Online Maths
Mark Scheme Teaching

Q1.

Question

Nirihes Scheme Marks

a 8—+15 0«/_ 5 1643 -85 2445 +4/75
2 J_ OJ_ J_ 12-5 o

?1«/_ 145 dM1
3\6 2\/— Al

3)

b (x+5\/§)\/§=40—2x\/§=>x«/§+2x~/§=40—5~/3 M1
405415

g Al
=) 1531045 Alft
3)
(6 marks)

(a) Note that 3J§ — 2J§ with no working scores MOdMOAO
M1:  Attempts to rationalise the denominator by multiplying both numerator and denominator by k ( 2\/3— = \/5_ ) . Where

ARt At 15+ 15

k is an integer usually 1. and proceeds to a fraction such as or 17 2 or —
2—- 7

as these still have surds on the denominator.

but not fore g.

TIEN HE T (243)3_(45)3
Allow -\/;1_5_ and \/ﬁ to be written in terms of \/3_ and \/g as well.

Condone slips in multiplying out as well as miscopying errors.

JJ‘ 1445

Not with no intermediate working can still score M1 for the denominator.

23+45

Attempting to multiply by a multiple of ————= \/— «/— is MOdMOAO

dM1: Attempts to simplify surds and may collect terms to achieve a fraction where

e the numerator is in terms of \/g and \/g only.
e the denominator is a multiple of 7 (which may be unsimplified)
It is dependent on the previous method mark.
If they have not fully multiplied out the numerator (or implied) then this mark cannot be scored. e.g.

(B-V15)2\3-+5) 1643 +8\5
21J_ 1445

with no previous working seen scores M1dM0OAOQ because they have not shown any

scores a maximum of M1dMOAO.

multiplying out of the brackets on the numerator.

8-15  16J3-8/5-2V45+4[75
2B+ 7

on the numerator (or changed them all to be in terms of \/g and \/g before simplifying to the final answer).

Note 3\5 24/5 is M1dMOAO because they have not collected terms
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Al: 3«/3 —2\/3 . The answer does not imply the method marks. Do not withhold this mark for slips in working such as
invisible brackets provided they are recovered/implied by further work.

8—VI5 23-5 _16J3-40-2445+5/15
?J‘+5 2325 12-25

condoning one sign slip in their multiplying out of the brackets in the numerator.

Note that a number of candidates are misreading this can score SC100

(b) Note that x =154/3 —104/5 with no working scores MOAOAO

M1:  Multiplies out the brackets and isolates the x terms on one side. Condone for this mark if the surds are converted to
rounded decimals.

eg. (\/§+ 2s/§)x = 5(8—\/1_5) scores M1

Alternatively divides both sides by \/E and 1solates the x terms on one side.
40
S

Condone slips in their working and invisible brackets, but there must be two terms on each side of the equation.

_40-515
N

eg x+2x

or exact equivalent (which cannot be 15\/5 —10\/5 )-

40
= 53
In the alternative method it may be seenas x = L which can score this mark.

oz
NG
Do not accept proceeding from (s/g - 2\/5)1' =5(8 —\/1_5 == 15\/’3T - 10«/5 without any intermediate

expression for x. This scores A0 as the use of calculator technology is not acceptable.
An expression in decimals only is AQ.

Alft: x= 15\/§ —10\/§ only (or exact simplified equivalent) eg. X = 5( 3\/5 - 2\/5 ) This mark cannot be awarded
without the previous A mark being scored.

Follow through on their part (a) answer of the form a\/?: + b\/E so award for 50*,/5 + 5b~/§ oe including

5((1 3+ b\/g ) where a and b may be fractions. Isw once they have achieved the correct answer.

213 -1445

Note: If a candidate has an unsimplified answer in part (a) e.g. f then do not withhold this mark in

10543 =705

part (b) if they proceed to e.g. f as they have already been penalised once for not giving an answer

Al:

in simplest form.

Alternative method — squaring both sides (send to review if unsure)

M1:  Attempts to square both sides and proceeds to a three term quadratic in x with terms collected on one side of the
equation (condone slips in multiplying out and collecting terms.

Al:  Asabove in main scheme

Alft:  Asabove in main scheme
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Q2.

Online Maths
Teaching

Make sure you mark in this order on epen.
Bl a=162
Bl b=35 condone p=3

Bl ¢=12 condone g=12

uestion cheme
Questi Sch
a=162 B1
b=5 Bl
c=12 B1
(3 marks)
Notes

Note: The values may be implied by their expression. If there 1s a contradiction between what appears
to be their final expression and values for a, b or ¢ which are incorrectly stated afterwards then treat

this as 1sw.
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Q3. Online Maths
Jeaching

‘Numoes e e
@ |3F=(¥) =y Bl
(1)
el 4 .9 M1 Al
(b) 3X—2 =% 3X x3-2 = y
(2)
(2)
(5 marks)

Note: Correct answer in any part implies full marks for that part

(@)
Bl y* Condone ()’ . Ignore once correct answer seen.
(b)
M1  For correct application of the addition/subtraction law so award for eg:
5 : —or xl ~ of 1» or 1_, °f3_; orsightof9orl oe
Fx32 33 (3) yx37 3 y
3'.-‘.

Al For a or 9y~ but NOT expressions that still contain = or fractions within fractions or 3°y™. Ignore
v

once correct answer seen.

(©)

M1  For simplifying the indices to expressions of the form 9~ or 3 (not as a denominator) so award for

o’ (9 )3 B i e )6 _or kx }"6.- k #0 which must come from correct working. Also allow

o ; : 1 e
unsimplified equivalent expressions of the final answer eg— as long as 1t i terms of y

2 4

Al »* only (not eg % ). Ignore once correct answer seen. Condon (y)°
."

Note: In all parts they may work from y = 3* and manipulate both sides to the given answer which 1s
acceptable.
1 1 9 .1
:> —

Egpart (b): y=3" = yx3? =3 M) > ——=—
PR X 2 i

(AD)

81

Egpart(c): y=3 =37 =3"=28 =3"" M) =281y =9""= =

»* (A1)
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Question Scheme Marks
21x° —5x il e 21x° —5x B 4
—2\/: =ax:’ +... —2\/; =...+ fBx M1
21 5 20 23 .3 2 3 z -5 a '
f(x)=—x ——x=x*+=x=x7 (+c) (=9x’—3x’+—x’(+c)) MIAIAL
3 2 23 3 ‘

35 dM1
£(9)=10=9(9 ) (9) +3( )+c=10=>c=...
\ 3 Z 5 B3
(f(x)=)9x" —3x? +§—x’ -35 Al
(6 marks)

Notes
On EPEN it is BIMIAIAIAMIAIL We are marking this as MIMIAIAIJAMIAL

M1 Uses correct index laws to obtain at least one correct index from splitting the fraction.
Award for ax™+... of .+ ,B.\'%

<1 4 7
Ml X = correctly seen on one term (usually the 27x” — _ x” ). The indices do not need to be
processed. This mark can also be awarded for 1 mtegmtmg terms from 1 mcon'ect attempts to split

21 —5x . 3

the fraction. Eg =42x2-10x2 42x2>.x? or —101 -2

1
2x?
This mark cannot be awarded for only seeing:
MP—9x =t x
e 3
2x? X2

Al Two correct terms simplified or unsimplified, but the indices must have been processed.
Al All correct simplified or unsimplified (+ ¢ not required)

dM]1 Uses f(9) = 10 and attempts to find ¢. Do not be too concerned by the mechanics of their
arrangement. It 1s dependent on the previous method mark.

Al 9¢ -3¢ +§.\"-‘L —35 All correct and simplified. Accept other simplified equivalent expressions

for f(x)such as %(2 7% —9x7 4 5x — 105)
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Q5.
TJeaching

e e
(@)
(2«/5)-=p2+q3—2pqc0560° oe Ml
p'+qg’-pg=8 * Al*
2
(b)
g=p+2=>8=p*+("p+2")’ - p("p+2") M1
P +2p—4=0 or ¢* —2g—4=0 Al
2+.,[22 —4x1x(4) 24 (<2)F —4x1x(4) M1
pP= or g = -
2 2
Bl
p=—1+\/§or q=l+\/§ (Al o
EPEN)
p=—l+\/§and q=1+\/§ only Alcso
)
(c) 1 " mym n - o
Area=;><(—1+\/§ )("1++/5") xsin 60 i
Area = \E (m?) Al
(2)

Alt(a) Forming a line BX which 1s perpendicular to AC where X 1s on the line AC.
.4X=pc0560=%

3
BY = p-_t%) =—p or BX=psmn60
2)

/ 3 2 \2 ) ' , <2 4
[%P] :‘[q-%/] =('2\/5) or (psin60) +{\q—§J =('2\/'2-) Ml
3p: 2 p2
22 g -pg+i-=8
4 9 —pq+ )
P+’ -pg=8 * Al*
(9 marks)
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(@)

Ml

Al*

(b)

Ml

Al

M1

Bl

Al

()

Ml

Al

Mmaths
ving
2

(zﬁ)' =p’+q° —2pgcos60°or (2\/5) =p*+q° —2pq><% or 8= p* +¢* —2pgcos 60°

They may carry this out in two stages by forming two right angled triangles with BX being
perpendicular to AC (see Alt(a)). To score this mark they must proceed as far as

LR R e

Condone missing brackets for M1.
Achieves p’ +g° — pg =8 with no errors including omission of brackets. One of the lines

above must have been seen for M1A1. If they state = 8 without showing any working then
A1l cannot be scored.

Substitutes ¢ = p+2 (oe) into the given equation
p2 +2p—4=0 or the equivalent equationing (g°-2¢—4=0)

Attempts to solve to find p using the formula or completing the square using their values.
Alternatively. they achieve a quadratic equation 1n ¢ and attempt to solve to find g using
their values. Usual rules for solving quadratics apply. If they state the roots or factorise then
MO. If they use the quadratic formula then the values must be embedded.

p=-1+ \/_5- or =1+ \/g (1gnore any other solutions) Must be exact. This 1s independent
of the previous method mark so if the roots are just stated this mark can be scored.

(Note this 1s Al on EPEN)

p=-1+ \fg and ¢g=1+ \/g only cso (all other marks must have been scored to award Al)

1 .
Attempts to find the area of the triangle using ;x ("-1+ x/g "1+ \/g ")xsin 60° . Must see

at least one stage of working using their p and their ¢

ﬁ (m?) condone lack of units. Do not accept rounded answers.
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C'J\Iuestion Scheme Marks
umber
= Gx% +4=0
x%=3i 5 oe M1 Al
x=(3£5) = x=1426{5 M1 Al Al
(5 marks)

M1  For attempting to solve an equation of the form y* —6y +4 = 0by completing the square or quadratic

formula to reach at least one solution. There must be some working shown for this mark to be
1

awarded, accept as a minimum identifying y = x? and writing the quadratic 1n y before solutions.

&%
Al { x2 J —3++/5 Both required (though one may be later rejected) but need not be simplified. so accept

6125
2

M1  For attempting to square a solution of the form p+ Q\/)_' with 2 (out of 4) correct terms (may be
1

implied by correct answers for their terms. but must have seen at least one solution for x2)

Al x=14+ 6\/§ or x=14- 6\/5 as an answer Accept equivalents for this mark.

Al x=14+ 6\/5 and x=14- 6J§ as answers, must be simplified.
1
Special Case: For candidates who show no initial working and write x2 =3+ J5 as their first step.

MOAOMIAIALIL 1s possible if they go on to achieve correct answers

Question
Mianhes Scheme Marks
1
Alt x+4=6x?
(x+4) =36x MI Al
X1 —28x+16=0=(x—14)’ =180 => x =14 +./180 = x =14+ 645 M1 Al Al
(3)

M1  Isolates the square root term and squares both sides.
Al Correct squared expression. (x+ 4)2 need not be expanded (as in scheme).

M1  Expands and solves the quadratic in x Note that candidates who square term by term will score no
marks.

A1Al As main scheme. Note for the final A both solutions must be fully simplified.
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Question

S Scheme Marks
Attempts both sides as powers of 3 o =3 x3% = 3= =37 M1
Sets powers equal and attempts to makes y the subject : M1
x-4y="35"2y=..
e e Al
4 8
3
(3 marks)
Alel Multiplies by 3 first:
Attempts both sides as powers of 3 3* =273 x3% = 3* =335+ M
(Addition law on RHS)
Sets powers equal and makes y the subject Y="3.5"+4y> y=_. dM1
y= 1 x— 7
il Al
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M1

Al

Ale2 Divides by 273 first:

Veaching

Attempts both sides as powers of 3 S = Ak o M1
; P 39 %273

(Subtraction law on LHS)

Sets powers equal and makes y the subject Y="3.5"-4y=02 y=... dM1
v—lx—7
M Al

Ale3 Takes logs of both sides

3X
Eg Base 3: log; [ 35 ] =log, (27J§)
log, 3" —log; 3% =log; 273 M1
Xx-4y=35>2y=..
) ' dM1
g, Al
4 8

Attempts to use the subtraction law on the LHS and the addition law on the RHS to achieve a form of

Condone errors writing 27\/5 as a single power of 3 but i1t must be clear what the two indices are
before adding if they make an error (27 = 3% and /3 =3’ s0 273 =3%)

A common mistake is to write 27+/3 = /9 x /3 x/3 =3 which can be condoned and they can still
get MIM1AO.

They may rearrange the equation first so look for attempts at the appropniate index laws being applied
(see alternatives). In Alt2 allow the RHS=1.

They may use logs on both sides (the most likely would be base 3 - see Alt3) To score M1 they would
need to take logs and then apply the laws of logs to either add or subtract.

Dependent upon the previous M mark. 1t 1s for an attempt to make y the subject. For this mark follow
through their power for 27«/5 but they must have 3 terms in their equation relating to the powers and
they cannot “lose™ one in the rearrangement. (1.e ax +by + ¢ =0 oe where a,b,c = 0) Do not award this
mark 1f they rearrange to make x the subject. Condone sign slips only.

Pogic=
y= %x —% or exact simplified equivalent eg y = ._xg J . y=0.25x-0.875

7
l‘_—

DO NOT ACCEPT y= 42 oty X35
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Que] f‘sng Scheme
@ f(x)=11-4x-2x"
2 b Bl
= =2(2x+x).. or=>.22(2x+x7.)
(2x+x)= ....((xa—l)2 i) M1
(f(x)=) 13-2(x+1)’ Al
; 3)
(b) .
M1
Al
2)
(c)
x=-1 Bift
@
Total 6
3 a+b( +2ex+c?)=11-4x-2x"
Bl
b=-2
2bc=—4=>c=..(=)) M1
a+bc*=—4=a=_(=13)
(f(x)=) 13-2(x+1)° Al
()
Bl1: b=-2
Ml:  Attempts to complete the square on x” +2x so score for (x +1)> £ .. or alternatively attempts to
compare coefficients to find a value for c.
Condone 11—4x—-2x> = ...—2(2x—x?)...= 2(x+1)* +...
Al: 13- Z(x - 1)2 _If a. b and ¢ are stated and there is a contradiction then mark their final

expression. Condone 13 +—2 (x + l)2 or just the values of a. b and ¢ being stated.
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(b)

M1: N shape anywhere on a set of axes Cannot be a part of other functions (eg a cubic).

See examples below

A

Jeaching

Al: Correct shape that cuts x-axis once either side of the origin, maximum in quadrant 2 and y
intercept (0. 11) or 11 marked on y-axis. Condone (11,0) if the intercept is in the correct
place. Do not be concerned with any labelled x-intercepts. Condone aspects of the graph which

may appear linear (but not a  shape). Its line of symmetry must appear to the left of
the origin and its curve should broadly appear symmetrical about this line. Ignore x-intercepts or

the maximum stated.

The y-intercept may be stated underneath their graph instead. but if there is a contradiction
between the graph and what 1s marked on the graph then the graph takes precedence.
Do not accept graphs which appear to be symmetrical about the y-axis.

Examples
MIA1

l/ \
| 8.
| ! 4
Y L)
MI1AO
0. 1%)
3] a l
\‘ ‘| ()'O/// '\l
\ \
‘:' > ‘1 I (&
Y\
\
MOAO
o
-‘\\‘
\
=

()

Blft: Correct equation seen 1n part (c) (follow through their numeric ¢ so allow x =— “¢”).
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Q9. online Maths

Jeaching

Question Scheme
(a) X +he-9=-3x"-5x+k=>4x +kx+5x-9-k(=0)
b —4ac=0=>(k+5) —4x4(-9-k)=0 Ml
k* +26k+169=0* Al*
3)
(b) k* 426k +169=0=k=-13 Bl
=-13=24x"-8x+4=0=>x=... M1
(1, -21) Al
3)
Total 6
Notes:

Mark (a) and (b) together
(@)
M1: Equates both curves and collects terms to one side. Allow slips but there must be some attempt to collect
terms to one side. The “ = 0" may be implied by their attempt at the discriminant.
MI1: Attempts to find the disciminant "b* —4ac" of a 3TQ. May be seen as an attempt ate.g. b* —dac =0 or
equivalent e.g. b° =4ac or may be seen embedded in an attempt at the quadratic formula.
It requires b and ¢ both of the form pk +¢, p.q # 0 and requires a as a constant.
If clearly a wrong formula/expression is used e.g. "b* +4ac" this scores M0
Al*: Achieves the printed answer with no errors and sufficient working shown.
The “ = 0" must appear at least once before the printed answer unless they start with b° =4ac.

(®)
B1: Correct value of k. Condone x = —13 1f 1t 1s subsequently used as a value for k.
M1: Either:
e substitutes their value of & into their equation obtained by equating the curves and collecting terms from
part (a) and solves a 3TQ for x by any correct method including a calculator or
e substitutes their k into the 2 given equations, equates, collects terms to one side and solves a 3TQ for x
by any correct method including a calculator
Al: Correct coordinates. Allowaseg x=1, y=-21

Correct answer only in (b) scores 3/3
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Jeaching

Question Scheme
€)) a=3
b=12
3x +12x+13=3(x+2) +1
fe Al
a=Fb=2c=1
3)
(b) " ‘fl Correct U shape with Bl
’ minimum in second quadrant
13 Intercept 13 on y-axis. Bl
(2.1 .
? > Vertex at (-—2,1) Blft
%
3)
(6 marks)
Notes:
(a)
B1: Correct value for a stated or shown by working.

M]1: Obtains b =+ 2. Allow unsimplifiede.g b= i%, i% . May be implied by e_g. 3(xi2)2 +.

Al: Fully correct expression or correct values.

2
Note that there are various methods e.g. ax’ +bx+c¢ =a[x+2iJ ci-c—{JE:ﬁ’:x2 +12x+13=_..
a

or a(x+b)2 +c=ax’ +2abx+ab’ +c=>a=3,2ab=12.ab’ +c=13=b.c= ...
(b)

There must be a sketch to score marks in (h)
Labelling on the sketch takes precedence
Treat part (b) as Hence, or otherwise, i.e. part (a) may be incorrect but full marks are available in

part (b) for a correct sketch of y=3x"+12x+13
B1: Correct U shape with minimum point in the second quadrant but not on the x-axis. Do not allow a
clear V shape.
B1: Correct y intercept labelled or stated. Allow as just 13 or (0, 13) or (13, 0) as long as 1t 1s in the
correct position. If stated away from the sketch 1t must be as (0. 13) and correspond to the sketch.
Their curve must at least touch at (0, 13). Any other intercepts can be 1ignored.
B1ft: Correct vertex labelled in some way. or follow through their 5 and c 1.e. x =—b and y = ¢. Must be
a turning point but could be a maximum or a minimum. Allow the labelling as shownorasx=._y= .. or
as the ordinates shown on the axes. It must correspond to the sketch. If stated away from the sketch 1t
must be correct or correct follow through and correspond to the sketch.
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%122:? Scheme Marks
(a)(@)
—a+6a+8+a*=32=>a’+5a-24=0 Ml
(a+8)a-3)=0 dM1
a=3 or a=—8 and chooses a = 3with reason * Al* cso
3)
3x° +26x —9x=0=> x(3x" +26x-9)=0
(11) Ml
x(3x—-1)(x+9)
(x=) 0,29 Al
s ] 3 )
(2)
(b)(®)
(v=)0 Bl
L: 1 1 i 5
y3 ="E"ory3 ="-9" y= (or (9) =...0or (—J =) M1
( y —) L —-729
W 27 ? = AI
3)
(b)(i1)
z " 1 " -
Fis 3 R Ml
(z=) 3 only
Z= > y Al
2)
(10 marks)
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(@)@

M1

dM1

Al*

(a)(id)

Ml

Al

(®)@

Bl

Ml

Al

(ii)

Ml

Al

online Maths
Jeaching

Substitutes in X =*1, y =32 and proceeds to a 3TQ in terms of a with all terms on one side
of the equation. Condone the lack of = 0 and condone slips in their rearrangement.

Attempts to solve their quadratic equation by either factorising. completing the square or the
quadratic formula. They cannot just state the roots. It 1s dependent on the first method mark.
In all cases they must show their working to score this mark so:
e Solving by factorising requires the factorised form of their a’+5a-24=0 to be
stated before proceeding to the roots i.e (a+"8")(a—"3") (=0)

¢ Solving by using the quadratic formula requires the values for a. b and ¢ to be
stated in the formula before proceeding to the roots. They cannot just state the
values of a. b and c.

-

+...before rearranging

o | W
A

e Solving by completing the square requires eg [a £

to find the roots.

a =3 or a=-8 and chooses a =3 with a minimal reason. Eg “as a 1s a positive constant” or
“Since a = 07, “a cannot be negative™.

The final mark cannot be scored without the previous method marks being scored and there
cannot be any errors even if missing brackets are recovered. Just crossing out —8 without a
reason 1s AQ.

Takes out a factor of x from the given cubic with @ =3 (or divides through by x ) and
attempts to solve the resulting quadratic equation. You must see at least one intermediate
line of working before proceeding to the roots eg the factorised form. values in the quadratic
formula or completed square form.

1 :
(x=) 0, 3 —9 provided M1 has been scored.

Solutions with no working in this part scores 0 marks.

=)

=

Sets y; equal to any of their non-zero solutions from part (a) and attempts to cube their

value to find a value for y. You must see at least one stage of working to score this mark.
(-9)° =... on its own scores M1.

(y=) ?—17 —729 and no others other than 0.

Solutions without any working will score a maximum of BIMOAO in this part.

Sets 97 equal to any of their positive solutions found in part (a) and proceeds to find a value
for z. They may write 9° as 3% before proceeding to find a value for z.
Alternatively. you may see attempts to link b(1) and b(11) together:
3- 1 x :
Eg y=9"> o 729° = z=... which can score M1.

You must see at least one stage of working to score this mark.
The method may include log statements which 1s acceptable.

1
(z=) i only (provided M1 has been scored).

Answer stated without working scores 0 marks. Evidence of calculator use will also be A0.
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Q12.

Question Scheme

y=—4x—1 Attempts to makes y the subject of the
5 5 linear equation and substitutes mnto Ml
= -+ +2x=0 the other equation.
212+ 10x+1=0 Correct 3 term quadratic Al
dM1: Solves a 3 term quadratic by
: 1 the usual rules
Ix+t1)(B3x+1)=0 = (x=)—%. —% dM1Al
( X ) ( ) ’ 3 Al: (x=) —l,—l
7 3
M1: Substitutes to find at least one y
31 value
y=—2_= ) 301 M1 Al
7 Alzym==, =
7. 3
(6)
Alternative
1 1 Attempts to makes x the subject of the
S linear equation and substitutes into
3 the other equation. Ml
ﬁy2+5[_l'v—l) +2(-—_y—-_)=0
4 4” 4
21 . 1 3 Correct 3 term quadratic
=y +=—y——=0
16 8 16 Al
(21y* +2y-3=0)
Sol 3ter drati
. olves a 3 term quadratic dM1
(7J’+3)(3}"-l)=0=>(J’=)‘7,§ o 3L
=) =R Al
Substitutes to find at least one x M1
1 1 value.
s P i
773 Al
(6)
(6 marks)
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Q13. online Maths
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?\Jl:jer:gg? Scheme Marks
(a) | Attempts perimeter of garden = 2x5x+2x(6x—2) Ml
Sets 2x5x+2><(6x—2)>29:>22x>33 dM1
=>x>§:>x>l.5 - Al*
3)
(b) | Attempts area of garden = 2x(2x—1)+3x(6x—2) Ml
Sets A<72=> 22x —8x—72<0 Al
Finds critical values 11x2—4x—36=>x=—i—?—, 2 Ml
Chooses nside region ddM1
18
0 ol Al
7 <*< 2
&)
(c) 15<x<2 Bl
¢))
(9 marks)
€))

M1  An attempt at finding the perimeter of the garden.
Scored for sight of 5x+2x—1+2x+6x—2+ additional term(s) mvolving x
Individual lengths may not be seen so imply for sight of a total of ax + b, where a >15
dM1 Sets their P>29 and attempts to solve by proceeding to ax>c¢
You may condone an attempt 1n which P=29=ax=c
33
22
Condone an attempt in which you see P=29=>x=1.5 before x>1.5 seen
Note that 1t 1s possible to start with x >1.5and prove P >29but for the A1* to be scored there must
be a final statement of the type "hence x >1.5". There 1s no requirement for any units
(b)  Mark part (b) and (c) together
M1  For an attempt at finding the area of the garden. For this to be scored look for
The sum of two areas 2x(2x—1)+...x(6x—2) condoning slips

The sum of two areas 5x(2x—1)+..x(_x*...) condoning slips
The difference between two areas 5x(6x—2)—2x(.x=...) condoning slips.

Al* csowith at least one correct intermediate (simplified) line 22x >33 or x > —— before x>1.5 seen.

Al Acorrect and simplified" equality or inequality, condoning <<>< «<>= Eg. 22x" ~8x-72<0 oe
M1 A valid attempt to find the cnitical values of their 3TQ. Allow factorisation, formula, completion of
square or use of calculator. If a calculator 1s used then the answer(s) must be correct for their 3TQ.
Condone candidates who fail to state the negative root of their quadratic.
ddM1 Dependent upon both M's. For choosing the inside region for their critical values. Condone <<> <
Condone for this mark replacing a negative root with 0, 0.5 or 1.5. So accept for example one of either
1520 0 <2 jof 0.5<x<i2T

Al —%<x<2 Allow 0<x<2 or 0.5 <x <2due to context. Allow alternative notation. See below
©
B1 1.5<x<2. Accept versions suchas (1.5.2), x>15and x<2, x>15n x<2

Do not allow x>150r x<2 x>1.5, x<2
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Q14. Online Maths

Jeaching

Clic=on Scheme Marks
Number
3 -1
(a) PR TR
Uses an index law and states or implies any of
X 3 x+3 x-1 P Bl
=pn 2 = =
4—p,_—8por2—2
Writes the given equation 1n terms of p
2x4’—2”3=17x2*-l—4:2p1—23xp=@— Ml
o

Proceeds to 4p3 ~33p+8=0 wia 2p° —8p=lz,-‘?--4 * €SO Al*
3)
(b) 4p —33p+8=0=>(4p—1)(p-8)=0=>p=..... M1
Sets 2° =7 8= x=.. M1
x=-23 Al
(3)
(6 marks)

(a) Watch out here as this is a given answer. All stages of working are required to score the 3 marks

|

Bl:  Uses an index law and states or implies any of 4= r. 32y p or 3%

: ; +3 -1 1
Allow equivalents such as 4 = pxp. 2 =8%p.px8 or 5 =5p.p=2.05p

MI1:  Attempts to write the given equation 1n x to a quadratic equation in terms of p

x+3

x x=1 2 3 17p 32 _f)s i 7_! Py
2x4 =27 =17x2" —-4=2p -2 xp=-f—-4 of 2p =2 xp=17px2 —4
2

All three index laws must be seen but condone slips on signs or on the 2’ if there was an incorrect
attempt to process.

2x4" -2 217x2"7 —a=2p° _pr=l7_‘P_4 would be fine for the M1
2

Allow a recovery for this M1, e.g 2™ =2" 47’ =8p but not the A1*

Watch for candidates who manipulate the given equation first. This 1s acceptable.

s =2 w12 — A= A =2 7™

So =>p:—22xp=17—_,p—2
2

€y

Al1*: (CSO Proceeds to the given answer of 4p5 —33p+8=0 with no errors or omissions.

Condone working such as e leading to p: _ It 1s often hard to decipher the relative
heights of the indices

; ; ; 2 17
An intermediate line of 2p” —8p =Tp —4 o.e. must be seen.
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(b) This is a non calculator part so the use of a calculator is penalised

M1: Valid non calculator attempt at solving 4 102 ~33p+8=0. Allow slips/miscopies on

4p1 -33p+8=0 for example, 4p2 ~33p-8=0. The roots cannot just appear.

Examples such as 4p —33p+8=(p- 8)( p- —\ =0=>p= 8 - lS obvious calculator work and scores

MO
Award for an attempt to
. factorise (usual rules) leading to values for (p)

3324)(-33) -4(4)(8)
2(4)

B use the quadratic formula condoning this calculation followed by

1
—.8
4

. complete the square leading to values for (p)

MI1: Valid non calculator attempt at solving an equation of the form 2 =k, k>0

This can be implied for a correct solution for either root.
If the value of k 1s not a power of 2 then score for Y =k=x= log, k

Al: Both solutions x =—2,3 following the correct quadratic equation in p. There 1s no need to state x =

If they then go on to reject X =—2 say then AQ
Note that 011 1s possible in part (b) for candidates who don't show a non calculator solution of

4p —33p+8=0
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Teaching

%}E;t;:l Scheme
(@ _ .
V8 =242 seen anywhere 1n the solution (see notes) Bl
(.\’+\/—2—)‘ +(3x—5«/8—)-
= x2 +2x2 +2+9x? —30x/8 + 258 s
=10x> —58x~/2 + 202 Al
3)
(ii) \/5(4_1--'—3\/5) =5y+3
=> 4\/_:.1' —9=5y+ V3 M1
= 4\/_?.1‘—5_1‘ —9+./3
S y=..or=>ky=..
) dM1
eg '1‘ =" 9+\3 " or |'33"." ="9+J§|' I
43-5
9+J_ 4\/-+3 =y ddM1
"4 B-5 aB3+5 3%
,r—ﬂ+ﬂ\/_ or y=222 1118 3) Al
2 "5 03
ﬁ
(ii) Alternative 1:
V3(4p+493-3V3)=5(p+qV3)+\3
= 4p3+12g-9=5p+5¢/3 +/3 Ml
—=4p=5¢+1.12¢g-9=5p dm1
=4p=5¢+1,12g-9=5p
s e ddM1
57 41 ll
}==5§4“5§V§ (or y= 33 JF) Al

| | | Total 7 |
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Note solutions relving on calculator technology are not acceptable. nline Maths
(i) Jeaching

Bl: May be stated in the margin or seen/implied anywhere in the solution.
It does not need ta be explicitly stated.

Eg. sight of 30v/8 — 6072 is fine as is (3x—5v8) —..x* —60v2 +...
M1:  Expands both brackets so look for:
Y rax 2 +2+b —exJ8+dor X2+ a2 +2+bx2 —ex2 +d

where a. b. ¢ and d are non-zero. The x terms do not need to be collected to score this mark.
Al: 10x> — 58.1'\/-2_ + 202 or equivalent isw after a correct answer. 58\/31- 1s acceptable

Eg x° +2xV2 +2+9x> —30x/8 +25x8 = 10x% — 58x+/2 + 202 scores BIM1A1
as = 2\/5 1s correctly seen by the correct collection of the terms.
Eg x2 +2xv2 +2+9x% —30x/8 +25x8 => 10x% — 60x+/2 + 202 scores BOM1A0

8 = 2\/5 1s not correctly seen or implied as the coefficient of x 1s incorrect
(i1) On EPEN this is M1AIMIAI we are marking this MIMIMIAL

MI1:  Attempts to multiply out and 1solates the two y terms on one side of the equation.
Condone sign slips only in their rearrangement.

dM1: Attempts to make y or ky the subject (where £ 1s an integer or fraction which would simplify to an
integer). Score for y =f(x) or ky = g(x) where the function includes \/g but 1t cannot be scored

57 41\/5or o 57+41J_

for directly proceedingto y = — + —
It 1s dependent on the previous method mark.
Note y(4v3-5)=9+V3= y= _:+4_1ﬁ is M1dMO0ddMOAO

ddM1: Proceedsto y =_... with a rational denominator. The denominator does not need to be simplified.
It 1s dependent on the previous method mark. They must have shown the step of either
rationalising the denominator or showing how they achieve ky = ... and proceedsto y = ...

Al: Correct answer 1n the correct form with all stages of working seen

e C(Collects y terms on one side of the equation

e Makes y the subject

e Rationalises and proceeds to the correct answer. Somewhere in their solution they will
have had to have multiplied two brackets involving surds together and they must have
shown this being multiplied out (calculators are not allowed)

9+.3 4J§+5 363 +45+12+5\3
" 4J§+5 23

Condone solutions with invisible brackets to score full marks. provided the general method is
sound and the answer has not just come from a calculator or incorrect working.

57+413

23

Do not accept y =
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Alt(ii)]1 (main scheme alternative)
Ml1:  Substitutes y=p+ qxjg expands, collects terms. Condone sign slips.

dM1: Compares rational/irrational parts to form two equations. It 1s dependent on the previous method
mark.

ddM1: Solves 2 linear equations in p and ¢ using an acceptable method. They cannot just state the
values. Condone slips 1n their working. It 1s dependent on the previous method mark.

Al: y= 57 41 \/— (or y=2 ;’ 12 J3) with full working shown.

Alt(ii)2 Squaring and completing the square

M1:  Squares both sides and multiplies out brackets (condone slips)
eg. (48y° =723y +81=25)> +3+103y)

dM1: Rearrangesto forma 3TQ=0 (23y2 - 82\/37}-' + 78 =0). It 1s dependent on the previous
method mark.

ddM1: Attempts to complete the square and proceeds to make y the subject. It 1s dependent on the

previous method mark.
S, H 18
Al: 2—+1
y=o3 23\/_( y= J—)

Alt(ii)3 Dividing b_v«/g , then rationalising the denominator and collecting terms:

93-36' _53&\9»\ '
=305 = 5I% ¥a3
hy-375 = BBy 4|
by = 5Jay= 1503
y(U=55) =143

Y =143 (x4 3
Js

U-3F (xutsds

23

M1 for 1solating y terms on one side of the equation

dM1 for making the y the subject

ddM1 for proceeds to y=... with a rational denominator

Al Correct answer with full working shown
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Question Scheme
(a) :
a (’._lJ =).2 —rxl—rxl+i, .\Il
l'v r r A
=7 +i2—2 Al
x
2)
(b) 1 1 3-2\2
3422 3+ 2P =
_ 302 5,5
: Al
7-(242)
2)
b 1 \(. k-

e 3+7J;=P+Q\/5:>1=(P+‘]~ﬁ)(3+2ﬁ)=3P+4f1+2P\/5+3Q~ﬁ
3p+4g=1 .
2p+3g=0

 BEME SPEMSR e e
2p+3g=0 6p+9g=0
d Al
=3-22
3+2,2
(2)
(©
,f3+2 . =3+22+ =3 M1
’3*.2\[_7? 3+242
=3+2\2+3-2\2-2=_(=9) dM1
1
,fs 22 - =2
N 3+2,2 e
3)
(©)
,f3+2 2 — =2=33+42 2—1=2,/3+2 2
Alt N V2 M1
=>(2+2J§)2=4(3+2J§) M1
=4+82+8=12+8,2 v Hence true Al

%
(7 marks)
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Notes:

(a)

M1: Expands the bracket to obtain 3 or 4 terms with at least 2 correct which may be unsimplified.
Allow use of a different variable e.g. x for this mark.

Al: Correct simplified expansion in terms of 7. Accept terms 1n any order.

28

— o[ F) . .
Accepte.g. " +r~ —2 and accept »* 4{— —2 . Do not 1sw and mark their final answer.
z

Note that if a correct simplified expression 1s seen and they then re-wnite the expression

correctly in a different way then this mark should be awarded provided their expression 1s
correct.

(b)

M1: Correct process to rationalise the denominator. so look for multiplying numerator and
denominator by 3— Zﬁ or any multiple of this expression. No processing 1s required so just look
for the statement as shown above.

Al: Shows an intermediate line before obtaining 3 — 2J5

Examples of an acceptable intermediate line are:

3-22 3-22 592 3-23 .
32_(2‘/5)2’ 9-8 ° 9-6 2+6ﬁ_(2ﬁ)2= 9_6‘/5‘*6\/5—8’ i

—==19
Do not allow 3—?E as the final answer.
(b) ALT

1 . i .
MI1: Sets W =p +q\/2, multiplies up. compares rational and irrational parts to produce 2
+ 242

equations 1n p and g.
Al: Solves simultaneously showing working and obtains 3— 2\/5 >

()

-

M1: Applies their result from (a) or the correct result to | , ,3 + 2J§ —;
*P+2J§

dM]1: Depends on the first mark. Applies their result from (b) and cancels \/5 terms to achieve a
constant.

Al: Reaches the correct answer from correct work. There is no requirement to justify the positive
square root.

(c) ALT

M]1: Multiplies equation through by f3 - Zﬁ and applies JS - 2\/’3 X JB - Zﬁ =3+ Zﬁ

dM]1: Depends on the first mark. Squares both sides. May or may not have cancelled the 2 before
squaring.
Al: Achieves similar expression for both sides and gives a (minimal) conclusion.
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Note that there will be other methods for 6(c) e.g.:
1 3+242-1
. /3 22 =
B2 (32

M1: Attempts common denominator and applies J3 + Zﬁ X \/3 + 2\]: =3+ 2\/5

2+2,2 =12+8ﬁx3—2\/§=36—32=4
q/3+z,j§ 3+2,2 3-22 9-8

dM1: Squares and attempts to rationalise the denominator
" 1
So ,’3+2\/5——= 22
NERENE

A1*: Fully correct work
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