3" or — 40 5 M1 for differentiating one of the first two
terms correctly
Ixt —40 Al for both terms correct and no
additions
“Ir—40"=§ M1t depon M1 for equating their
quadratic denvative with 8
{Dernvative must be in the form
ax® — 40 or 3x* — b where a 20 and
b2
(y=)1"4""—40="4"+ l{= -95) or M1t dep on previous M1 for substituting
p= (4" _A0x"_4"4] (=97) al least one x value inlo v
NB Following through from ax” — 40 = §
ar 3x° — b= &, their x values must be
correct
Working not required, so correct answer scores full | (4, -95),(-4,97) Al both coordinates must be paired
marks (unless from obvious incorrect working) correctly
Tuotal 5 marks
(i) =2, -4 Bl
{ii) (5, -1 Bl
Total 2 marks
i3|:.':: +4x :| e T i]{.\': +4x........ ] 4 M1 for factonising —3x" +12x
or
;:r 3 stating the correct value of hor b =3
embedded in an incorrect final answer in
the form a — 3ix — efF
3[* . 1]3 "“" I x -,.]3 M1 for a correct first step o complete the
x=2) ... - =2} e square
3[* x=2) -(2 :I:I - M for a correct second step o complete
T L the square
Wa=2)1 +12.... or
3[:.1- 2 ~(2) o Joe
Working not required, so correct answer 29-3(x 2y Al oeeg ~3(x 1]" 0

scores jull marks funless from obviows
incorrect working)

Total 4 marks




|;%=~|3.r'-lcu-|:

M1

for differentiation with at least 2 terms correct

" —16x—12"=10

Ml

{dep on previous MI1) for their j—" =1
-

eg 3+ 2 x-6)(=0)

(=16} £ J(=16)° =4=3x(=12)
or (x =)

2x3

| %] 12(=10)

g

et | o

Iy
or 3 |.1.'
'

Mt

{dep on I M1}

for the correct x value (of &) — ignore other x value
OR

for solving their 3 term quadratic equation using any
correct method

(if factorising, allow brackets which expanded give 2
out of 3 terms correct)

(1M using formula allow one sign error and some

16256+ 144 \
L]

(if completing the square then as far as shown on

LHS)

simplification — allow as far as

The award of this mark implies the previous M mark

e 6 =Bxh’ =12x645(= =139)

Mlf

{dep on 1* M) for x = 6 substituled into correct
equation for curve O

OR

{dep on 1" M1 and 2 values for x) for their greatest x
value substituled into correct equation for curve O
{ignore any attempl 1o substitute their least x value)

Waorking required

(6, 139}

Al

{dep on M2 cao

Total 5 marks

(a)

fior taking out a factor of 2

e

M1

for correctly completing square

Correct answer scores full marks (unless from

obvious incorrect working)

© 49

8

Al oeeg 2{x—275) —6.125

allowa=2 b= pe c= ¥ pe
4 B
if no other marks awarded,

. 2
award SCBI for 2| I-L—I] .

ALTERNATIVE

(a)

ax’ - Ihax+ ba- ¢

for correctly expanding a{x- by - ¢

o give a’- Jhax+ ba- ¢

2ha=-1lor2ba=1land Fra—c=9

M1

fior setting up 2 equations using the
coefficient of x and the numerical term

Correct answer scores full marks (unless from

obviows incorrect working)

49

8

Al oeeg 2{x—275) —6.125

allowa=2 b= ]—I o, © = ﬂ oe
4 8

il no other marks awarded,
award SCBI for 2| x— 1 |
\ E

(b}

(23
'.4

49

[2¥]

B2t  oe, eg(5.75, -6.125)

(Bl

for one correet coordinale)

Total 5 marks




er A5—v) +3v =210 Eg 11.3_'_3‘5__.(]3 =210 5 M1 substitution of x=+5+y or y =252 xinlo
| T ‘_} T 2x +33* =210 Or & correct equation formed
r—' =5-y o —_— e e by using xy =+5+ y O y =25+ x o obtain an
2 3 equation in x only or y only
eg 517 — 20p — 160 (= 0) e 50— 30— 135 (= 0) M1 dep on previous M1 for multiplying out
or or and collecting terms, forming a three term
y—dy-32(=0) r—6r-27(=0) quadratic in any form of ax® + bx +c(=10)
where at least 2 coeflicients (a or b or ¢ are
correct
eg(v—8By+4)(=0) eg(x—x+3)(=0) M1 {dep on first M1} for a complete method to
x= solve their 3-term quadratic equation {ax” + bx
4:m 6+ Jl—6) —4=1x-27 +e)= 0); correct facl.url:iul.um or substiution
y= B b into formula {allow one sign error and some
- o 4+ ‘.‘I'] 6+ 128
simplification — allow as far ag —————
&g &g 2
(p=2) =2t =-32 (x-3f -3*-27=0 6+ 436+ 108 _
(allow ncorrect labels for x/'v) {allow incorrect labels for x'v) " 2 ) or completing the square
of forseeingx=9 y=-lory=8 y=—4
eg x+8= Sandx+-4=35 egy=5-9andy=5--3 M1t dep on previous M1 for substituting their
(correct labels for x/y) (correct labels for x/y) 2 found values of x or y in a suitable equation
(allow use of quadratic equation)
or fully correct values for the other variable
must see substitution for incorrect x/y values
working required 9, -4 Al (dep on M2)
(-3 8
Total 5 marks
(i) (30, 2) I Bl  cao
(it} (300, ) 1 Bl can
Total 2 marks

(fa(k) =) e+ 0 Or 3+1 =2 o or
23k +1)=-4 23k +1)-4
{fg[h=}3k+l 0 3k+]=2ucur

o0 or
Bl —2 ok =2

r=2(2x=4)or x=4x-8or _r_guur

3 [ M1 for @ comectexpression for Tg(k)
or fg(x) or
for fix) =2

Allow x instead of & for all marks

3k +1=2{6k - 2)0e or
Ik +1=2(2(3k +1)=4)oe or
3 +1=12k -4 oe or
3k + l_Eu-::
3

M1 depon M1 for correctly removing
the denominator to form a correct
equation
or

&
for glk) = -
or g 3

Working not required, so correct answer scores fill marks
{umless from obvious incorrect working)

C=NRF

Al oeeg 0.55(555...) rounded or
truncated
or
1.5 {must show recurring)

Total 3 marks




(i) i, 71 | | 15l
(i) (2, -1) | | 15l
Total 2 marks
10.
|:£=\|.1=r4x"—}-:[— 125" —8) 4 B2 for 3 = 4x” — 8 or 12x° - & (with no
Ldx ) other terms)
(B for one term, ie 3 = 42" or 12x° or —§)
e M1 for equating their imtal denvative
125" -8 3 with the given gradient.
Denvative must be a guadratic
(dep on B1)
Waorking not required, so correct answer . 5 Aloe Ignore v values
scores full marks (unless from obvious - E 73
incorrect working) Allow =0.83(333_ ) or & E oe
Total 4 marks
1.
{a) (a=)-4 2 Bl for (a =) -4
(b=)6 Bl for (h=) 6
(b) (p=13 2 Bl for{p=) 3
(g =145 Bl for (g =) 45
Total 4 marks
12.
' . B f o 2 . .
i {E =) 6> — 101+ 6 4 M1 at least 2 terms correct
de
[E 12¢-10 MIft it from a } term quadratic
dr
“lu-10"=5 MIft  ft dep on previous M1 awarded
Working not reguired, so correct answer 1.25 Aloe
scores full marks (unless from obvious
incarrect working)
Total 4 marks




13.

Fia) 4.5 Bloe 45, x=45 x£45
Allow anything with 4.5, HT or 41’ apart
fromr<45 x>45 x= 4_..'5 x -_'_-I-.."l
th] . : i 5 A1 ? l 'Ir'l |
LFE] (==3) or : +1 oe
i Y \7mag )7
Working not required, so correct anawer scores H] Al
full marks (unless from obvious incorrect
warking)
(c) (y=)3x" —4x)+... or y=3x"=dx+..) 4 ML 1{-111_13_:'-}:{]‘3'_‘
where ....can be number(s) or nothing
i ) Ml 12+,f144-12(8 - 3)
(v=)3x=2) cor y=Fr=2) ..] or (1=) 3 may have +
could have: y— 8= F(x=2)"..] oe rather than +
. w4 4.4 M1 ||4 .y
(x=2) = . oe or an answer of 2% i or (r=)2% 3 2 may have + rather than
Working not reguired, so correct answer scores <+ 4 Al 2 +ix
Sfull marks {unless from obvious incorrect 24 3 oceg 24 —3
warking)

s Allow candidates to swap x and y (or other letter) at any stage when finding the inverse — but

the answer must be in terms of x

Total 7 marks

14.
{a)

12 + 2x — 20

[2¥]

M1

for at least 2 of 1227, 2x, =20

Al

(b}

1262+ 2r - 20 =4 oe

122+ 2r - 24 (=0 or 6" +x— 12 (=10)

g (for — B)j{2x + 3 (= 0)
or (3x— 4){2x + 3) (= 0)
or
2+ 4J(2)° = (4x12x-24)
2x12

I=

Working required

| 4=

Fad | e

M1

ft, for equating their dw'dr to 4

M1

{dep on MI) it their dy/dx in the
form ax™ + bx (+ £)

M1

for solving therr three-term quadratie
equation using any correct method - if
factorising, allow brackets which expanded
give 2 out of 3 terms correct (if using
formula or completing the square allow one
sign error and some simplification — allow

21 JTITIS2

24 o)

as far as eg

Al

(dep on M2) oe, allow 1333 for % ,

both values — 15w any attempt to find v
coordinates

Total & marks




15.

{a) 25 | Bl oe
(b} 11 3 Ml
{ghir)=) —————i=1)
= x"+4)=5
Il-3=2Foeeg x =4 M1 correct expansion and rearrangement with x
or 3¢t —f=0 or ' —4=0 term on one side and number terms the other
side or all terms on one side in an equation
Correct answer scores full marks funfess 2 Al cao, an answer of £2 gains M2 only
from obviows incorrect working)
If no other marks awarded,
award SCB1 for answer of 2.2 oe
Total 4 marks
16.
I {a) (10, 5) 1] Bl cao
(b} (2, 5) 1 | BI can
Total 2 marks
17.
faii) (3, 109 Bl
{ii} (3. -3 Bl
(-3, 5) Bl
{1ii])
(b} [xx2) [x+3.5+2) or M1 for sight or use of (x £ 2) or
PR (x+ 1.5)or(x + 5.5)
AEt 2 .
(x=2% +T(x=2)+20 (r+35 :]-' 1.5+ Waor M1 for correct subshitution or corect
X use of {x — 2) for x into L
(x+1.5) +7.75
O =dr+d+Tr=14420 | x' +3x+225-1225+20 or M1 dep on M2
2 adre 2254775 for expanding brackets correctly
Correct answer scores full marks (unless from obvious Fadx+10 Al
incorrect working)
Total 7 marks




18.

19.

{a) 3 or =22y or

4x or % oe

M1 for differentiating one term
correctly

It —4x -9

Al for a correct expression
!
Allow 3x” =2x2x-9

(b}

M1 for finding the critical values for a
3-term quadratic using any cormect
method - if using formula or
completing the square allow one
sign error and some simplification

4+4fl6+108

f

—allow as far as eg
oe
i

3 ET 10 )
ar I:H X=— — e
3) 3

-1.19 and 2 52

Al for critical values
of =1.19 and 252 or betier
(for this Al mark allow
—12or —1.1% and 2.5

3
or —_i;‘;ﬁ oe)

Al awrt-1.19

Al awrl 252

Total 6 marks

Eg
(2x41) 4 x(2x41)=7

L

M1 for substitution of y=3+2x+1 (or

Tyl . 2 .
x= '2 Jinlo ¥ +xy=7T Lo obiain an

equation in x only (or v only)

Epg.
6x” +5x =0
Gt +5x=6

M1t dep on previous M1 for multiplying
out and collecting terms, forming a three
term quadratic in any form of ax” + bx +
c (=0} where at least 2 coefficients (a or b
OF ¢) are correct

E.g.
(2x+3){3x=-2)(=0)

or

Eg.
(y+2)(3y-7)(=0)

or

(1) 24f(-1) - 4x3x-14
e 2x3

M1t dep on first M1 method 1o solve

their 3 term quadratic using any comrect

method (allow one sign error and some

simplification — allow as far as eg

~Staf254144 1+ fl+168
or orif

12 ]

factorising allow brackets which

expanded give 2 out of 3 terms correct)

or correct values for x or

correct values for

Accept {x =) 0.6{66..) rounded or

truncated or (¥ =) 2.3(33...)

and

—=2x+lorx=
3

| b

M1t dep on previous M1 for substituting
their 2 found values of x or ¥ into one of
the two given equations

or fully correct values for the other
variable {correct labels for x / ¥)




20.

fa) -i 1 Bl allow k'
x
(b)) 46 | Bl can
(11} 3{1 Ix') &0t & — O 2 Ml
L = (K2 OF o
2-(2-3x") 2-2431" 3x'
Correct answer scores full marks junless from 7 =3t 2
. . ) - Al allow —=3oe
obvious incorrect working) - ]
Tuotal 4 marks
21.
(&) 0.5 1 Bl 1 =1 1 .
oeeg —= — — —1/2
c2 2 =2
(b (3x-51y=2 or 3y-5)x=2 or 2 M1  remove denominator or get to the stage
- 1 2 2
3.1._1 —Ja} =2 or J.'I._'L'—S.‘f=2 O O Iy-S="r Ir=5=—
- 4 x ¥
Ip—S5="or Ir=5==oe
x ¥
Correct answer scores full marks (unless from obvious 24 5x Aloe 2
r - ! - arer N - -—
incorrect working) Iy g 2 +£ or X must be in terms
3x 3
of x
e | 5x" —de) or 5[.1': —dx....... Jor 5(x-2) 3 M1
[ - 2 - Ml ¢oognt
| 7 ) 5 7 7 . :
j_“ 2) - _]:I """" or [[r i R ] =2y runhcj’ur-hrrl:él
N 3_ o=
or S(r —2F-20....... or F[f.r 21 IE'
Correct answer scores full marks (unless from obvious §(r=2 '-' 1 Al
incorrect working)
Tuotal & marks




22.

y=3(x' =4x)+7 or y= J'. JES | ar YT 2 ax + M1 [.ura curr{:-:l{:f.]ualmn for a first step to
\ L 3 3 complete the square
or y=3x=2F...
B F - oy
eg y=3((x-2)=2)47 nr_‘-_3| (x=2) -2 ‘-; ar M1
y=3x _‘b: 5 oe or
3 +5 7 M1
(x=2) "'_J’ oeeg(x=2) =——+4o0r
v+ 5
x=2=(1) o
3
Correct answer scoves full marks funless from obvious Al | NB: note only negative square root.
incorrect working) 2 oe | Must be in terms of x
any equivalent form
Note: Allow candidates to swap x and y when finding the Total 4 marks
inverse
t Irf- 122+ (7- ¥)=0 4 M1 | for a correct first step
12+, 144 —12(7 = ¥} M
[x=] -
. Ml
(x=)2% iM e
36
Carrect answer scoves full marks funless from abvious Al | NB: note only negative square root.
incorrect working) 2 oe | Must be in terms of x
any equivalent form
Total 4 marks
23.
i) (4. 7) l Bl
(i) (5, 10} l Bl
Tuotal 2 marks
24,
{ap(i) (-6, 1) 2 Bl
{ii} (-2, -4) Bl
(k) (=1, 6), (3, =2), (7. 6) Fully correct graph 2 B2 for a fully correct graph
(Bl for a V shape with least value at
(3,21
(ch 3.4 2 B2 for 2 correct values in any order
(BI for | correct value)
Total 6 marks




25.

(a) (x-37 or 3-xF or (¥—3F or(3-yF 4 M1
MLl As par of an expression in x or y or an
|4or—14 equation in x and y
3:m of 3:F M1 Canbe + or—or +
1+.414 Al oe must beinx
alt (a) | Alternative method: 4 M1  rearrange to form a quadratic inx or y
=+ (¥=-5)=0 oe or
terms can be in any order but must be
6y +(r=5)=0 in an equation equal Lo zero
] #{x=3 oe
6+ Bo—_dix—3) ft I|'5f, —d(v-5) M1 correct substitution into quadratic
y= 5 ar x = 3 formula
3z ld-x or 32 Ja—v Ml Canbe  or—or+
1+J12 Al oe must be inx
(b} xa 14 1 Bl oe muost {t from part (a) dep on an
answer in correct form
Total 5§ marks
26.
Line drawn at (2, 1) with a positive gradient M1 for a tangent drawn atx =2
that does not intersect the curve at any other
point.
M1 (dep M1) for a correct method o work out the
gradient of the tangent.
5103 Alfor 15103
accept answers in the range 1.5 — 3 so long as a
tangent al x = 2 has been drawn.
Total 3 marks

27.

x —12x+325

M1 for substituting gix) into fix)

MI fi (dep on M1) for a comrect first step in order
tor complete the square. Allow v in place of x.

or

Correctly sefting up an equation = 0

(x=6)F —6% (+25) or (x — 6F - 11
ar
2 =125 +{25 - y) =D oe or
V¥ =12y+({25-x)=0 ge
(x—6=p+1lor(y- 6 =x+11
ar

12+ B ¥ o L g
xX= og

M1 fi (dep on M2) for a correct rearrangement for
their completed the square quadratic

or

correctly substituting into the quadratic formula
(allow just + or just — instead of +)

Allow same equations with x and y swapped

Al oe must be in lerms of x and have minus only
before the square rool

Total 4 marks




28.

(a) 5 Bl cao
(b y(x=6)=2xor r(y=6)=2yar M1 for multiplyving the denominator

yx=by=2x xy=tr=2y

x(y=2)=6y v{r=2)=6x M1 for isolating the x or ¥ terms and

factorising
ik ik . .
- Al accept ———(must be a function of x)
x=2 2=)
Total 4 marks
29.

(i) s+2. 1 Bloe accept (2 + 5, 1)
(ii) (s, 31} Bloe accepl (5, 3 = fhor (s, ¢ x 3)

Total 2 marks




