bottom limit is % and area rectangle = 80 a
Full strategy to find area R
16
2
(2x‘7) Ml 3.1a
- 80—
3
7
2
Area R =80—12—5=£ Al 1.1b
3 3
()
(6 marks)
Notes:

3
M1: Attempts to integrate </2x—7 to achieve k (2x - 7)5

3

May be implied if a substitution is used e.g. u =2x-7= -‘-\/2x ~7 dx = ku’
3

2x—7)? 3
Al: J‘\/2x—7 dx = % ore.g. %uz where u =2x—7 which can be left unsimplified

B1: Deduces correct top limit, bottom limit or area of rectangle

B1: Deduces correct top limit, bottom limit and area of rectangle

M1: Fully correct strategy to find the area of R e.g. a correct unsimplified expression for area.
Follow through their integration but limits etc. must be correct.

[
Al: % or exact equivalent. Allow 38.3 or 38% but not 38.3

Alt method (not on specification but may be seen):

5 5y2+7
Attempts j xdy:J- > dy scores M1 Al B1
0 0

5
3
R 125 35 115
Y 7o 125 35 115 v Al
[6%4 6 23

0




Question Scheme Marks AOs

9(a) 2 2 .
Attempts + (2p+3) —(2p+l) or equivalent Ml 3.1a
=8p+8 o.c. Al 1.1b
Requires
e correct expression Al 21
e minimal conclusion "hence multiple of 8, “proven”, ’
“true” etc.
(&)
(b) Provides a counter example.
D) B1 2.4
E.g 4 —2 =12 which is not a multiple of 8
@
(4 marks)
Notes:
(a)

M1: Awarded for the key step in writing down an expression of the form
2 2 2 2
+ (2p+3) —(2p+l) oceg. =+ (2p+l) —(2p—l)

Al:  Correct simplified expression for their i[(z p+ 3)2 - (2 p+ 1)2 ]

Note that i((2p+1)2 —(2p—1)2j=i8p

Al: Rigorous proof showing all key steps with explanations
(b)

B1: Shows that the statement is not true for consecutive even numbers

2 2
Note that a proof such as ( 2p+ 2) — (2 p) =8p +4 would need fully correct work and an

explanation why 8 p +4 is not a multiple of 8.




Question Scheme Marks AOs
10(a) K K M1 1.1b
f'(x)=4e +(4x—k)x—2xe Al L1b
f'(l)=4e +(4—k)x—2¢ =0 M1 2.1
fi(l)=4de —8e +2ke =0=>—de +2ke =0=>k=2% Al* 1.1b
(C))
(b) Turning points are where
f'(x)=¢ {—sz +4x + 4} =—4e (x—1)(2x+1)=0
B1 2.1
And states that ¢ =~ #0 so only other point is x = —%
()
(©) 1) .
Attempts f(1) or f ) with k=2 Ml 2.1
L
-1
One correct “end”, either p<2e  or p>—4e ' Al 1.1b
1 .
—4e *<p<2e , p#£0 Al 2.5
(&)
(8 marks)
Notes:
(a)
Mi1:

Al:
M1:

Al*:
(b)

B1:

Correct attempt to differentiate using the product rule (or quotient rule).

Award for f'(x)=ae " + Bx(4x—k)e " or f(x)=2 P x(24’§ —ke
<)

If they expand first it is for xe —ae + ﬂxze_x

Correct differentiation which may be unsimplified.

Sets f'(1)=0 to obtain an equation in k£ (may just use the numerator for quotient rule).
Shows that k =2 with sufficient working shown.

2

2 2 2

Shows that x = —% is the only other turning point. This requires

2 2

A correct '(x) =(4x—2)x—2xe +4e  using k=2 (may just use the numerator for the
quotient rule)

2
Some statement alluding to the fact that e  #0
A correct factorisation/solution of the quadratic factor
A minimal conclusion




(c)

M1:
Al:

Al:

Attempts to just verify that f'(— %) =0 score BO

For the key step in finding one of the limits.

One correct end. Allow any equivalent expressions and allow decimals here:

1

NB —4e ' =—3.1152..., 2¢  =0.73575...

Condone use of non-strict inequalities for this mark.

For subtle use of inequalities in realising that p = 0 is not included due to the nature of the

curve.
1 1

—de ' < p< 2 ,p#0 orequivalent such as de < p<0,0<p< 2¢

1 1
Allow —4e4<p<0 or O<p<2e_landcondone —4e4<p<0 and O<p<2e_1

1 1

Allow ~de ‘ < p<0U0< p<2e butnot —de ' < p<0N0<p<2e




11 sin(0 + h)—sin 6

Bl 2.1

h
sin@cosh+cos@sinh—sin @ Ml 1.1b
h Al 1.1b

: h-1 inh
(As h—>0), smé’[cosh j+cos€(%j—>0xsin9+lxcos9 Ml 2.1

SO d—y:cosé? * Al* 2.5
dé
(5 marks)
Notes:
Throughout the question allow the use of % =66 if used consistently
B1:  Gives the correct fraction such as sin@+ ) ~sin 0 or 21 O-sin@+h) or
O+h-0 ~h
sin(0+ h) —sin(0 = ) or sin(@ —h) ~sin 6 . Condone invisible brackets.
2h 0-h-6
May be implied by sin@cosh+ co; Osinh—sin @
M1: Uses the compound angle formula for sin(€+ /) to give sin@cosh+coséfsinh
Al:  Achieves 22 fcosh+cosfsinh=sin6 or equivalent (may be implied by further work).

h
Allow invisible brackets to be recovered.

dM1: Itis dependent on both the B and the M marks being awarded.
Complete attempt to apply the given limits to the gradient of their chord. They must isolate

(cosh—l

]and replace with 0 and isolate (#j and replace with 1.

e.g. sin@(cosz_lj+cos0(#j:sin¢9><0+cos9xl

Accept as a minimum sin 8 ( COS: — 1) +cosd ( SIZ f ) =cos@ (implying the application of
the limits)

If they do not fully show (COS: — lj and (Sn;l hj being isolated but proceed from

sin@(cos h—1)+cosPsinh

e.g. 2 to Oxsin@+cos@ (or e.g. 0+cos@) then this can be
implied and score dM1

in & h—1)+cos@sinh
sin &(cos h) cosOsinh _ o o

Condone if limit notation remains within their expression after the limits have been applied.
e.g.lim(sin@x0+cosOx1)
h—0

Alternatively, condone use of the small angle approximations such that




2

h .
sin@coshi+cosfsinh—sinf _?SmeJrhCOS@

h h

=——sin#+cos @ and replaces g with 0

=cos@

A1*: Uses correct mathematical language of limiting arguments to show that

d(sin®)
do

with no errors seen. (cso)

We need to see 7 — 0 at some point in their solution e.g.

d(sin@ — i
o M: =lim sin@(COSh 1j+c059£ﬂj =cosf
dé h—0 h h
d(sin@
o (sm ): :lim(—ﬁsin9+cos<9):Oxsin9+cos¢9:cos9 (using small angle
dé h—0 2
approximations)
d(sin@ in @ h-1 @sinh
o %: _ (COS h)+cos s =sin@x0+1xcos@ =cosf as h—0

d(sind
Condone f'(0) or :11—3; in place of M

Give final A0 for no evidence of limiting arguments:
d(sin@ — i
e.g. when 7=0 % = sine(%hlj+cos€(#j =sin@x0+cosf@xl=cosf is A0

cosh—1

Do not allow the final A1 for just stating # =1 and =0 and attempting to apply

these (without seeing e.g. # — 0 at some point in their solution)

If they work in another variable (e.g. x ) then withhold the final mark. If they have mixed
variables within some of their statements, then allow recovery but withhold the final mark.

Withhold this mark if there has been incorrect bracketing or invisible brackets when isolating

sin@(cosh—1) e.g. sin@cosh—1+cosfsinh but accept terms written as e.g. siné cosh—1

h
which do not require brackets. Condone a missing trailing bracket if the intention is clear.




Question Scheme Marks AOs
12(a) Attempts OM and ON and subtracts to find +MN
—— .. 3.
E.g. OM=41+§J
. M1 1.1b
ON =3j+k
(MN)=(3j+k)- 4ir2j|= it ek
2 2
Uses the given information to find either +MP or +PN
o= 3 3 . 3. . 9.3 Mi 3.1a
E1therMP—ZMN—Z(—41+§J+kj——3l+§]+zk
N | 3. 3.1 Al 1.1b
OrPN_ZMN_Z(_41+5J+kJ__l+§J+Zk
_— — — 3 9. 3 21, 3
—OM + P = ai > T T T T I
OP =0OM + MP £4l+2jj+( 31+8J+4kJ 1+8]+4k
ore.g. Al* 2.1
— 3.1 21, 3
_ON+ P = (34 R S T R S R T
OP =ON + NP (3] k)+(1 g 4kj l+8‘l+4k
“
(b) — 8. 21, 3
OQ=7 1+§J+Zk =... M1 3.1a
. 8 6
Coordinates QO = (7, 3, 7} Al 3.2a
2)
(6 marks)
Notes:
(a)

M1: Attempts to find MN (ignore labelling for this mark)
M1: For the key step in using MP =3PN in a correct attempt to find +MP or +PN
Al:  Correct +MP or £PN

1 i
: . 21,3 21 21,
Al*: Completes proof showing all key steps to obtain i +§ j +Zk ore.g. Y but not < j
3 £

4 4

(b)

Ml1: Attempts OQ = g(l + % j+ % k] =... May be implied by a correct vector or point.




Al: Deduces that O = [%, 3, gj

Do not allow as a vector unless the correct coordinates are seen first then isw.




Question Scheme Marks | AOs
B@® 1 36m20 242¢0520
sin cos . 2 :
= .. e.g. = M1 3.1
Sen0 3520 0.c.e.g (3sm2¢9) 8s1n6’(2+2cos2t9) a
2
3x25in19005¢9_2+2(2cos 9_1)_ 4cos’ O M1 21
8sinfd  3x2sinfcosd  3x2sinfcosd '
ore.g.
s X 5 Al 1.1b
(3x2sin@cos ) =8sin 9(2+2(2cos 9—1)) =32sinfcos O
6sinf@cos®  4cos’ O 6cost 4dces? . 32 8
8sn@  6snOcosd 8 6snd 073679
sin sin @ cos sin Al* 21
ore.g.
36sin” @cos @ =32sinfcos O = 36sind=32=>sind =§*
“
. . . a, a
M1: For the key step in using the ratio of 2 = a—3
1 2
a 2
2
Allow any valid attempt E.g. a, =a, x [a—zj ,a, =axa,
1
dM1: For using sin26 =2sinf cos@ and cos26 = 2cos @1 to eliminate the constant term.
Al: For any correct equation in single angles without a constant term e.g.
6sin&cosf 4cos’ 0 . 2 : 2
Rsnd  6snlcosd " (3x251n9005<9) =32sinfcos 6
Al*: Proceeds to the given answer with accurate and sufficient work.
There is no requirement to justify why sind #0 or cosf #0
(a) Alternative:
3sin26 2+2cos26 . 2 .
= .e.e.g. 20) = 2+2cos2 M1 1
Y Toap - OC ©8 (3sin26)" =8sin (2 +2cos26) 3.1a
L2
3x2sinfcosf 2+2(1—2sm ‘9)
8sin@  3x2sinfcosb dMl1 2.1
. 2 .2
= 36sindcos 20:32—3251n (92 Al 1.1b
= 365in6(1-sin 0)=32-325in’ 0
— 36sin’ 0—32sin’ O—36sin0+32=0
3 2 8 Al* 2.1
36sin #—32sin 8 —36sind+32 =0:sin9=§ *
M1: Asabove
dM1: For usingsin 26 =2sinf cosf , cos26 =1— 2sin” @ and cos’ @=1-sin" @ and proceeding
to a cubic (or quartic) equation in just sin &
Al:  Correct equation in sind e.g. 36 sin9(1 —sin’ 9) =32-32sin’ 0
Al1*: Solves their cubic (or quartic) by any means (including a calculator) to obtain sin@ = 8

If the other roots (1 and —1) are found, they must be rejected.

9

Mark (b) and (c) together.




b .
(b) e 351%’1219 _ 6cos @ _ 6COS(1.0949...) _0.344 M1 3 1a
8sin O 8 8
r=awrt 0.344 so ‘r‘<1 so S exists Al 2.4
2)
(c) n = 8Sm9=% Bl | 22a
- 10 64 " "10
it . a(l r j arlo ?x 0.344 M1 1.1b
S T T T, 1= 1-"0344"
S -8, =awrt2.5x10 Al | Llb
3)
(9 marks)

(b)
M1: Attempts to find the value of » with sin@ = g

: 3
Alternatively states that r = 7 cos @ o.e and states r < 1

Al: Achieves r=awrt 0.344 and states that as ‘ r ‘ <1 SOO exists

In the alternative gives a reason e.g. as ‘ r ‘ <1 §_ exists

Some values for reference:

r =%(= 034359..), q =%(=7.111...), a, =$(= 2.443..), a, =g(= 0.8395...)

(©)
B1: Deduces the value of a to be % but condone awrt 7.11

M1: Attempts S-S, using correct formulae and with their values of @ and r

Al awrt2.5x10




Question Scheme Marks AOs
14 Deduces that A=2 or b :% B1 3.4
Deduces that A=2 and b =% B1 3.4
%:Acos(bt):H:%sin(bt)+c M1 3.1a
Uses H 30 =c dM1 3.1b
e =— =... .
ses Hy =—
12 . 18
H:—sm(ztj+— Al 33
/4 6 T
(©)
(5 marks)
Notes:
Condone the use of e.g. a for 4 or B for b as long as the intention is clear.
B1:

B1:

M1:

dM1:

Al:

Uses the equation of the given model to deduce that A=2 or b :% o0.e.

This is implied by a statement % =2cos(...t) or (11—1;] = ...cos[%t}

Uses the equation of the given model to deduce that 4=2 and b= % 0.€.

This is implied by a statement % =2 cos(%tj

Integrates to obtain H = ...sin(bt)(+c) oe with or without the + c.

30
Attempts touse H, = = with sin(bt) =1 and a numeric b with an equation of the form

H = ksin(bt) +c and obtains a value for c.

H :Esin(ztj+§
T 6 V4




Question Scheme Marks AOs
15(2) Substitutes z:O,x:4:>4:¥:>k:... M1 3.1b
10 (3t + 2)
X=———+= Al 33
4t+5
(0]
(b) 7500 Blft 3.4
1)
© A B 4o 4(6-x)+Bx=>A=.B=.. Ml | Llb
6x—x" x -X
2 2
A=—or B=— Al 1.1b
3 3
4 2 N 2 N 2
=— o.e.eg —
6x—x"  3x 3(6—x) 8 3x 18-3x Al 1.1b
A
(a)
M1: Substitutes x =4 and ¢ = 0 into the given equation and solves to find a value for £.
10(3¢+2
Al:  Correct equation x = ¥ oce.g x= 301+20 but not just for k=10
4t +5 4t+5
(b)
B1ft: 7500 oe e.g. 7.5 thousand. Follow through their & so allow for 0.75k %1000
(c)
M1: Correct method of partial fractions leading to values for 4 and B
Al: Correct 4 or B
4 2
Al: Correct partial fractions not just correct values but award if

=—+
6x—x> 3x 3(6—x)
correct fractions are seen subsequently.




(d) 4 2 2 Ml 3.1
dr=|dt = Zinx-SIn(6-x)= 1a
_‘.6x—x2 = 3Inx 3n(6 x)=t(+c) AlLft L 1b
2
t:O,x=4:>c:(§ln2j M1 34
%1nx—§ln(6—x):t+§ln2:>1n2 =—t
(6-x) MI 2.1
2! 2!
= x+2xe” =12e
3
2
o2 . Al* | 1.1b
=t
1+2¢°
&)
(e) 6000 Bl 34
(@)
(12 marks)

(d)

M1: Correct attempt at integration using Ins. Look for aInx* SIn(6—x)=¢(+c)

Alft: Correct integration ft on their values for 4 and B. No requirement for + ¢ here.
Note that %ln 3x— % In3(6—x)=¢(+c) is also correct.
dM1: Correct method to find "c¢" using =0 and x =4
dM1: Depends on the first method mark only.
For the key steps in making x the subject of the equation.
e Uses correct In work and proceeds to a form Inf(x) =at

e Uses ¢ as the inverse function to In and cross multiplies (o0.€) to get both x terms on the
same side of the equation

e Requires a constant of integration that may or may not have been evaluated.

3
=t

. . . 12¢
Al1*: Correct processing leading to the given answer x = T
1+2e”

Note that 2" and 3 method marks may be awarded in the reverse order e.g.
2 2 2 x x 3t
glnx—gln(6—X):t+C:>§hlm:l+C:>h’lm:?+k

3t
£l £l £l 2
= =de’ Sx=64c’ —xde’ >x= bde
1+ 4e’

3t

64 12¢
e — — E3
4 A =>A=2=x v
1+2e

(e)
B1: 6000 oe e.g. 6 thousand




Question Scheme Marks | AOs
16 1
@) 4= 2+4c0st:>cost—§ :—£:>y— M1 2.1
V1
y= 3x(——j+2sm( ?]:_ﬂ V3 Al 1.1b
@)
® d o 3+2 3
b _dr S*ieost 3 Ml | 21
AltempIs =4y = st 2
dt Al 1.1b
= 6sint—2cost =3
E.g. 6sint—2cost=Rsin(t—a) M1 3.1a
=\J6" +2" =40, tana=%3a=0.322...0r18.4° Al | Lib
. .13
JA0sin(1-0.322)=3=1=0322+sin [WJ dM1 | 2.1
t=awrt 0.816 Al 1.1b
(6)
(8 marks)
Notes:
(a)
M1: For the key step in finding y when ¢ = —%
Al: —7—3
(b)

M1: For setting up an equation in ¢ using all of the information given.
The key steps required to score this mark are

e Finding gxby dividing (31 by (z

e Settin d— = —i and proceeding to an equation of the form asinz+bcost =c¢
g dx 3 p g q

Al: 6sint—2cost =3 or exact equivalent

M1: Chooses a suitable method to solve the equation.
Look for a correct overall method condoning slips.

Al: Correct values of “R” and “o”

dM1: Full and complete method to find # using correct order of operations.

It is dependent upon all previous M marks.
Al: For awrt 0.816 and no other values.

Alternative for the final 4 marks:

6sint—2csost=3:>6sint=3+2005t:>36sin2t=9+12cost+4coszt

:>36—36coszt:9+12005t+4coszt:>40coszt+12cost—27:O

— cost = _3i2—30*m(0.685..., —0.985...) —1=0816
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