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General Marking Guidance

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

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.

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/indicative content will not
be exhaustive.

When examiners are in doubt regarding the application of the mark scheme to
a candidate’s response, a senior examiner must be consulted before a mark is
awarded.

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



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|, leadingtox=...

(ax? +bx +c) = (mx+ p)(nx+q), where| pg| =|cj and |mn| =|a| , leadingtox=..

2. Formula
Attempt to use correct formula (with values for a, b and c).

3. Completing the square
SolvingX2+bX+C=0: (xt2)?+q+c, =0, leadingtox=...

Method marksfor differentiation and integration:
1. Differentiation

Power of at |east one term decreased by 1. (X" — X")

2. Integration
Power of at |east one term increased by 1. (Xn - XM)

Useof aformula
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 procedureis asfollows:

Method mark for quoting a correct formula and attempting to use it, even if there are small
mistakes in the substitution of values.

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

Exact answers

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

Answerswithout working

The rubric says that these may not gain full credit. Individual mark schemes will give details of
what happens in particular cases. General policy is that if it could be done “in your head”,
detailed working would not be required. Most candidates do show working, but there are
occasional awkward cases and if the mark scheme does not cover this, please contact your team
leader for advice.



General Instructions for Marking

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

2. These 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.

3. Abbreviations

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

bod - benefit of doubt
ft - follow through
A
the symbol V¥ 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 — ighore subsequent working
awrt - answers which round to
SC: special case
0.e. - or equivalent (and appropriate)
d or dep - dependent
indep - independent
dp decimal places
sf significant figures
% The answer is printed on the paper or ag- answer given

4. All M marks are follow through.

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 answers that don’t
logically make sense e.g. if an answer given for a probability is >1 or <0, should
never be awarded A marks.



5. 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.

6. 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.

Amrwer ALL quesBumn. Wrile yonr soawers b S ypaces providal

There are three attempts.

2 ',_' X % 3 Attempt 1

. Tebr T Al would score M1 A1AQ0AO

! . S : Attempt 2
would score M1 A0OAO0AO

[TE P . JRPEL N ) Attempt 3
il X would score MO A0 AOQ AQ

Attempt 3isnot complete. Attempt 2 and 1 are both complete methods. So we score ' Attempt 2'' which isthe
candidates final solution which is most complete.
Candidateisawarded 1 mark.

7. Ignore wrong working or incorrect statements following a correct answer.

8. 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.
If no such alternative answer is provided but the response is deemed to be valid,
examiners must escalate the response for a senior examiner to review.
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Very brief explanation of the AO's

AO It is awarded for.....
1.1 Select or carry out routine procedures, recall facts, definitions
2.1 Constructing an argument
2.2 Making a deduction
2.3 Assessing the validity of an argument / Identifying errorsin a solution
24 Explaining their reasoning
2.5 Using mathematical language/notation correctly
31 Trandating a problem into maths
3.2 Interpreting solutions or limitations to their problem
3.3 Modelling a problem
34 Using a model
3.5 Evaluating the outcome/ refining a model
Question Scheme Marks | AOs
1
J(:—i x> —6\/;+1)dx
Attempts to integrate awarded for any correct power M1 1l.1a
4
(2x3—6\/§+1]dx: Z><X—+...+x Al 1.1b
3 3 4
=63 .. Al | 11b
%
= %x“—4xg+x+c Al 1.1b
(4 marks)
Notes

n+1

M1: Allow for raising power by one. X" — X
Award for any correct power including sight of 1x

A1l: Correct two ‘non fractional power’ terms (may be un-simplified at this stage)

A1l Correct ‘fractional power’ term (may be un-simplified at this stage)

Al:. Completely correct, ssimplified and including constant of integration seen on oneline.
Simplification is expected for full marks.

4
Accept correct exact equivalent expressions such as % —Axx+1X +C
X* — 24x¢ + 6x
—_—

6
Remember to isw after a correct answer.

Accept

Condone poor notation. Eg answer given as j% X* —4X? +X+C




Question Scheme Marks | AOs

200 |2 _8x+17=(x-4) -16+17 M1 | 31a

=(x— 4)2 +1 with comment (see notes) Al 1.1b

As (x—4)2>o :>(x—4)2+1>1 hence x> —8x+17>0 foral x | A1l 2.4

3
(i) For an explanation that it may not always be true =
Testssay Xx=-5 (—5+3)2 =4 wheress (—5)2 =25 M1 23
States sometimes true and gives reasons
Eg.when x=5 (5+ 3)2 =64 whereas (5)2 =25 True Al 24
When x=-5 (-5+3)°=4 whereas (-5)° = 25Not true
(@)
(5 marks)

Notes
(i) Method One: Completing the Square

M1: For an attempt to complete the square. Accept (Xx— 4)2

Al: For (x—4)2+1with either (x—4)2 )O,(x—4)2+1>1 or min at (4,1). Accept the inequality

statements in words. Condone (x— 4)2 > 0or asguared number is always positive for this mark.

A1: A fully written out solution, with correct statements and no incorrect statements. There must
be avalid reason and a conclusion

X -8x+17 scoresM1 A1 A1
=(x-4)" +1>1as(x-4) >0
Hence(x—4)2+1>0
x2—8x+17>0
( 4)2 120 scoresM1A1AlL
x—4) +1>

Thisis true because(x— 4)2 >0 and when you add 1 it is going to be positive

X —8x+17>0

) scoresM1A1AO
(x—4)"+1>0
which is true because a squared number is positive incorrect and incomplete
x2—8x+17:(x—4)2+1 scoresM1 A1 AO
Minimumis (4,1) so X —8x+17>0 correct but not explained
X —8x+17=(x—4)" +1 scoresM1A1A1

Minimumis(4,1) soas1>0 = X —8x+17>0 correct and explained




x2 —-8x+17>0

) scores M1 AO (no explanation) AO
(x-4)"+1>0

Method Two: Use of a discriminant

M1: Attemptsto find the discriminant b’ —4ac with acorrect a, b and c which may be within a
guadratic formula. Y ou may condone missing brackets.

A1: Correct vaueof b’ —4ac = —4and states or shows curveis U shaped (or intercept is (0,17))
or equivalent such as +ve X’ etc

Al: Explainsthat as b’ —4ac < 0, there are no roots, and curve is U shaped then X —8x+17>0

Method Three: Differentiation
M1: Attempting to differentiate and finding the turning point. This would involve attempting to

find 07 then setting it equal to 0 and solving to find the x value and the y value.

dx’
A1l: For differentiating (;—di

A1l: Showsthat (4,1)isthe minimum point (second derivative or U shaped), hence

X —8x+17>0
Method 4: Sketch graph using calculator
M 1: Attempting to sketch y = x* —8x+17, U shape with minimum in quadrant one

Al: Asabove with minimum at (4,1) marked
Al: Required to state that quadratics only have one turning point and as "1" is above the x-axis

then X* —8x+17 >0

(if)

Numerical approach

Do not allow any marksif the candidate just mentions ''positive'’ and ''negative' numbers.
Specific examples should be seen calculated if a numerical approach is chosen.

=2x—-8= (4,1) istheturning point

M 1: Attempts avalue (whereit is not true) and shows/implies that it is not true for that value.
For example, for -4 : (—4+ 3)2 > (—4)? and indicates not true (states not true, )

or writing (—4+ 3)2 < (—4)?issufficient to imply that it is not true
A1l: Shows/impliesthat it can betrue for avalue AND states sometimes true.
For examplefor +4: (4+3)° > 4% and indicates true v

or writing (4+3)” > 42is sufficient to imply thisis true following (—4+3)° < (-4)2

condone incorrect statements following the above such as ‘it isonly true for positive numbers’ as
long as they state "sometimes true" and show both cases.
Algebraic approach

M1: Setsthe problem up agebraicaly Eg. (x+3)2 > x? = x>k Any inequality isfine. You
may condone one error for the method mark. Accept (x+3)2 > x* = 6x+9>0 oe

. o 3 o
Al: States sometimestrue and states/impliestruefor x> ) or states/implies not true for

3 :
X<-3 In both cases you should expect to see the statement "sometimes true” to score the Al




Question Scheme Marks | AOs
3(a) 5 _ B Ah _—

Attempts AB =0B-OA or similar M1 1.1b
AB =—9i + 3] Al 1.1b

(2
(b) Finds length using 'Pythagoras’ |AB|=/(-9)* + (3)° M1 1.1b
|AB| =310 Alft | 1.1b

2

(4 marks)
Notes

(@)

M 1: Attempts subtraction either way around.
This may beimplied by one correct component AB = +9j + 3]

There must be some attempt to write in vector form.
A1l: cao (alow column vector notation but not the coordinate)

-9 —Oi
Correct notation should be used. Accept —9i +3j or ( 3} but not ( 3 j

(b)

M 1: Correct use of Pythagoras theorem or modulus formula using their answer to (a)
Note that |AB|=/(9)* + (3)* is also correct.
Condone missing brackets in the expression |AB| = /-9" + (3)*
Also alow arestart usually accompanied by a diagram.
A1lft: |AB| =310 ft from their answer to (a) aslong asit has both ani and j component.

It must be simplified, if appropriate. Note that +3./10 would be M1 AO

Note that, in cases where there is no working, the correct answer implies M1A1 in each part of
this question




Question Scheme Marks AOs
States gradient of 4y—3x=10is% oe
4 3 Bl 1.1b
or rewrites as y=Zx+...
Attempts to find gradient of linejoining (5,—1) and(-1,8) M1 1.1b
__1-8 3
- 5_(_1) - 2 Al llb
States neither with suitable reasons Al 24
4)
(4 marks)
Notes
B1: States that the gradient of line I, is% or writes | intheform y:%x+...
. . . . Ay : 9
M1: Attempts to find the gradient of line I, using Ax Condone one sign error Eg allow 5
A1: For the gradient of | —ﬁ——§or the equation of | ——§x+
' J 2 "5 () 20 o 2 Y=
Allow for any equivalent such as —% or -15
Al: CSO (on gradients)
Explains that they are neither parallel as the gradients not equal nor perpendicular as%x —g #-1

oe

Allow a statement in words "they are not negative reciprocals " for areason for not

perpendicular and "they are not equal” for areason for not being paralel




Question Scheme Marks | AOs
5(a) | ldentifies one of thetwo errors
"Y ou cannot use the subtraction law without dealing with the 2 first" B1 23
" They undo the logsincorrectly. It should bex=2°=8 "
Identifies both errors. See above. B1 2.3
(2
(b) X2 3
log, i =3 Elogz(x):S M1 1.1b
3 NG
x2=2% or Z==2° X = 22 M1 1.1b
X
2
X:(23)3 _4 X=4 Al 1.1b
©)
(5 marks)

(@)
B1: States one of thetwo errors.

Error One: Either in words states ‘They cannot use the subtraction law without dealing with the 2
2

first” or writes " that line 2 should be log, [X—J (=3)" If they rewriteline two it must be

Jx
correct. Allow ‘the coefficient of each log term is different so we cannot use the subtraction law’

Allow responses such as ‘it must be logx® before subtracting the logs’

Do not accept an incomplete response such as "the student ignored the 2". There must be some
reference to the subtraction law aswell.
Error Two: Either in words states ‘“They undo the log incorrectly’ or writes that ‘if log, X =3then

x=2°=8"If it isrewritten it must be correct. Eg x=log, 9 isBO
B1: States both of the two errors. (See above)

1-.,._“ L - 5:(-5.' JA 2 3
o9 () 23" Caseslikethese please send to review.
lng (5] & 2% p i
z . ;.:-
x© - :_‘}-‘ -0
() - |
M 1: Uses a correct method of combining the two log terms. Either uses both the power law and the
2

: X :
subtraction law to reach aform log, (—j =3 oe. Or uses both the power law and subtraction to

Jx
reach EIog (x)=3
2 2

M 1: Uses correct work to "undo" the log. Eg moves from log, (AX")=b= AX" =2°

Thisisindependent of the previous mark so alow following earlier error.
Al: cso X=4 achieved with at least one intermediate step shown. Extra solutions would be A0
SC: If the "answer" rather than the "solution" is given score 100.




Question Scheme Marks | AOs
6@ | Attempts P =100-6.25(15-9)’ M1 | 34
=-125 .. not sensible as the company would make aloss Al 24
(@)
®) | uses P>80=(x-9)°<32  or P=80=(x-9)" =32 M1 | 31b
= 9-432<x<9++/3.2 a1 1.1b
Minimum Price = £7.22 Al 3.2a
3
(c) States (i) maximum profit =£ 100 000 Bl 3.2a
and (ii) selling price £9 Bl 2.2a
@)
(7 marks)

(a)
M 1: Substitutes x=15 into P =100— 6.25(x— 9)2 and attempts to calculate. Thisisimplied by an

answer of —125. Some candidates may have attempted to multiply out the brackets before they
substitute in the x = 15. Thisis acceptable as |ong as the function obtained is quadratic. There
must be a calculation seen or implied by the value of —125.

A1l: Finds P =-125 or statesthat P <0 and explainsthat (thisis not sensible as) the company
would make aloss.

Condone P =-125followed by an explanation that it is not sensible as the company would make a
loss of £125 rather than £125 000. (They will lose marks later in the question). An explanation
that it is not sensible as "the profit cannot be negative" , "the profit is negative" or "the company
will not make any money" , "they might make aloss" is incomplete/incorrect. Y ou may ignore any
misconceptions or reference to the price of the toy being too cheap for this mark.

Alt: M1: SetsP =0 and finds x=5,13 Al: States 15> 13 and states makes aloss

(b)
M1: Uses P...80 where ... isany inequality or " ="in P:100—6.25(x—9)2 and proceeds to

(x—9)2...k wherek >0 and ... isany inequality or " ="

Eg. Condone P <80in P=100-6.25(x—9)° = (x-9)" <k wherek >0 If the candidate

attempts to multiply out then allow when they achieve aform ax® +bx+c=0
dM1: Award for solving to find the two positive values for x. Allow decimal answers

FY| correct answers are = 9—+/3.2 < x<9++/3.2 Accept = x=9++/3.2
Condone incorrect inequality work 100-6.25(x—9) >80=> (x—9)’ >3.2=> x> 9+/3.2

Alternatively award if the candidate selects the lower of their two positive values 9— J32
Al: Deducesthat the minimum Price=£7.22 (£7.21 is not acceptable)
Trial and improvement or just answers of £7.22 or £7.21(with no working) then please send to
review.
(©)
(i) B1: Maximum Profit = £ 100 000 with units. Accept 100 thousand pound.
(i) B1: Selling price = £9 with units
SC 1: Missing unitsin (b) and (c) only penalise once, withhold the final mark. Eg correct valuesin
(c) would be scored B1 BO.
SC 2: If the answersto (c) are both correct, but in the wrong order score SC B1 BO
If (i) and (ii) are not written out score in the order given.




Question Scheme Marks | AOs
@ Uses 15=%x5><10><sin9 M1 1.1b
sinezg oe Al 1.1b
Uses cos® @ =1-sin’ 6 M1 2.1
cos:9:i%1 Al 1.1b
(4)
(b) Uses BC? =102+52—2><10><5><"—g" M1 3.1a
BC =205 Al 1.1b
(@)
(6 marks)
Notes
(a)
M 1: Usesthe formula Area:%absinC in an attempt to find the value of sind or &
Al: sinezg oe Thismay beimplied by 6 =awrt 36.9° or awrt 0.644 (radians)

M1: Usestheir value of siné to find two values of cosé This may be scored viathe formula

cos” @ =1-sin® @ or by atriangle method. Also allow the use of a graphical calculator or good
candidates may just write down the two values. The values must be symmetrical +k

Al: cosf = ig or + 0.8 Condone these values appearing from +0.79....

(b)

M 1. Uses a suitable method of finding the longest side. For example chooses the negative value
(or the obtuse angle) and proceeds to find BC using the cosine rule. Alternatively works out BC
using both values and chooses the larger vaue. If stated the cosine rule should be correct (with a
minus sign). Note if the sign is +ve and the acute angle is chosen the correct value will be seen. It
is however MO AO

Al: BC=+205




Question Scheme Marks | AOs
8 (a)(i) 1500 = 2v dC _ 1500 2 M1 3.1b
VI T g VA R U] Al | 11b
Sets 3—3:0:>v2:8250 M1 1.1b
= v=4/8250 = v=90.8(kmh™) Al 1.1b
()1 For substituting their v=90.8in czi\f’o+l—2‘l’+6o M1 | 34
Minimum cost =awrt (£) 93 Alft 1.1b
(6)
b 2
O Fings K€, 300 ;4 _gog M1 | 11b
dv Ve
d’C .
— =(+0.004) > 0 hence minimum (cost) Alft 2.4
dv?
&)
(© It would be impossible to drive at this speed over the whole B1 35p
journey '
(1)
(9 marks)
Notes
(@)

M 1: Attemptsto differentiate (deals with the powers of v correctly).

Look for an expression for d—Cin the form ﬁz +B

dv \V;
_(dC) 1500 2
Al: (W] = —7 + ﬂ
A number of students are solving part () numerically or graphically. Allow these students to pick
up the M1 A1 here from part (b) when they attempt the second derivative.

dC

M1: Sets N 0 (which may be implied) and proceeds to an equation of thetype V" =k, k>0

Allow here equations of the type in =k,k>0
Y

Al: v=+/8250 or 5330 awrt 90.8( kmh™) . Don't be concerned by incorrect / lack of units.
Asthisis a speed withhold this mark for answers such as v = +/8250
dy

* Condone %—S appearing as ax or perhaps not appearing at all. Just look for the rhs.




(a)(i)
M 1: For acorrect method of finding C = from their solution to (il_(\f =0.
Do not accept attempts using negative values of v.
Award if you see v=..,C=... wherethe v used istheir solution to (a)(i). Y ou do not need to
check this calculation.
A1ft: Minimum cost = awrt (£) 93. Condone the omission of units
Follow through on sensible values of v. 60<v <110

v C
60 | 95.9
65 | 94.9
70 | 94.2
75 | 93.6
80 | 93.3
85| 93.1
90 | 93.0
95| 93.1

100 | 93.2
105 | 93.4
110 | 93.6

(b)
2

M1: Finds 2—(2: (following through on their z—(\fwhich must be of equivalent difficulty) and
v

attemptsto find itsvalue/ sign at their v

2
Allow asubstitution of their answer to () (i) in their (;—Cz:
v

2
Allow an explanation into the sign of 2—(2:from itsterms (asv > 0)
v

2 2
Alft: chV_CZI =+0.004 > 0 hence minimum (cost). Alternatively d_(2: = +@ >Q0asv>0

dv v

Requires a correct calculation or expression, a correct statement and a correct conclusion.
2

Follow through on their v (v > 0) and their 3—?
v

2 2

* Condone (;—cz:appearing as 2y
v

oy or not appearing at al for the M1 but for the A1 the correct
X

notation must be used (accept notation C" ).

(©)
B1: Givesalimitation of the given model, for example
e It would beimpossibleto drive at this speed over the whole journey
e Thetraffic would mean that you cannot drive at a constant speed
Any statement that implies that the speed could not be constant is acceptable. Do not
accept/ignore irrel evant statements such as "air resistance” etc




Question Scheme Marks | AOs
) | (g(-2))=4x-8-12x4-15x-2+50 M1 1.1b
0(-2) =0= (x+2) isafactor Al 2.4
2
(b) 3 10y2 _ 2 M1 1.1b
4x° —12x 15x+50—(x+2)(4x 20x+25) AL 116
2 M1 1.1b
=(x+2)(2x-5) AL | 11b
4
. ~ M1 1.1b
© [ x<-2 x=25 Alft | 1.1b
(i) x=-1 x=1.25 B1ft 2.2a
©)
(9 marks)

Notes

(@)
M1: Attempts g(—2) Some sight of ( —2 ) embedded or calculation is required.

So expect to see 4x(-2)° —12x(~2) —15x(~2)+50 embedded

Or —32-48+30+50 condoning dlipsfor the M1

Any attempt to divide or factorise is MO. (See demand in question)

Al: g(-2)=0= (x+2) isafactor.
Requires a correct statement and conclusion. Both "g(—2) =0" and " (x+2) isafactor" must be

seen in the solution. This may be seen in a preamble before finding g(—2) = 0 but in these cases

there must be aminimal statement ie QED, "proved", tick etc.
(b)
M 1: Attemptsto divide g(x) by (x+2)May be seen and awarded from part (a)

If inspection is used expect to see 4x® —12x? —15x+50 = (x+ 2)(4x2 ............ + 25)

If algebraic / long division is used expect to see 4x% + 20X
X+ 2) 4x3 —12x* —15x+50

A1l: Correct quadratic factor is (4x2 —20x+ 25) may be seen and awarded from part (a)
M 1: Attempts to factorise their (4x2 — 20X+ 25) usual rule(ax+b)(cx+d),ac=+4,bd = +25

AL (x+ 2)(2x—5)20eseen onasingleline. (x+ 2)(—2x+5)2 is also correct.

Allow recovery for all marksfor g(x) = (x+2)(x— 2.5)2 =(x+ 2)(2x—5)2
(©)(i)

M 1: For identifying that the solution will be where the curveis on or below the axis. Award for
either x< —2 or x=2.5 Follow through on their g(x) = (x+2)(ax+ b)2 only where ab< 0 (that

isa positive root). Condone x < -2 See SC below for g(x) = (x+ 2)(2x+5)2




Alft: BOTH x< -2, x=25  Follow through on their —g of their g(x) = (x+2)(ax+ b)2

May see {x< —2Ux=25}whichisfine.

(©) (i)

B1ft: For deducing that the solutions of g(2x) = Owill be where X=-1 and x=1.25
Condone the coordinates appearing (-1,0) and (1.25,0)

Follow through on their 1.25 of their g(x) = (x+2)(ax+ b)2
SC: If acandidate reaches g(x) = (x+2)(2x+ 5)2 , clearly incorrect because of Figure 2, we will

award
In (i) MLAOfor x< —20r x< -2

In (i) B1for x=-1 and x=-1.25

At (D) | 4x® —12x% ~15x+50 = (x+ 2)(ax+b)’
=a’x3+ (2ba+ 2a2) X? + (b? + 4ab)x + 20

Comparestermsto get either aor b M1 1.1b

Either a=2 or b=-5 Al 1.1b

Multiplies out expression (x+2)(+2x+ 5)2 and compares to

48 —12x% —15x + 50 M1

All terms must be compared or else expression must be
multiplied out and establishes that Al 1.1b

4% —12x* —15x+50 = (x+ 2)(2x—5)2

(4)




Question Scheme Marks | AOs
10 Considers W Bl 21
Expands (X+h)® =x%+3x°h+3xh* +h°® M1 | 1.1b

so gradient (of chord) = xh+ ?;IXhZ i =3x* +3xh+h? Al 1.1b
Statesas h—>0, 3x?+3xh+h? —3x? <o derivative=3x*> * | Al* 25

(4 marks)

Note: On epen thisisset upasB1M1M1Al Wearescoringit BIM1A1A1

(x+h)®-x° or (x+0%)°-x°
h OX

B1: Givesthe correct fraction for the gradient of the chord either

(x+h)*-x°

X+h-x
It does not have to be linked to the gradient of the chord

M 1: Attempts to expand (x+h)>or (x+8x)* Look for two correct terms, most likely X +...+h’

Thisisindependent of the B1

A1: Achieves gradient (of chord) is 3x* + 3xh+ h? or exact un simplified equivalent such as

3x* + 2xh+ xh+h?. Again, there is no requirement to state that this expression is the gradient of

the chord

A1*: CSO. Requires correct algebra and making alink between the gradient of the chord and the
gradient of the curve. See below how the link can be made. The words "gradient of the chord" do

It may also be awarded for oe. It may be seen in an expanded form

not need to be mentioned but derivative, f'(X), % y' should be. Condone invisible brackets for

the expansion of (x+ h)3 aslong asit is only seen at the side as intermediate working.
Requires either
. t(x) = (x+h)’ =X
limh—>0 h
e Gradient of chord =3x*+3xh+h* As h— 0 Gradient of chord tends to the gradient of
curve so derivative is 3x°

o f'(x) = 3% +3xh+h =3x

limh—0

= 3x2 +3xh+ h2 = ::’»x2

e Gradient of chord = 3x" +3xh+h when h—0 gradient of curve = 33X
e Donotalow h=0 alone without limit being considered somewhere:

so don’t accept h= O:>f'(x) —3x +3xx0+0 =3x
(x+h)*—(x=h)’ 6xh? + 2h°

Alternative: B1: Considers
2h 2h




Question Scheme Marks | AOs
11(a) ° 9 9 2
(2—% o 28.[—1j+ 2?[-% + M1 1.1b
16 1 16) |2 16
9
Z-lj — 512+ B1 1.1b
16
X 9
2-—j = .. —144x + Al 1.1b
16
X 9
2——} = o+ 18X (+..) Al 1.1b
16
4
0) | ses'512'a=128=a-=.. M1 1.1b
(a=)% oe ALft | 11b
2
(© | sets'512'b+'-144'a=36=b=.. M1 | 22a
(b:)6—94 oe Al 1.1b
2
(8 marks)
11(a) alt (2 XJQ—ZQ[l ng—zg 1+ 9( XJ+ 9[ XJ2+ M1 1.1b
@4 16) 2) 1732) 2\ "32) T '
= 512+ ... B1 1.1b
= ... —144x +... Al 1.1b
=+ 18X (+.) Al 1.1b
Notes Mark (a)(b) and (c) as one complete question
@

M 1. Attempts the binomial expansion. May be awarded on either term two and/or term three
Scored for acorrect binomial coefficient combined with a correct power of 2 and a correct power

X N, X
of | £-— | Condone 2'.| —— [for term three.
16 2 16

9
Allow any form of the binomial coefficient. Eg [2} =°C, =

9!
T

36




In the alternative it is for attempting to take out a factor of 2 (may allow 2" outside bracket) and
having a correct binomial coefficient combined with a correct power of (J_rs—xz
B1: For 512

Al: For —-144x

2
Al: For + 18x* Allow even following (+%)

Listing is acceptable for all 4 marks

(b)

M 1: For setting their 512a =128 and proceeding to find avalue for a. Alternatively they could
substitute x =0 into both sides of the identity and proceed to find avalue for a.

128

o1
Alft: a== oe Follow through on Ther 510

4
(©)
M 1: Condone 512b+144xa =36 following through on their 512, their —144 and using their value
of "a" to find avalue for "b"

9

Al: b:@ oe




Question Scheme Marks | AOs
12(3) 4cos¢9—1=25in49tant9:>4cos¢9—1:25in49x% M1 1.2
= 4cos’0 —cosh = 2sin’0  oe Al 1.1b
— 4c0s°6 — cosf = 2(1— cos® 6 ) M1 1.1b
6c0s°0 —cosf—2=0 * A1* 21
(4)
(b) For attempting to solve given quadratic M1 1.1b
2 1
==,—= Bl 1.1
(cos3x) 375 b
x—iarccos 2 oriarccos 1 M1 1.1b
-3 3 3 2 '
X = 40°, 80°, awrt 16.1° Al 2.2a
4
(8 marks)
Notes
(a) |
M 1: Recal and use the identity tané = % Note that it cannot just be stated.

Al: 4cos’0—cosf = 2sin’4 oe.

Thisis scored for a correct line that does not contain any fractional terms.

It may be awarded |ater in the solution after the identity 1—cos” @ = sin? @ has been used Eg for
cosé(4cosd —1) = 2(1— cos? 6 ) or equivalent

M 1: Attempts to use the correct identity1—cos® @ = sin? 6 to form an equation in just cosé
A1*: Proceedsto correct answer through rigorous and clear reasoning. No errorsin notation or
bracketing. For example sin®@ =sin&? isan error in notation

(b)

M 1: For attempting to solve the given quadratic " 6y2 —y—-2=0 "wherey could be

cos3x, cosx, or even justy. When factorsing look for (ay+b)(cy+d) where ac=46 and

bd =+2

This may be implied by the correct roots (even award for (yi %} [ y+ %) ), an attempt at

factorising, an attempt at the quadratic formula, an attempt at completing the square and even +
the correct roots.

2 1
B1: For theroots 375 oe

M1: Finds at least one solution for x from cos3x within the given range for their %—%
Al: x=40°80° awrt16.1°only Withhold thismark if there are any other values even if they
are outside the range. Condone 40 and 80 appearing as 40.0 and 80.0




Question Scheme Marks | AOs
13(a) For acorrect equationinporq  p=10*% or q=10"% M1 1.1b
For p=awrt 63100 or q=awrt1.122 Al 1.1b
For correct equationsinpandq  p=10*%and q=10°% dMm1 3.1a
For p=awrt 63100 and q=awrt1.122 Al 1.1b
(4)
i) The value of the painting on 1st January :
(®) | (i) Thevalue of the painting on 1t January 1980 B1 3.4
(i) The proportional increase in value each year Bl 34
)
(© Uses V = 63100x1.122*° or logV =0.05x30+4.8leadingto V = M1 34
= awrt (£) 2000000 Al 1.1b
2
(8 marks)
Notes

(a) Thisisnow being marked M1 A1 M1 Al and in thisorder on e pen

M 1: For acorrect equationin porq Thisisusualy p=10*% or q=10°® but may be
logg=0.050r logp=4.8

Al: For p=awrt 63100 or gq=awrt1.122

M 1: For linking the two equations and forming correct equationsin p and g. Thisis usually
p=10*® and q=10"% but may be logg=0.05and logp = 4.8

Al: For p=awrt 63100 and q=awrt1.122 Both these values impliesM1 M1

ALT I(a)

M 1: Substitutes t =0 and statesthat log p=4.8

Al: p=awrt 63100

M 1: Usestheir found value of p and another value of t to find form an equationin g
Al: p=awrt63100and q=awrt1.122

(b)(i)
B1: The value of the painting on 1st January 1980 (is £63 100)
Accept the original value/cost of the painting or the initial value/cost of the painting
(b)(ii)
B1: The proportional increase in value each year. Eg Accept an explanation that explains that the
value of the painting will rise 12.2% a year. (Follow through on their value of q.)
Accept "the rate" by which the valueisrising/price is changing. "1.122 is the decimal multiplier
representing the year on year increase in value"
Do not accept "the amount™ by which it isrising or "how much" it isrising by
If they arenot labelled (b)(i) and (b)(ii) mark in the order given but accept any way around
aslong asclearly labelled " pis............ "and "'QiS..ceieeenen. "
(©)
M 1: For substituting t =30 into Vv = pqt using their values for p and g or substituting t =30 into

log,V = 0.05t + 4.8 and proceeds to V

Al: For awrt either £1.99 million or £2.00 million. Condone the omission of the £ sign.
Remember to isw after a correct answer




Question Scheme Marks | AOs
14 (a) Attempts to complete the square (x+ 3)2 +(y=+ 5)2 =.. M1 | 1.1b
(i) Centre (3,-5) Al | 1.1b
(i) Radius 5 Al 1.1b
().
(0) | Uses asketch or otherwise to deduce k = Oisacritical value Bl 2.2a
Substitute y=kx in x*+y?—6x+10y+9=0 M1 | 3.1a
Collects terms to form correct 3TQ (1+ k2) x*+(10k—6)x+9=0 Al | 1.1b
Attempts b” —4ac...0 for their a, b and ¢ leading to values for k
*(10k—6)° ~36(L+ K2)..0" > k=..,... [Oand 1—85J ML) L
Uses b?—4ac>0 and chooses the outside region (see note) for their
g . ) M1l | 31a
critical values (Both a and b must have been expressionsin k)
Deduces k <0,k > 1—: oe Al 2.2a
(6)
(9 marks)
Notes
(a)

M1: Attempts (xi3)2 +(y15)2 =..
This mark may be implied by candidates writing down acentre of (+3,45) or r* =25
(i) Al: Centre (3,-5)

(i) Al: Radius5. Do not accept ~/25
Answersonly scoresall three marks

(b)

B1: Uses asketch or their subsequent quadratic to deduce that k =0isacritical value.
Y ou may award for the correct k <0 but award if k<< 0or even with greater than symbols

M1: Substitutes y=kx in x?+y?—6x+10y+9=0or their (x+3)*+(y+5)* = ...to form an

equation injust xand k . It is possible to substitute X == into their circle equation to form an

y
k

equation injust y and k.
A1l: Correct 3TQ (1+ k2) x* +(10k — 6) x+ 9= 0with the terms in x collected. The "= 0" can be
implied by subsequent work. This may be awarded from an equation such as
x* +k®x* +(10k - 6) x+9 =0 so long as the correct values of a, b and ¢ are used in b —4ac...0.

FY1 Theequationiny and kis (1+ kz)y2+(10k2—6k)y+9k2 =0 oe

M 1: Attempts to find two critical valuesfor k using b’ —4ac...0 or b’...4ac where ... could be "=

or any inequality.




dM 1: Finds the outside region using their critical values. Allow the boundary to be included. It is
dependent upon all previous M marks and both a and b must have been expressionsin k.

Note that it is possible that the correct region could be the inside region if the coefficient of k?in
4ac islarger than the coefficient of k? in b? Eg.

b? — 4ac = (k- 6)° — 4x(1+k?)x9> 0= ~35k* ~12k > 0=> k(35k +12) < 0

A1: Deduces k<0,k>1—:.This must be in terms of k.

Allow exact equivalents such as k < O0Uk >1.875
15

but not allow 0>k > 3

or the above with AND, & or [ between the two inequalities

Alternative using a geometric approach with atriangle with verticesat  (0,0), and (3,-5)

A

VAR

(a,ka)
_5)
ﬁ)l)t Uses a sketch or otherwise to deduce k =Oisacritical value Bl | 22a
Distance from (a,ka)to(0,0)is 3= a*(1+k*)=9 M1 | 3.1a

Tangent and radius are perpendicular

S kxBE2 o (14 k?) = 3-5k M1 | 3la
a-3
Solve simultaneously, (dependent upon both M's) dM1 11b
KB Al | 1.1b
8
15
Deduces k<0,k > 5 Al 2.2a

(6)




Question Scheme Marks | AOs
15. For the complete strategy of finding where the normal cuts the x-
axis. Key points that must be seen are
e Attempt at differentiation M1 31a
e Attempt at using a changed gradient to find equation of '
normal
e Correct attempt to find where normal cutsthe x - axis
_32 3 g Wy 64 M1 1.1b
Y=gt BE T s Al | 11b
For a correct method of attempting to find
Either the equation of the normal: this requires substituting
X=4in their Y _ —g+3: (2), then using the perpendicular
dx X3
gradient rule to find the equation of normal y—6="- % "(x—4)
dM1 2.1
Or where the equation of the normal at (4,6) cutsthe x - axis. As
above but may not see equation of normal. Eg
0-6= "—%"(x—4) = X=... Or an attempt using just gradients
Ll 6 o
2 a-4 U
Normal cutsthe x-axisat X =16 Al 1.1b
For the complete strategy of finding the values of the two key
areas. Points that must be seen are
e There must be an attempt to find the area under the curve
by integrating between 2 and 4
e There must be an attempt to find the area of atriangle M1 3.1a
1o A .
using EX( 16'-4)x6 or L (—§x+8j dx
The "16" cannot have just been made up.
32 _ 2 3, M1 1.1b
jx2+3x 8dx= X+2x 8x Al 11b
32 3 !
Area under curve = 2‘:——+—X2 —SX} =(-16)-(-26)=(10) | dm1 1.1b
X 2 5
Total area =10+ 36 =46* Al* 2.1
(10)
(10 marks)

(@)

Thefirst 5 marksarefor finding the normal to the curve cutsthe x - axis
M 1: For the complete strategy of finding where the normal cuts the x- axis. See scheme
M 1. Differentiates with at least one index reduced by one




. dy o4
Al - +3
dM1: Method of finding
either the equation of the normal at (4, 6) .
or where the equation of the normal at (4, 6) cutsthe x - axis
See scheme. It is dependent upon having gained the M mark for differentiation.
Al: Normal cutsthe x-axisat x=16
Thenext 5marksarefor finding thearea R
M 1: For the complete strategy of finding the values of two key areas. See scheme

M 1: Integrates J‘3—§+3x8 dx raising the power of at least one index
X

Al: I§+3x 8dx——§+§x —8x which may be unsimplified
X2

M1 Area =| —52, 3,2 gy " (-16)—(-26)=(10)

X 2 )
It is dependent upon having scored the M mark for integration, for substituting in both 4 and 2 and
subtracting either way around. The above line shows the minimum allowed working for a correct
answer.

A1*: Shows that the area under curve = 46. No errors or omissions are allowed

A number of candidates are equating the line and the curve (or subtracting the line from the curve)
Thelast 5 marks are scored as follows.
M1: For the complete strategy of finding the values of the two key areas. Points that must be seen
are
e There must be an attempt to find the area BETWEEN the line and the curve either way
around by integrating between 2 and 4

e There must be an attempt to find the area of atriangle using %x('lG'— 2)x(—1><2+8j or

2
16
viaintegration I (—% X+ 8") dx

2

2 2

M1: Integrates j( 1 =X+8' j—(§+3x 8} dx either way around and raises the power of at least
X

one index by one

Al (—3—)(2+Zx —16xj must be correct

4
dMm1: Areazj ["—%x+8") (32+3x 8jdx— ...... either way around
X2

Al: Area= 49-3=46

NB: Watch for candidates who calcul ate the area under the curve between 2 and 4 = 10 and
subtract this from the large triangle = 56. They will lose both the strategy mark and the answer
mark.

NB. Watch for students who use their calculators to do the majority of the work. Please send these
items to review




