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Mark Scheme

Q1.
Question Scheme Marks | AOs
Considers % B1 2.1
Expands (x+h) =x° +3h+3xh" +Ir M1 1.1b
so gradient (of chord) = 3h+ 3}:‘}12 L =3x" +3xh+h’ Al 1.1b
States as 7 —0, 3x> +3xh+h* —3x? so derivative=3x>  * Al* 2.5
(4 marks)

x+h)’-x x+0x)’ -1
( )Y —x or(\ xX) —x
ox

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

x+h) —x° :
It may also be awarded for (YH+ oe. It may be seen in an expanded form
x+h—x
It does not have to be linked to the gradient of the chord
M1: Attempts to expand (x+4)* or (x+6x)’ Look for two correct terms, most likely X +..+h
This 1s independent of the B1
Al: 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
Al*: CSO. Requures correct algebra and making a link 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

not need to be mentioned but derivative, £'(x), d_l ' should be. Condone invisible brackets for

the expansion of (x+#7 )3 as long as 1t 1s only seen at the side as intermediate working.

Requuires either

3 3
o fi{x) = GHR) =X 32 bk’ =30

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) g 3x +3xh+h =3x

e Gradient of chord = 3x +3xh+h when h—0 gradient of curve = 3%
e Do not allow 7 =0 alone without limit being considered somewhere:
so don’t accept h=0=>f"(x)=3x +3xx0+0 =3x

Q2.
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Question Scheme Marks
d J sh—
—(cosf)=—snb;as h—0, &—A Y, Mas kY |
dé h h
cos(6 +h)—cosé B1 11
h

_ cosfcosh —sin@sink —cosé Ml 1.1b

- h Al 1.1b

1 sinh sin@ +;' cosh—1 ‘|cosc9

h h
As h—0, —Slzhsinﬁ -:w‘]cosb’ — —1sin@+0cosé dM1 2.1
‘ i
d 3 : - * 2
s0 —(cosé) =—siné Al 25
dé
3
(5 marks)
Notes for Question
BI1: Gives the correct fraction such as i Gl };) L or ol of;) e0ed
(] el
Allow W o.e. Note: cos(6+h) or cos(6+36) may be expanded
+h
MI: Uses the compound angle formula for cos(6+ /) to give cos&cosh +sin&sinh

: cosdcosh —sinfsini—cosd ’

Al: Achieves 1: or equivalent

1

dM1: | dependent on both the B and M marks being awarded

Complete attempt to apply the given limits to the gradient of their chord

Note: | They must isolate Tb and | it h I and replace }—h with 1 and replace I COSh 3 with 0
Al*: cso. Uses correct mathematical language of limiting arguments to prove E( cos@)=—smé
Note: | Acceptable responses for the final A mark include:
linl f
. i(cos&} = Smhs' g+ | CoRA l sé? =—1Ismnf+0cosf =—-smé
dg h—=>0\ &
e Gradient of chord = — S siné = | o \cosé. As i — 0, gradient of chord tends to

\ B )
the gradient of the curve, so derivative is —sin&

o Gradient of chord = __S?”Smc; +l cosh—1
1

lcos &. As h—0, gradient of curve is —sin&

Note: | Give final AO for the following example which shows no limiting arguments:

whens =0, %(cosm = —%hsinc’ -[ oosk—1 lcosc? =—1sin&+0cosf = —sind

cosh

: in/
Note: [ Do not allow the final A1 for stating ¥=1 or |
1

Note: | Inthis question 56 may be used in place of /2

I =0 and attempting to apply these

Note: | Condone f'(6) where f(6)=cosé or % where ¥ =cos¢ used in place of %1 cos8)
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Notes for Question Continued

Note: | Condone x used in place of & if this is done consistently
Note: | Give final AQ for
o i(cos;x) = I - Smhsin(-? +{ - lcose ; =-1smn&+0cosf = —sinéd
dé : h—>0\ h . kW )
d
® —=__
dé
o Defining f(x)=cos& and applying f'(x)=...
d,
—(cosé@
. leoso)
Note: | Give final A1 for a correct limiting argument in x, followed by d;‘e-( cos6) =—siné
i (cosx) T Smhsinx +fc°5h_1‘|cosx\' Isinx+0cosx =—sinx
eg — = -—— — 1 ey . -
Elag 2 kol & C B oo
= i('cost9')=—sin¢9
dé :
Note: | Applying h—0, smh—hk, cosh—1 to giveeg.
im (cos&cosh —sinésink—cosé ) (cos8(l) —sinB(h)—cos& | —siné(h) .
ol h J= | A JE o
1s final MO A0 for incorrect application of limits
Note: m | cos@cosh —sinfsinkh—cosé | lim sinh . (cosh—1) )
‘ = = sin &g +‘ IcosG l
h—01\ h ) kR0l & o B o )
A (= ()siné + O0cosé) iné&. So fi t 1 hims
-fl—>0 (— (1)smné + Ocos ‘?- smé&. Sofor no ren?O\mgh_)()'
when the limit was taken 1s final A0
Note: | Alternative Method: Considers cos(6+h) —cos(0—h) \pich simplifies to Slandanh
TR G+h)—(6—h) 2h
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Qs.
dy 1 M1A1A1A1
(a) (d—J =J—3—x2 —23(2 —8x72
dx /2 2
(4)
o, 1 I M1
®)| x=4 =y —5x64—9x2 +Z+30
=32-72+2+30 =8 * Alcso
(2)
M1
(¢ x=4 = y’=i><42 —£><2—i
2 2 16
Al
=24-27- 2 = 1
2 2
Gradient of the normal = -1 +"%" M1
2 M1A1ft
Equation of normal: y——-8= 7()( -4)
Ty—2x+64=0 Al
9
Question
Number Scheme Marks
Nates
(@) | 1" M1 for an attempt to differentiate x" — !
st 2
1AL for one correct term in x
o= Ry for 2 terms 1n x correct
39 AL for all correct x terms. No 30 term and no +c.
3
®) M1 for substituting x = 4 into y = and attempting 42
Al note this 1s a printed answer
(c)| 1M1  Substitute x =4 into y_ (allow slips)
Al Obtains —3.5 or equivalent
2™ M1 for correct use of the perpendicular gradient rule using their
gradient. (May be slip doing the division) Their gradient must
have come from )’
3" M1 for an attempt at equation of tangent or normal at P
2™ Alft for correct use of their changed gradient to find normal at P.
Depends on 1%, 2™ and 3 Ms
3 Al for any equivalent form with integer coefficients
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Q4.

Question
Number

Scheme

Marks

(a)

(3=-x*)P =9-6x* +x*

An attempt to expand the numerator
obtaining an expression of the form

Qip.\': +gx'. p.g#0

M1

ox +x?

9+ x*
Must come from -
2

Al

-6

Must come from

>

X

232

(3=x")
2
then A1A

Alternative 1: Writes

as (3x™" —x)” and attempts to expand = M1

1 as in the scheme.

Alternative 2: Sets (3—x? )3 =9+ Ax? + Bx?, expands (3— x*)?and compares
coefficients = M1 then A1A1 as in the scheme.

I

(3)

f'(x)=9x" -6+x")

(b)

MI1: x" — 1" on separate terms at least
once. Do not award for 4 -0
(Integrating 1s M0)

-18x2 +2x

B, ryw g .
Alft: —18x" +2"B"xwith a numerical B
and no extra terms. (A may have been
incorrect or even zero)

M1 Alft

(2)

(c)

3
f(x)=—9x"—6x+ '—‘;-(+c)

Ml: x" 51" on separate terms at least
once. (Differentiating 1s M0)

3
Alft: —9x7' + Ax +B%(+c) with

numerical 4 and B, A.B#0

MI1Alft

-9
10="=-6(-3
3 (-3) +

(-3
3

+C SOC

Uses x =-3 and y =10 in what they think
1s f{x) (They may have differentiated
here) but it must be a changed function
i.e. not the original f'(x), to form a linear
equation in ¢ and attempts to find . No
+ ¢ gets MO and A0 unless their method
implies that they are correctly finding a
constant.

M1

Cs0

Al

3
(f(x)=)-9x7' —6x +_x_3__ + their

c

Follow through their ¢ in an otherwise
(possibly un-sumplified) correct
expression.

-1

9 i i
Allow-— for —9x!oreven :
I -—

Alft

Note that if they integrate in (b),
use their integration in (c), th

no marks there but if they then go on to
e marks for integration are available.

(6))

[10]
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Online Maths

Q5- Teaching
o e il
2 4 18 2(x*+5)+4(x+2)-18
(a) + — - —= X EI)L (}+ ) MI1Al
x+2 x +5 (x+2)(x°+5) (x+2)}x"+5)
2x(x+2)
= 11
(x+2)(x~+95) .
- Al*
(x* +5) E
4)
2 BN 9y
(b) T LR L 3 M1Al
(x~+5)
e
h'(x)=l—0-,;",- cs0 Al
(x*+5)
(3)
(¢) Maximum occurs when h'(x)=0=10-2x*=0=>x=.. M1
=x=4/5 Al
(¢) Maximum occurs when h'(x)=0=10-2x’=0=>x=.. M1
=x=45 Al
g
When x=+/5 = h(x) =£ M1.Al
g
Range of h(x)1s 0<h(x) < JT— Alft
(5)
(12 marks)
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(a) M!  Combines the three fractions to form a single fraction with a common denonunator.
Allow errors on the numerator but at least one must have been adapted.
Condone “mnvisible” brackets for this mark.
Accept three separate fractions with the same denomunator.
Amongst possible options allowed for this method are

2 +5+4x+2-18 Eg | An example of "mvisible’ brackets
(x+2)x" =35

AeS) 4 ~ 18 Eg 2An example of an ervor (on middle term), 1% term has been adapted
(xe2)x +5) (x+20x"+5) (x+2)(x"+3)

207 45 (x4 2+ x4 (" + 5) ~18%x" + 5)x+ 2) £g 3 An example of a correct fraction with a differeat denomunator
(x+2)(x +5)

Al Award for a correct un sumplified fraction with the correct (lowest) common denominator,

2 +5)+ Hx+2)-18
(x+2)x* +5)

Accept if there are three separate fractions with the correct (lowest) conunon denominator.
Eg _2°+5) . &x+2) __ 18

(x+2(x"+5) (x+2)x"+5) (x+2Yx"=3)

Note. Example 3 would score M1AO as 1t does not have the correct lowest common denominator
M1 There must be a single denominator. Terms must be collected on the numerator.
A factor of (x+2) must be taken out of the numerator and then cancelled with one in the

denomunator. The cancelling may be assumed if the term ‘disappears’
2

Al*  Cso c :.x 5 This 15 a given solution and this mark should be withheld if there are any errors
X*+5
(b) M1 Applies the quotient rule to ( — 5 a form of which appears in the formula book.
X" 4+3

If the rule 15 quoted 1t must be correct. There must have been some attempt to differentiate both
terms. If the rule is not quoted (nor implied by their working. meaning terms are written out

.

vt v v= L followed by their dal a7 TR, only accept answers of the form
3

(x* +5)x A—2xx Bx
G* +3)

Al Correct unsimplified answer p'(x)w

where 48>0

(x* +5)%x2-2xx2x
(1‘-1»5)l

Al pw 21022 The correct simplified answer. Accept 3‘?‘-‘:‘) 20-5) _ 10-2¢
5 (x*+35) (F=5F  (x*+10x +25)

DO NOT ISW FOR PART (b). INCORRECT SIMPLIFICATION IS A0

(¢) M1  Sets their h'(x)=0 and proceeds with a comrect method to find x. There must have been an attempt
to differentiate. Allow numerical errors but do not allow solutions from “unsolvable’ equations.
Al Finds the comrect x value of the maximum pomt x=\'5.
Ignore the solution x=-1/5 but withhold this mark if other positive values found.
M1  Substitutes their answer into their h'(x)=0 in h(x) to determine the maximum value
25

but not 0.447

g
Al Cso-the maximum value of h(x) = g . Accept equivalents such as

5
Alft Rangeofh(x)is 0<h(x)=< £ . Follow through on their maximum value if the M’s have been

_,/;_ [O.g]bmnot Os.:sis‘;-. [oﬁ]

<
scored. Allow 0<y< —\/‘: . 0<Range=< .

If a candidate attempts to work out I (x) in (b) and does all that is required for (b) in (c), then allow.
Do not allow /™' (x) to be used for h'(x) in part (¢ ). For this question (b) and (¢) can be scored together.
Alternative to (b) using the product rule
Ml Sets h(x)=2x(x*+5)" and applies the product rule vu'+uv" with terms being 2x and (x¥*+5)"!
If the rule 1s quoted it must be correct. There must have been some attempt to
differentiate both terms. If the rule 1s not quoted (nor implied by their working. meanng
terms are written out u=... u'=, . v=_ v'= _ followed by their vu'+uv’) then only
accept answers of the form

(x> +5) ' x A+ 2xx+Bx(x*+5)

Al Correct un simplified answer (2 +8) %24 2xx=2x(x" +5)

Al The question asks for h'(x) to be put mn its simplest form. Hence in this method the terms need
to be combined to form a single correct expression.

For a correct simplified answer accept
=2x'  2(5-x) -2x'-§ P IR
10-2x &20-%) _Ux =9 _qo-23)(+9)°
(x*+5) (x*+5)

hx)=

-

(x* +5)°
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Q6.

@
Ml

Al
Ml

Online Maths
Teaching

Question Scheme Marks
(@) R = 243
X +x—6)x4 +x -3x*+7x—6
2 -6
3x+7x-6 M1 Al
3x’ +3x-18
4x+12
P+ -32+7x-6 , 4(x+3)
=x +3+— M1
x> +x-6 (x+3)(x-2)
» 4
=X +3+(\__2) Al
4)
4
f'(x)=2x-
(b) (x) -2y MIlAlft
Subs x=3 mto f'(x=3)=2x3- 2 —=(2) Mi
(3-27
Uses m =—% = (—%) with (3, f(3)) =(3.16) to form eqn of normal
v—16 =—%(x—3) or equivalent cso | M1A1l
(3
(9 marks)

Divides x* +x° —=3x* +7x—6 by x> +x-6 to get a quadratic quotient and a linear or constant
remainder. To award this look for a minimum of the following
.\'2 (+..x)+4
X +x—6)x* +x =3x"+7x-6

3 2
Heroed

(Cx)+D

If they divide by (x + 3) first they must then divide their by result by (x—2) before they score this

method mark. Look for a cubic quotient with a constant remainder followed by a quadratic quotient
and a constant remainder

Note: FYI Dividing by (x+3) gives x’ —2x” +3x—2and (¥’ —2x* +3x-2)+(x-2)=x"+3
with a remainder of 4.

Division by (x — 2) first 1s possible but difficult.... please send to review any you feel deserves credit.

Quotient = x° +3 and Remainder = 4x+12
Factorises x° +x—6 and writes their expression in the appropnate form.
( x*+2° -3x* +7x-6 Their Linear Remainder
2 +x-6 (x+3)(x-2)

It 1s possible to do this part by partial fractions. To score M1 under this method the terms must be
correct and 1t must be a full method to find both "numerators"

) = The1r Quadratic Quotient +
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Al X +3+ o or 4 =3.B=4but don't penalise after a correct statement.
x=2
®)
M1 x>+ A+ —2x%
x—2 (x-2)*
If they fail in part (a) to get a function in the form x° + A+ 2 5 allow candidates to pick up this
x=2
method mark for differentiating a function of the form x* + Px+Q+ Ii.-\' ++Z§ using the quotient rule oe.
At x*+A4+ == 2 —oe. FT on their numerical A, B for for x* + A+ only
x-=2 (x-2)* x=2
M1  Subs x=3 into their £'(x)1in an attempt to find a numernical gradient
M1  For the correct method of finding an equation of a normal. The gradient nust be _th';f'(:a’) and the
eir
point must be (3.f(3)). Don't be overly concemed about how they found their f(3). 1e acceptx=3 y =.
Look for y—£f(3)=— f':3) (x=3) or (y—£(3))x—1£'BF)=(x-3)
If the form y =mx+c 1s used they must proceed as far as ¢ =
Al cso y—16= —%( x—3) oe such as 2y + x—35 = 0 but remember to 15w after a correct answer.
Alt (a) attempted by equating terms.
Alt (a) e -3x7 +7x-6=(x* + A)(x* +x-6)+B(x+3) M1l
Compare 2 terms (or substitute 2 values) AND solve simultaneously ie M
X’ =>4-6=-3. x=>A+B=7. const=—6A+3B=-6 .
A=3,B=4 Al Al

1st Mark M1 Scored for multiplying by (x* + x—6) and cancelling/dividing to achieve
x4 -3 +Tx-6=(x? + A)(x* +x—6)+B(x£3)
3rd Mark M1 Scored for comparing two terms (or for substituting two values) AND solving simultaneously

to get values of 4 and B.
2nd Mark Al Either 4 =3 or B =4. One value may be cormrect by substitution of say x =-3

4th Mark Al Both 4=3andB=4
Alt (b) is attempted by the quotient (or product rule)

ALT (b) o (x2 +x-6‘)(4x3 +3x° —6x+7)—(x4 +x° -3x7 +7x-6)(2x+1) MiA1l
x)= -
(x3 +x—6)'
M1
Ist 3 Subs x=3 nto
marks

. vu'-uv' . 2 s
M1  Attempt to use the quotient rule — with = x+x-3x"+7x—6 and v=x+x-6 and
v

(x* +x—6)(..x3 ........ )= (x* +x* =3x7 +7x-6)(..x.)

achieves an expression of the form f'(x) =

( x> +x-6 )2
Use a similar approach to the product rule with #=x"+x" —3x* +7x—6 and v= (_vc2 +Xx— 6)_1
, c+12
Note that this can score full marks from a partially solved part (a) where f(x)=x" +3+ —%
X" +x—
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Q7.

(@)
Bl

(b)
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%uue;lg(;? Scheme Marks
@ | p=ax® or(27) B1
@
, sz e S 4 ;
(b) x=(4y—smn2y) :>;=2( 4y—sn2y)(4—2cos2y) MI1Al
x., & - ‘
Sub y== into o =2(4y—sin2y)(4—2cos2y)
:3—9497 754y 1 Bl g013) M1
P e et )
- x 1 2
Equation of tangent y_?:m(x—-u ) M1
Using ,_x_ 1 (. Withx=0= _v=§ cso M1, Al
24x :
©6)
(7 marks)
Altl(b) x=(4y-sinly )2 = x9% =4y —sin2y
dx MIA1
=0.5¢ 7 =4-2cos2y
dy
.-\lt(b) Ll ,2_ )y ")g__.z')y
I X —(163 8ysmm2y+sin- 2) )
=1= 32}'%— 8sin 2_\'%—16}" cos Zy%ﬁ- 4sin2ycos 21% MIAl
Or 1dx=32ydy-8sin2ydy—16ycos2y dy+4sin2ycos2ydy

. \2
p = 4x* or exact equivalent (27)

Also allow x = 47x*
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M1

Al

M1

M1

M1

Al

Online Maths

Uses the chain rule of differentiation to get a form ' Teaching
A(4y-sin2y)(B=Ccos2y), A.B.C =0 onthernghthand side
Altematively attempts to expand and then differentiate using product rule and chamn rule to a

formx=16)” —8ysin2y+sin’ 23!)%=}§'iQsin2yiR;rcos23"|_'Ssin2).'c0523-' PORS=0

A second method 1s to take the square. root first. To score the method look for a differentiated

expression of the form .l R Qcos2y

A third method 1s to multiply out and use implicit differentiation. Look for the correct terms,
condoning errors on just the constants.

dx o

—=2(4y—sm2y)(4-2cos2y)o A L with both sides
dy dr  2(4y-sin2y)(4-2cos2y)

correct. The lhs may be seen elsewhere if clearly linked to the rhs.

In the altemative % =32y—8sm2y—16ycos2y+4sm2ycosy

Sub y =£into their %or mverted % Evidence could be mimimal. eg = .’:_: o=
2 2 y

It 1s not dependent upon the previous M1 but 1t must be a changed x=(4y -sin2y )

»,
Score for a correct method for finding the equation of the tangent at ('477‘ ',7) :

T 1 o g
Allow for J"—;= (x—the:rain‘)
2 their numerical (f%)
by
Allow for [1'—5 x thetr mumenical (d‘dw —(x—theira‘iir:)
1

y——=

re—

Even allow for X —P)

It 1s possible to score this by stating the equation y = ,)1—_( X +c aslong as ( 4r .7J 1s used
) \ s

m a subsequent line.
Score for writing their equation in the form y =»oc+c¢ and stating the value of 'c’
Or setting x =0 1in their y X 1—(x 4x’ ) and solving for y.
2 24x
Altematively using the gradient of the line segment 4P = gradient of tangent.
Eoy

4r’ 247
At this stage all of the constants must be numerical. It 1s not dependent and 1t 1s possible to
score this using the "incorrect” gradient.

Look for 2— = y =.. Such a method scores the previous M mark as well.

¥ §
cso y -? Youdonothaxetosee(o 3)
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(12\7\115:1::? Scheme Marks
M@ | y=2x(x —l) =>3—1—(x -1) "x2+2xx10x(x* 1)’ MIA1
dy ;2 a2 .
:>$=(_x —1) (2% =2+420x" ) =(x* ~1)" (225 -2) M1 Al
C))
(b) ﬂ...o:(llx: 2)..0= critical values of + M1
dx J_
st i Al
2
d'\ 2 Y ) 2
(ii) x=In(sec2y)=> —= ~—x2sec2ytanly Bl
dy secly
g dy 1 2 1 . 1
dx  2tanly ngec: 2y-1 W e M1 M1 Al
C)]
10 marks
Alt 1 (i) | x=In(sec2y) =sec2y=¢"
= 2sec2ytan 2\d—‘ =g B1
dx
= d_l = < < 1 MIMIAL
dxr 2sec2ytanly 2e Jsec 2y-1 wJelx_l e
4)
1 dy 1 1 o
Al 2 i) | ¥ =5arccos(e” )=’5=‘?X (= ; A~ BIMIMI
= < —(e
dy 1
PR, & s Al
dx 2\/e"'—l
“4)
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@)
Ml

Al

M1

Al

®®)
Ml

Al

(1)
B1

M1

M1

Al

2 5 (9 4
Attempts the product rule to differentiate 2x(x* —1)° to a form z‘l(x‘ —1) + Bx" (x‘ = l) where n=1 or 2.
and 4. B =0 If the rule 1s stated 1t must be correct, and not witha "—" sign.
d.‘ 202 4
Any unsimplified but correct form g =2(x" —1) +20x7 (x —l)
X )

. , 4 : .
For taking a common factor of (x: - l) out of a surtable expression

Look for A(x2 —1)5 + Bx" (vx2 —1} (.X - 1) { (x -1 ) + Bx" } but you may condone missing brackets

It can be scored from a vi/'-i10' or simular.
:\%J = (.\'2 —l)+ (221‘2 -2 ) Expect g(x) to be simplified but accept % = (x: —1)4 2(1 Ix* —1)

There 1s no need to state g(x) and remember to 1sw after a correct answer. This must be in part (a).
Cody dy o 2 2
Sets their d_ .0,>0 or d;=0 and proceeds to find one of the critical values for their g(x) or their
X x

%= 0 rearranged and —( x -1 )4 if g(x) not found. g(x) should be at least a 2TQ with real roots. If g(x) 1s

4
factorised. the usual rules apply. The M cannot be awarded from work just on (x2 - 1) ..01e x=z=1

You may see and accept decimals for the M.
1 1

ca0 x..— X., ——= or exact equivalentonly. Condone x.. — x.. with x...1x ,, —1
1T ! ‘ T
.ﬁ ,ﬁ ( f ,
Accept exact equivalents such as x. X | | [ | oo,—_li X o J
B e 7 Nyl T e T

Condone the word "and" appearing between the two sets of values.

Withhold the final mark 1f x. : appears with values not in this regioneg x.. Lx...—1

ol

dy dx
Differentiates and achieves a correct line involving d—or 7=
ly
1 dx 1 ) L dy .
Accept —= x2sec2ytanly, —=-— x=2sin2y 2sec2ytanly—=e"
d\ sec2y dJ cos2y ;

: : ; : dx g ; dy
For inverting their expression for e to achieve an expression for =
Ly x

The variables (on the rhs) must be consistent. you may condone slips on the coefficients but not the terms.
In the alternative method it 1s for correctly changing the subject

. X ) 5 dy dx
Scored for using tan” 2y =flxsec” 2y and sec2y =e" to achieve d—ord— n terms of x
x dy

. s s : , - y dy  dx .
Alternatively they could use sin” 2y +cos™ 2y =1with cos2y=e™ to achieve T ord— in terms of x
5 :

For the M mark you may condone sec’ 2y =(e* ) appearing as *

cs0 da‘ = % Final answer. do not allow if students then simplify this to eg. i—: = 2e’l—l
d\; 1 d] 1

Condone — =t*———— butdonot allow —=——F——=
dx T2 -1 de 27 -1

Allow a musread on x = In(sec y) for the fwo method marks only
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Q9.
Question Scheme Marks
Number
(a) x2—9=(x+3)(x—3) B1
4x —5 2x
Rx+1)(x—-3) (x+3)(x—3)
__ (4x-5)(x+3) 2x(2x+1) M1
T (2x+1)(x—-3)(x+3)  (2x+1)(x+3)(x—3)
B 5x — 15
C(2x+ D(x—3)(x+3) MLl
. 5¢0—3) _ 5 3
T 2xt0)(@23)(x+3)  (2x+1)(x+3) 4
6))
(b)
FiEl= 2x2.4+7x +3
. —5(4x+7)
fl(x) = _ : _ MIMI1AI
(2x2+7x + 3)
; 15 MIAL1
Fre-n=-=
+
Uses mnp=-1 to give gradient of normal=14—s M1
5
y—(=3) g OB Ml
Bl P i
y +-z— = -14;()( + 1) or any equivalent form Al
(8)
13 Marks

Online Maths
Teaching
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Question Scheme Marks AOs
() = T 2(x® +4)-2x(2x-3)
f(x)= P =f'(x)= ———
0w (x*+4) M1 1.1b
& Al 1.1b
£(0) =(2x=3) (2 2 4) S F ) BHFIAY T <92 -3) (2 44)"
? -2x* +6x+8
)= Al 1.1b
(x*+4)
3)
(b) Blft
2x7+6x+8=0=2(x+D(x-49)=0=>x=-14 (Mlon | 1.1b
EPEN)
Chooses correct region for their numerator and their critical values M1 1.1b
x<—lorx=4 Al 2.2a
3)
(6 marks)
Notes

(a)
P(x"+4)-0x(2x-3)
MI1: Attempts the quotient rule to obtain an expression of the form —————————- ~P,0>0
(x"+4)
condoning bracketing errors/omissions or minor slips (e.g. 2x+3 or x +4).
2(x" +4)—-2x(2x-3)

(x*+4)

provided an incorrect formula 1s not quoted.

Condone. e.g. {f'( x) =}

x -1 \ :
May also see the product rule applied to (2x—3)(x” +4) to obtain an expression of the form

{f'( x) =} P x> +4 ]-l -Ox(2x-3)(x*+4 :'-: P.Q >0 condoning bracketing errors/omissions

or miunor slips (e.g. 2x+3 or x+4)
Al: Fully correct differentiation in any form with correct bracketing which may be implied by
subsequent working.

, 2x*+6x+8 L ) . i
Al: f'(x)=—————— or simplified equivalent. e.g. numerator terms in a different order.

(x*+4)

Allow recovery from “invisible™ brackets earlier and apply 1sw once a correct answer 1s seen.

Note that the complete form of the answer 1s not given so allow candidates to go from e.g.

2(x° +4)-2x(2x-3) _2x*+6x+8 _ -
— —— for the final mark. The denominator (x~ +4)

f'{x)= 5
(x*+4) (x*+4)

may go ‘missing  on an intermediate line provided it is present in their initial derivative and
recovered 1in the final answer. Allow recovery from incorrect expansion of the denominator.

; : dy
The f'(x)= must appear at some point but allow e.g. " A
2
‘ : -2(x*-3x-4) _ o
Note that juste.g. f'(x)= — without sight of a correct derivative in the correct
(x*+4)

form scores AQ.
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Bl

inequality, finding the correct, real critical values for their 3TQ.

The ... 0 may be implied by their method.

They must show their working for this mark. so expect to see factorisation, substitution into the
correct quadratic formula or completing the square.

Correct values for their quadratic do not 1mply this mark.

Approaches via factorisation must have completely correct factorisation, e.g.

-2x* +6x+8{=0} = 2(x+1)(x—4){=0} = x=—1, 4 scores Blft

—2x* +6x+8{=0} = (2x+2)(4—x){=0} = x =—1 4 scores Blft

—2x2+6x+8{= 0} ol —3x—-4{=0} = (x +D)(x—4){=0} = x=—1. 4 scores Blft
953 +6x+8{= 0} =2x+ 2)(x—4){= 0} = x=-1, 4 scores BOft

-2x* +6x+8{=0} = (x+1)(x—4){=0} = x=—1, 4 scores BOft

M1: Selects the “correct” region for their critical values and their a from part (a). Must be x not f{x)

Al:

CVs may have been found using a calculator and may be implied if they are correct for their
3TQ. CVs may be incorrect due to errors in their calculations (but not errors in their method).
e For a<0 androots & < ff theyneedeg. x<a. x> ff (oreg x,, aorx...[3)

e For a>0 androots @ < ff theyneedeg. o <x<f (oreg. x...a, x,, f)

Do not be overly concerned about their use of =, = _ < in reference to their -2x* +6x+8...0
for this mark or for the A1.

Indicating the region on a sketch 1s not sufficient. Allow . /or/and/ 'V / M for the M1.

If they have complex roots (or they use the discriminant to find there are no real roots) then
they can score this mark for concluding:

e 1fa <0, “all values for x (have f decreasing)” or “f 1s always decreasing” or x € R

e 1fa>=0, “no values for x (have f decreasing)™ or “f 1s never decreasing™
Correct solution x < -1 orx = 4 (allow x,, —1or x ...4) coming from the correct numerator.

Do not 1sw if they go on to select e.g. x > 4 or combine incorrectly to 4 < x << —1

Allow full marks to be scored 1n (b) from an incorrect denominator (but 1t must be positive for
. =2 6x+8 v —2x* +6x+8 : —2x* +6x+8

all x), e.g. from £'(x)=——— = or f/(x)="2 2" o f(x)= o

(x+4) 4x x"+16

Examples: Just “x < —1 or x > 47 stated scores BOM1A1l

—2x7 +6x+8{=0} = —2(x+1)(x—4) =0= x < —1,x > 4 scores B1ftM1Al

-2x* +6x+8{= 0}= x° —3x—4{= 0} = x+D)(x-4)=0=>x., —1, x..4 scores BIiM1A1l

-2x% + 6x+8{= 0} = 2x+2)(x—4)=>x<-1, x> 4 scores BOftM1A1

22X’ +6x+8<0=>x"-3x—-4<0=(x+1)(x—4) <0= x<—1,x> 4 scores BIfM1AL1 (as
this has correct factorisation shown, the region follows from @ < 0 (M1) and we condone
reference to x° —3x—4 <0 as part of their working to find critical values (A1).)

Acceptable notation: allow a “.” . “or” , “and” or “U 7 to link the two regions, which may
also be in setnotation. e.g. x<-lorx>4 ; x, -1, x..4 ; x<-land x>4

x, -lux..4; {x:x<-1lux>4} ; {xell :x,, - Jufxel:x...4 ;
xe(—wo,-1)u(4,¢) ; (—0,-1]u[4,x) etc.

Do not accept 4 < x < —1 or use of the N symbol e.g. (—0,—1]"[4,%) for the final mark. but
they may be condoned for the M1. Note also that [0, —1][4, %] scores A0.
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Note: 1t 1s possible to score BOM1A1 in this question due to the demand to “use algebra™. | =
Note: if their numerator from (a) 1s not a 3 term quadratic then no marks can be scored in (b).

ft: Uses algebra to solve their ax’ +bx+c...0 with a,b,c # 0 where .. is any equality or
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Question
Niimber Scheme Notes Marks
x=3t-4, y=5—g, >0
@) %=3, %=6r'2
e D Gioiiei iy ek 2 o give: X S termeof
dr dt dx Mi
y 6 € 2 ) dy
e AN J——),— U= —_)l or their Y multiplied by their Y to give > in terms of t
a3 | 3 | dt dx ¢
——, simplified or un-simplified, in terms of 7. See note. | Al isw
: ; — dx dy - (2]
Award Special Case 1 M1 if both o and e are stated correctly and explicitly.
Note: You can recover the work for part (a) in part (b).
Writes Q in the form 4 - , and writes d_y asa
(a) y—S_l_szdy_ 18 B 18 dx (x+4) dx M1
Way 2 x+4 de (x+4) (1) _ __function of £.
Correct un-simplified or simplified answer, g
: Al 1sw
in terms of £ See note.
(2]
1 5 5 5 .
(b) t=5: P —5-,—7 X = 7,,!2— 7orP—;,—7 seen or implied. | Bl
d 2 ; dy
Ey -3 and either Some attempt to substitute 7 = ().5 into their E}
-“ ok .- which contains 7 in order to find sz and either
o« yor-7"="8"(x-"-%) , _ Y
& applies y - (ther y, ) = (their m_ ) (x ~ their x,,) [ M1
e "-T"= ("8").(" 3") ke or finds ¢ from(their y,) = (their m Ytheir x ) + ¢
So, y = (their m )x +"c" and uses their numerical ciny = (their m)x +c
T: y=8x+13 y=8x+13 or y=134+8x | Al cso
Note: their x,, their y, and their m, must be numerical values in order to award M1 [3]
[ x4 6 imi
© { ¢ - >1[ y='5 — An attempt to eliminate 7. See notes. | M1
Way 1 [ 3 ] Achieves a correct equation in x and y only | Al oe.
B 8 _NAxta-1¥
’ x+4 x+4
So, y= ek 2 y {x >-—4} y= X+2 (or implied equation) | Al cso
x+4 x+4
3]
© J 6 18 An attempt to eliminate 7. See notes. | M1
Way 2 l’ 5 y J} R ¥ = Achieves a correct equation in x and y only | Al oe.
@+ DHE- =18 = 5x-xp+20-4y=18
. 5k + 2 S5x+2 . ; )
{_> Sx +2=px+ 4)} So, y= y {x >—4} y= (or implied equation) | Al cso
x+4 x+4
[3]
Note: Some or all of the work for part (c) can be recovered in part (a) or part (b) 8
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alala
guuf::lt;eorn Scheme Notes Marks
A full method leading to the value Ml
(© 3al ~Aa+b  3al Aa-b da-b cqve of a being found
; y= = — = q a= T
Way 3 ¥-4+4 X X 3 y=a_4“3tb s =5 | A1
4a-b
3 =6 = b=4(5)-6(3)=2 Both g=5 and b=2 | Al
B3]
Question Notes
6
a Note ; :
@ Condone dy ’_ for Al
dx 3
: : ’ 2 dy .
Note You can ignore subsequent working following on from a correct expression for Y in terms of .
dx
b y Using a changed gradient (i.e. applyi - or — or | their ¥)) is MO.
® | Note & 2 changed gradicat (e applying g o oy (their 2))
Note Final Al: A correct solution is required from a correct %
Note Final Al: You can ignore subsequent working following on from a correct solution.
() Note I'M1: A full attempt to eliminate £ is defined as either
e rearranging one of the parametric equations to make f the subject and substituting for ¢
in the other parametric equation (only the RHS of the equation required for M mark)
e rearranging both parametric equations to make f the subject and putting the results equal
to each other.
Note Award M1A1 for SL = % or equivalent.
_ }l
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I%::; g;n Scheme Notes Marks
x=d4tanr, y=5V3sin2, 0<r<Z
Either both x and y are differentiated
dr J— correctly with respect to 7
(a) — =4sec’t, —=10 3cos2t ... L«
Way1 dr or their Edmded by their = Ml
_ = iy T . dt
dy 10J§ cos2t 5 or applies — multiplied by their —
= —=—=————"—— {= =+3 cos2scos’t dt dx
dx 4sec’t 2

Correct (C'anbeunphed) Al oe

[rs6.3) J}

/ 3

dependent on the previous M mark

d 10J§ cos(& Some evidence of substifuting M1
dr 4sec (5 .) t=2ort=60 into their &
3 dx
. 3 15
Y )3or—13 —%3(”—163 Al cso
dx 16 16_\/3 2
from a correct solution only
[4]
(b) {IOwﬁcos.?r—O:N_%}
: (x)
At least one of either x = 4tantz )
') ) ,
So x=4tan[— .y=5 3sm [— " Y, Mi
~4J 4J y=5w/§sin{2[§]} or x=4or }'=5‘£
or y=awrt8.7
Coordinates are (4, 53 (4.543) or x=4.y=5\/g Al
[2]
6
Question Notes
) 10v3cos2t
(a) 1*Al Correct % Eg m or S 3 cos2tcos’t or —J— 3cos’ t(cos® t—sin’ 1)

or any equivalent form.

15
Note Give the final A0 for a final answer of __J— 3 without reference to ——J_ m;

Note Give the final A0 for more than one value stated for d_l
X

(b) Note | Also allow M1 for either x = 4tan(45) or y = 543 sin(2(45))
Note M1 can be gained by ignoring previous working in part (a) and/or part (b)
Note Give A0 for stating more than one set of coordinates for O.

Note Writing x=4, y= 5\5 followed by (5J§ 4) s AO.
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IC\ZI::; E;n Scheme Notes
x=4tant, y=5V3sin2t, 0<r<Z
.(a)_., tanf=— = smnf = cost = : :3=4: ci
Way2 (x> +16) (x* +16) x*+16
u= 40s/§x v=x+ 16}’
du dv
Loz T
 dx dx }
+A(x* +16) + Bx® Mi
& 40303 +16)= 2x(40V3x) . 40J3(16-x%) (+16)
dr (x* +16)° l- (x? +16)° &
Correct -(-1— simplified or un-simplified | Al
X
dependent on the previous M mark
dy  4043(48+16)—80v3(48) Some evidence of substituting &
dx (48+16)° x = 43 into their %
- 5 15
dy 5 15 <=3 a'~-
_—= = BT Al
& - T g 10 ol S
from a correct solution only
, [
() B ol 3[ x) \
Way 3 ) —D«Esm(han 4J‘
. dy fol Y 1
: ) pw PO 9 —= % Acos| 2tan™ | — [ - :] Ml
d;‘=5\/§cosi2tan'l(lp — (l] dx l L4JJ 1+x°/
dx \ \ 4 J 1+(.\: )- 4 dv
& Correct d_ simplified or un-simplified. | Al
E
dependent on the
dv , ot i % C D11 previous M mark
b A Sw/;cos‘ th'l(ﬁ))[;][ —] o 5\/§l _—} —]l—] Some evidence of substituting | @M1
dx . N1+3/1 4 \ 2/\2/\4 v
X= 4‘5 into their —
m.
= 3 15
. 15 2 =
__3 - Tl 16¥3 | Al cso
dx 16 16v3 .
from a correct solution only
[4]
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Q13.

Question Scheme Marks AOs

(a) 5 dJ/
Attempts —2 =-£df Ml | L1b
dy/
dt
in2
BB s Blest) Al | L1b
dx sint
(2)
in2
®) " Q:@:(—,ﬁ) M1 | 21
3 dx sint
: S
Uses gradient of normal = _W— ﬁ M1 21
dx
Coordinates of P = (—l,—@) Bl 1.1b
Correct form of normal y+£ =L(x+l) M1 2:3
2 B
Completes proof = 2x—23y—-1=0 * Al* | 1.1b
(&)
© Substitutes x = 2cos f and y = /3 cos 2t into 2x=23y-1=0 M1 3.1a
Uses the identity cos2f=2cos”7—1 to produce a quadratic in cost M1 3.1a
=12cos’t—4cost—5=0 Al | 11b
Finds cost=-§,>§ M1 24
x : D
Substitutes their cost =gmto x=2cost, y =«/§ cos2ft, M1 1.1b
R
= —.—f3 Al 1.1b
Q (3 18 J
(6)
(13 marks)
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Notes:

(@)

dy

ra and achieves a form k& Slfl 2
/ir sint

double angle identity for cos2f and achieve a form &

MI1: Aftempts :A—\ = Alternatively candidates may apply the

sintcost
sint

. 3sin2¢
Al: Scored for a correct answer, either J_— or 2.f3cost
sinf

(b)

o 27 . o dy . '
M1: For substituting 7 = Tf[ in their d—‘ which must be m terms of ¢
x

MI1: Uses the gradient of the normal 1s the negative reciprocal of the value of 3—‘ . This may be
X

seen in the equation of /.
N

B1l:  States or uses (in their tangent or normal) that P = [ -1 ———7—}

L ; 3 h
M1: Uses their numerical value of —l/% with their (—1. —#] to form an equation of the

normal at P
Al*: This 1s a proof and all aspects need to be correct. Correct answer only 2x—2/3y—1=0

(©

M1: For substituting x =2cos fand y = \/3 cos 2t into 2x—24f3y—1=0 to produce an equation
in . Alternatively candidates could use cos2f =2cos’#—1 to set up an equation of the form
y= AP +B.

MI1: Uses the identity cos2f=2cos’t—1 to produce a quadratic equation in cost
In the alternative method it 1s for combining their y = A"+ B with 2x—23 y—1=0to get
an equation in just one variable

Al: For the correct quadratic equation 12cos’f—4cost—5=0
Alternatively the equations in x and y are 3x* =2x—=5=0 12«/3 y +4 y- 7d3=0

M1: Solves the quadratic equation in C0S/ (or x or y) and rejects the value corresponding to P.

M1: Substitutes their coss = % or their r= mccos(%} mx=2costand y= «/gcos 2t

If a value of x or y has been found 1t 1s for finding the other coordmate.

5
Al: Q=(§.§«/§}.Aﬂow K=

W |

7 : :
Y= Eﬁ but do not allow decimal equivalents.
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Question
Nsiher Scheme
@) Either: (Cost of polishing top and bottom (two circles) is )3x 2772 or (Cost of polishing Bl
curved surface area 1s) 2 x 2z7rh or both - just need to see at least one of these products
3 157 T A
Uses volume to give (7 =)— or (h=)— (simplified) (if V' is misread — see below) | Blft
are r
3 75 - Substitutes expression for 4 into area or
(C)=6xr" +4zr == : cost expression of form 47° + Brh Ml
3007 ' Al*
C=6rr’+ *
i @
dc 3007 2 3
®) {Fr- —} 127r 3 or 1277 —300x7r™ (then isw) M1 Al f
127r — 308”:0 so r* =value where k=+2+3 +4 o
r
Use cube root to obtain 7= (their32)’ (=2.92)- allow r=3, and thus C = ddM1
Then C = awrt 483 or 484 Alcan -
d*c 600 -
(©) — =7 127 + S > 0 so minimum Bift
dr- r 1
(1)
[10]

Notes
(a) Bl: States 3x 277" or states 2x 27zrh
B1ft: Obtains a correct expression for # in terms of 7 (ft only follows misread of V)
M1: Substitutes their expression for / into area or cost expression of form 4r° + Brh
Al*: Had correct expression for C and achieves given answer in part (a) including “C =" or “Cost="and no
errors seen such as C = area expression without multiples of (£)3 and (£)2 at any point. Cost and area
must be perfectly distinguished at all stages for this A mark.

N.B. Candidates using Curved Surface Area= X please send to review
r

(b) M1: Attempts to differentiate as evidenced by at least one term differentiated correctly

Alft: Correct derivative — allow 1277 —30077~ then isw if the power is misinterpreted (ft only for misread)
dM1: Sets their % to 0, and obtains 7 = value where k=2. 3 or 4 (needs correct collection of powers of 7

from their original derivative expression — allow errors dividing by 12m)
ddM1: Uses cube root to find 7 or see 7 = awrt 3 as evidence of cube root and substitutes into correct
expression for C to obtain value for C
Al: Accept awrt 483 or 484

2 2

(c) Blft: Finds correct expression for ‘;S and deduces value of Z’f > 0 so minimum (7 may have been wrong)

OR checks gradient to left and right of 2.92 and shows gradient goes from negative to zero to positive so
minimum

OR checks value of C to left and right of 2.92 and shows that C > 483 so deduces minimum ( i.e. uses shape
of graph) Only ft on misread of I for each ft mark (see below)

N.B. Some candidates have misread the volume as 75 instead of 757. PTO for marking instruction.
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Following this misread candidates cannot legitimately obtain the printed answer in part (a). Either they obtain |

300
C=6mr'+— or they “fudge” their working to appear to give the printed answer.
r
The policy for a misread is to subtract 2 marks from A or B marks. In this case the A mark is to be subtracted
from part (a) and the final A mark is to be subtracted from part (b)
The maximum mark for part (a) following this misread is 3 marks. The award is B1 B1 M1 A0 as a maximum.

(a) B1: as before

75
ar’

M1: (C) =67’ +47rr(7—52]

ar

B1: Uses volume to give (7 =)

AQ: Printed answer is not obtained without error

Most Candidates may then adopt the printed answer and gain up to full marks for the rest of the question so 9 of the
10 marks maximum in all.

; ; 300 :
Any candidate who proceeds with their answer C = 6mr +— may be awarded up to 4 marks in part (b). These
r

are M1A1dM1ddM1AOQ and then the candidate may also be awarded the B1 mark in part (c). So 8 of the 10 marks
maximum in all.

(b) M1 Al: {% =} 1271 — 3030 or 127r—30077" (then isw)
r

300

2

=0 so 7 =value where k=23 or4or l27rr—£=0so 7* = value
r

dM1l: 1272r -

ddM1: Use cube root to obtain 7 = (rheir %)* (= 1.996) - allow =2, and thus C= ... must use
300
C=6mr’+—
=
AQ: Cannot obtain C =483 or 484

(c) B1: {(cllr? =} 127 + g >0 so minimum OR checks gradient to left and right of 1.966 and shows gradient
r

goes from negative fo zero to positive so minimum

OR checks value of C to left and right of 1.966 and shows that C > 225 4 so deduces minimum ( i.e. uses shape of
graph)

There is an example in Practice of this misread.
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Question

Numl Scheme
@) %(9x + 6x)4x
- M1: Correct attempt at the area of a
B | , i Note that 30x" on its own or 30x” from
™ ( 54:‘ HIx-Gx)reaxdx } incorrect work e.g. Sx % 6x1s MO.
o 62 +24x° If there 15 a clear mntention to find the
Sl area of the trapezium correctly allow the | MlAlcso
o0 (9_1_)(41__14”(%_6_‘)] MI but the Al can be withheld if there
2 , are any ships.
or 36x* -6x°
> 9600 320 Al: Correct proof with at least one
=30x'y=9600 = y = T =2y=—"* intermediate step and no errors seen.
30x X “@ y =" is reqnired.
[2]
(b)
(S=) %(91{ + 6x)4x + %(9.\’ + 6x)4x + 6xy + 9xy + Sxy + 4y MIAl
M1: An attempt to find the area of six faces of the pnsm. The 2 trapezia may be combined as
(9x + 6x)4xor 60X and the 4 other faces may be combined as 24xy but all six faces must be
included. There must be attempt at the areas of two trapezia that are dimensionally correct.
Al: Correct expression i any form.
Allow just (S =) 60x° + 24xy for M1A1
2 3 b
y=3—",q = (§=)30x" + 30x°" + 24x(-3l,0-] Ml
x* X"
s 320 : 4 :
Substitutes y = — nto their expression for § (may be done earlier). S should have at least
=
one x° term and one 1) term but there may be other terms which may be dimensionally
incorrect.
’ -~ 2, 7680 Correct solution only. -
So. (§=)60x" + . “§=* is mot required here. Al* cso

[4]
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(c)

M1: Either 60x° —»120x or 7680 - ==
o 2

X

o =120x - 7680x" [=120x - 76{;0 1
dx | *

Al: Correct differentiation (need not be
sumplified).

Al aef

7680

120 -—— =0
x

= x’=@:=64 =x=4
120

Ml: §'=0 and “therr ¥’ =+ value"

> ds
or “their X~ =% value™ Setting their = =0
and “candidate’s ft correct power of x=a
value”. The power of x must be consistent
with their differentiation. If inequalities are
used this mark cannot be gamned until candidate
states value of x or S from their x without
mequalities. ' =0 can be implied by

7680

120x = —— . Some may spot that x = 4 gives
x

S" = 0 and provided they clearly show S5'(4) =0
allow this mark as long as S' 1s correct. (If S

15 incorrect this method 1s allowed if their
denivative 1s clearly zero for their value of x)

Al: x=4only (¥ =64 = x =+ 4 scores A0)
Note that the value of x 1s not explicitly required
so the use of x = /64 to give 5= 2880 would
imply this mark

MIlAlcso

Note some candidates stop here and do

not go on to find § — maximum mark is 46

{x=4})
7680

Substitute candidate’'s value of x(# 0) mnto a

formula for S. Dependent on both previous M
marks.

ddM1

S = 60(4)° e 2880 (cm?)

2880 cso (Must come from correct work)

Al cao
and cso

[6]

(d)

MI: Attempt S (x* — x™ )and considers
sign.

This mark requires an attempt at the second
denvative and some consideration of its sign.
There does not necessanly need to be any
substitution. An attempt to solve S"=01s M0

Al- 120+ ﬂ and >0 and conclusion.
X

Requires a correct second derivative of

120+ 1228 (need not be simplified) apd a
X

valid reason (e.g. = 0), and conclusion

Only follow through a correct second denvative
1.2, x may be mcorrect but must be positive
and/or S” may have been evaluated mcorrectly.

MIAlft

A correct S” followed by $7("4") ="360" therefore minimum would score no marks in (d)

A correct S” followed by S"("4") ="360" which is positive therefore minimum would score
both marks

2]

Note parts (c) and (d) can be marked together.

Total 14
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Question
number Scheme Marks
60 : . 2 Bl
(a) (h=)—= orequivalent exact (not decimal) expressione.g.  (h=)60+xx m
Tx
(b) (A=)2r +2xxh o (A=)2r +2nrh or (A=)2rr +xdh
may not be simplified and may appear on separate lines Bl
. | 60 60 60 |
Either (A):Z)rx‘+brx;———| or As Txh=— then(A=)2x ¥ +2:—l M1
xx x x
A=2nx +§@i * Al cso
| x (3)
(c) dA 120 S M1 Al
(—)=4xx-— or =4xx-120x
dx x
120 SO <
drx-— =0 implies X’ = (Use of >0 or < 0 s MO then MOAD) | pqq
X
! rl 20
x= ,[— oranswers which round to 2.12 (-2.12is AD) dM1 Al
ir (5)
d 120 MI. Al
(d) A:ZE(Z.IZ)Zi—m. =85 {only It x=2 or 2.1 - both give 85) 2
(e) £A 240 Or (mettod 2) considers gradient to left and right
Either —=AT+=5 andsign  orineir 212 (egat 2and 2.5) Ml
considered ( May appear in (c) ) Or (method 3) considers value of A either side
[T T T T T T T T T T T Finds msmerical values for gradients and observes
whichis = 0 and therefore minimism gradients go from negative to zero 1o positive so Al
4
(most substitute 212 but it is not essential  concludes minimoum (2
1o see a substitution ) (may appear in (c))  OR finds numerical values of A | observing
13 marks
greater than mintmiem valee and draws conchision
Notes 80
(a) B1: This expression must be correct and in part (a) — I8 BD
£r
(b) BI: Accept any equivalent correct form - may be on two or more lines.
M1 : substitute their expression for & in terms of x into Area formuls of the form kv’ + cxh
Al: There should have been no errors in part (b) in obtaining this printed answer
(c) M1: At least one power of x decreased by 1 Al accept any eguivalent correct answer
ad =
M1: Setting — =0 and finding a value for x° ( = may be implied by answer). Allow 2 =0
dr dr
dM1: Using cube root 1o find x
Al : For any equivalent cocrect answer (need 3sf or more) Correct answer implies previois M mark
(d) MI : Substitute the {(+ve) x value found in (¢} into equation for A and evaliate - A1 is for 85 only
{e) M1: Complete method, usisally one of the three lsted in the scheme. For first method A"(x) must be
attempted and sign considered
Al: Clear statements and conclusion. (mmerical substitution of x is not necessary in first method shown, and x
or calculation could be wrong but A% (x) must be correct . Must not see 85 substituted)

www.onlinemathsteaching.co.uk




Online Maths

Q 17. Teaching

Question

Niiinber Scheme Notes Marks

A~y - Axy + 2V =0

@ |Jd | L.t dy L, o dy _
Wayl || dx "']8* Wi — W v =0 M1 Al M1 Bl

&-2) 3(4)3(:“: A4~ K Z)dl': ¢ 2 an(i':—() dependent on the first M mark | dM1
[ £ (

PR d Iy
16 - 48 16 4 8{: £16m2 =0
{

X dx
i = WA or 24 or 4 or A or exact equivalent | A1 cso
dx —-40+16In2 40-16In2 —5+21In2 —5+In4
NOTE: You can recover work for part (a) in part (b) [6]

1
- 40 —16In2 i .
) eg my = 40 j—31261n2 i = Applying m, = to find a numerical m,_ q

Can be implied by later working

. y_4- (40—31261ﬂ2)(x__ 2) Usinganumeg‘cal
m, (#m.). either
; a0-16m2), y—4=me(x--2)
Cutsy-axis > x=0> y-4= [T {)) and sets x =0 in their | M1
R normal equation
. A0-16m2), _ or
= %—)J(_) +c 4 = (theirm X-2)+c¢
j 40 - 161In2 104-16m2 |
D=4+ —m S0 y=——""—
l 16 16 |
13 1041 13 13 :
yiorc)= In2 In2 or In2 or —In2+4 Al cso isw
2 16 2 2
Note: Allow exact equivalents in the form p — In2 for the final A mark [3]
I 9
@ |1 lgdr 55 48 4 e Bi
“vay 2 ]d)’ j r(ly y }’(I_.V X1 n =4 Ml & ﬁ Bl
n®x dx A% AT
8(—2)1— - 34y - 4(4)l— —4(-2+2'In2=10 dependent on the first M mark | dM1
dy dy
Q - —32 or 32 or 4 or or exact equivalent | Al cso
dx —-40+16In2 40-16In2 —5+2In2 —5+In4
Note: You must be clear that Way 2 is being applied before you use this scheme [6]

Question Notes

(a) Note | For the first four marks
Writing down from no working

. d_y; 24_v 8x R 8x 4y
dx 3y - 4x+ 2" In2 3" +4x - 2"In2
dy 8x ~ 4y - Ay — 8x
dx 3 - A4x+2’In2 37 +4x - 22

Writing &xdx — 3y*dy — 4ydx — 4xdy + 2*In2dy = () scores MIAIM1B1

scores M1IAIMI1B1

scores M1AOMIB1
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Question Notes Continued

(a) 1" M1 | Differentiates implicitly to include either + 4x% or -y* >+ /lyz% or 2% >t u2¥ dy
; (

(Ignore (% =)). A, p¢ are constants which can be 1

1* A1 | Both 4x* —)® —>8x—3y2% and =0->=0

dy
dx

% d d & d
Note |eg 8 -31*2 —4p-ax2 + 2222 > -3* Y 4P 2rm2T -4y -8
dx C dx dx drx
iy i dy dv i
or eg -16- 482 16482 +16m22 > -8 + 82 t16m2 Y =32
dxe dx dx dx dx dx

will get 1% A1 (implied) as the " - ()" can be implied by the rearrangement of their equation.

2" M1 —4xy >—~4_y—4x:i': or 4y—4x:11’;: or —4y+4xi); or 4y+4x:i‘:

. 1 . i
B1 2”5 2m22 or 22 e™m2Y
dx dx
Note If an extra term appears then award 1% A0

3 amM1 dependent on the first M mark

dy
For substituting x =—-2 and y - 4 into an equation involving Ii
L ¢

Note M1 can be gained by seeing at least one example of substituting x = —2 and at least one
example of substituting y = 4 unless it is clear that they are instead applying x =4 and y = -2
Otherwise, you will NEED to check (with your calculator) that x = ~2, y -~ 4 that has been

3 : : 23 . d
substituted into their equation involving i
<
Note Al cso: If the candidate’s solution is not completely correct, then do not give this mark.
Note isw: You can, however. ignore subsequent working following on from correct solution.
(b) Note The 2* M1 mark can be implied by later working.
y—4 -1

Eg. Award 1 M1 and 2™ M1 for =

ztheirm-r evaluated at x=—2 and y = 4

Note Al: Allow the alternative answer { y= } h)[%] + #}—(ln 2) which is in the form p + gIn2
& -n .z

R (a) 1* M1 Differentiates implicitly to include either 4}'E or 4x* > | ﬁ.:cE
Way 2 “dy dy

(Ignore [(13 _] ). A is a constant which can be 1
ay

1" A1 | Both 4x* -y’ — xx‘t—‘-:syz and =0->=0
oy

2 M1 —4,x7y—>—4_vdx —4x or 4ydx —4x or —4ydx +4x or 4ydt + 4x
& & dy dy

B1 2Y 52" In2
3™ dM1 | dependent on the first M mark

For substituting x =—2 and y = 4 into an equation involving ‘i—k
dy
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Question 1
Nosabes Scheme Marks

_______________ S s |
% 2 ( dy) dy M1A1
= X —|3y+3x—| -8y—=
(a) {»( 2X l.H- dej Vg 2 M1
& e
2x -3y +(-3x-8y)—=0 dM1
___________________ G000 e SO 3
dy 2x-3y o 3y-2x i
................... B, TR SR Sl T
_____________________________________________________________________________________________________________________ Bl
(b) {%=0:}2x—3}'=0 Mi
......................... R i e s Lt
SRR . SRR W, L3 A B
: i 3 ) 3 >
¢ =3 Zx|-4/ Zx| +64=0 l;,\ -3 2y |y-47+64=0 dM1
L N 9-y= —-9-,;3 -4y’+64=0 > -23.-% 64=0
............... - R, | TR |1 R T L o S| N
, 576 24 24 . 256 16 16
Xi=—— = X=rei0f—— DY =y P=r - Al cso
25 5 5 2 5 5
2( 24 2{ 24 :
When x=+—4 ¥ =;[-—_4J and -:["—4] When ) =1'E. \’=2(§] and -2[1—_6]
____________________________ 3\5/ A/ | T 5 A5 A
(24 16) (24 ] 2 16 24 16 ddM1
(—_.— ﬂnd —_—— = X=—_ Y=— :Ind X=——7,V=— [ S ——
o) 5 5 b 5 b 5 cso | Al
.......... e E
11
Alternative method_for part (@) .....o........... s gt s oo e S Sp—— . [
| 0 M1Al
— = 2x——|3y—+3x| -8y=0 =
o | 252z M
(2x—3}')£—3x—8}'=0 dM1
___________________________ Bt e R R T e
dy _ 2x-3y 3y-2x 2
................... T T TN T N N
[5]
Question Notes
a dy 2x-3y 3y-2x
| T |Rmmamege oo @ pemuempan
’ ") 22 " .,_) -
Nete | Weiting gown: L= o0 BV 02X, o o workingis MIAOBIMIAD
SOV PO . U Jovh. AT 2202 SV OSSOSOV
N . ) . ) dy 2x-3y
Note | Few candidates will write 2xdx — 3ydx — 3xdy —8ydy =0 leadingto — = —.0.e
dx  3x+8y
This should get full marks.
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} ] J ' 4
(a) M1 | Differentiates implicitly to include either 131'% or -4’ > iky% . (Ignore (% =]). |
X ; dx

Al | Both x* 5 2x and ...—4}':+64=0—>—8y%=0

M1 —3.13'—)—3x£—3y or —3x£+3y or 3x§—3y or 3x$+3y
dx dx dx

- dy dy dy dy
Not 2x =3y—-3x— -8y— 2x =3y =3x— y—
ote x—3y-3x 8 8y— = 2x-3y=3x e +8) F

dM1 | dependent on the FIRST method mark being awarded.

g . @ . dy
An attempt to factorise out all the terms m; as long as there are at least two terms in a .

P ...+(-3x-8y)%=... = =(3x+8y)%

.................................................................................................................................

. (Allow combining in 1 variable).

— or or equivalent.
3x+8y —3x -8y 2

Note | cso If the candidate’s solution is not completely correct. then do not give this mark.

dy dx
(b) M1 | Sets their numerator of their d_ equal to zero (or the denominator of their d_ equal to zero) o.e.
X ly

. dy g g dy dy
Note | 1¥MI can also be gained by setting dx; equal to zero in their “2x—3y — 31’3}. - 8}-‘5}. =07

Note | If their numerator involves one variable only then only the 1 M1 mark is possible in part (b).
Note | If their numerator is a constant then no marks are available in part (b)

Note | If their numerator is in the form +ax’ =5y =0 or +ax+5y” =0 then the first 3 marks are

,,,,,,,,,, possibleinpart(b). .
} dv  2x-3y . !
Note | — = — =() is not sufficient for M1.

o 2 3
e Sets 2x — 3y to zero and obtains either y = EI or x==y

o the follow through result of making either y or x the subject from setting their numerator

of their d—]' equal to zero
dx

dM1 | dependent on the first method mark being awarded.

Substitutes eitlrer their y = ;x or their x = —y into the original equation to give an equation in

AN 24 24 16 16 . g
Al | Obtains either x = ? or —? or y= ? or — ? (or equivalent) by correct solution only.

48
i.e. You can allow for example x = 0 or 4.8, etc.

= 3z
Note | x= "),,L? (not simplified) or y = 1’%,6 (not simplified) is not sufficient for Al.
2D 2D
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ddM1

Note

Note

Note

Note

dependent on both previous method marks being awarded in this part.
Method 1
Either:

e

: 2 23 ; 2 : g ; 3
e substitutes their x into their y = Ex or substitutes their y into their x = 5 SR

2 . 3: . .. .
o substitutes the other of theiry = —?’-x or their x = 5y iato the original equation.

and achieves either:

o exactly two sets of two coordinates or

o exactly two distinct values for x and exactly two distinct values for y.
Method 2
Either:

o substitutes their first x-value, x, into X - 3y - 4}-‘2 + 64 =0 to obtain one y-value, », and
substitutes their second x-value. x, into ¥ =3xy -4y +64 =0 to obtain 1 y-value ¥, or

e substitutes their first y-value, y, into X' =31 -4)" + 64 =0 to obtain one x-value x, and
substitutes their second y-value, y, into ¥ —3x—-43" +64 =0 to obtain one x-value X,.

; g :
Both [-—4£] and ( 2 16
o P

24 16 24 1
Alsoallow X=—. y=? and X =—— _’=—?6 all seen in their working to part (b).
b)
2
Allow x=t%, '-=:§ for 3 Al.
b
2 2 ( b}
x=i—4, y=i£ followed by eg. (E"—:‘] and‘—g —"—:1}
5 5 5; s B 5

(eg. coordinates stated the wrong way round) is 3% A0.
It 1s possible for a candidate who does not achieve full marks in part (a). (but has a correct numerator

for 3—1) to gain all 6 marks in part (b).
X

Decimal equivalents to fractions are fine in part (b). ie. (4.8 : 3.2) and (—4.8 .—3.2).

24 16 (24 16
( ? z T} and l—? - ?) from no working is MOAOMOAOMOAQ.
Candidates could potentially lose the final 2 marks for setting both their numerator and denominator
to zero.
No credit in this part can be gained by only setting the denominator to zero.
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Question Scheme Marks | AOs
(a) dy
dy gr 4sec’ttant \ M1 1.1b
Attempts —=—-—=———(=2tanft
. & ey ( ) Al | LIb
dr
avrel Y oogeayy M1 | 21
4" dx
Attempts equation of normal y— =—%(x—3) Ml 1.1b
1 17
1=—?A+T . Al* 21
(3)
(b) y—3 1Y
Attempts to use sec *t=1+tan’ t:T_H-[ 5 ] M1 3.1a
x 1) = 1l
:‘>y—3=2+(12 ) = y=5( “) 45 * Al* 1 21
(2)

(b) Alternative 1:

y:%(x—l):—:-S=%(2tanr+1—l): +5

1

=—2—4tan:r+5 =2(‘sec:r—1:’+5

=2sec t+3= y*

(b) Alternative 2:

) :' -1
x=2tant+1=>t=tan ( J:>\'=7sec {tan

:[( =)

1_

i_\‘zl[l%—(

<

(b) Alternative 3:

1
= 5(\—1) +5%

j:ltant_ x—-1=>y —J'(x—l)dx:%—\%-c

(3.7)—>7=3T—3+c=>c=1—1
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Attempts the lower limit for &:

1 2 1 2 :
b —4ac=1-4(11-2k)=0=k=..
(k=)% Al | 1.1b

(x.p),_ = :r=—-]-r—:>x=2tan(—-§-]+l=—l, y=259c‘(—-§J+3=7

Attempts the upper limit for &:

b . M1l | 21
L2 Vap= : c+k 7—1 k=>k=
(_ % )._\ ——5.\ = —5"}‘ =...
13

(k=)5 Al | 11b

43 13
Rk el 22
g <k< 3 Al 2.2a

3

(12 marks)

Al:

M1:

MI1:

. A . dy
parameters however poor and divide the right way round so using —1 = ? scores MO.
. . dx , . dy 5 T dx dy dy
Thi ' b lied by e.g. — =2sec” f, —=4sec’ftanf, f=—>—=4 —=8=>-——=2
B i e s dr VIR TR T dx

dy 4sec’ttant L. . "
— =———_ Correct expression in any form. May be implied as above.

dx 2sec’ t

Condone the confusion with variables as long as the intention is clear e.g.

dy
dy g 4sec’xtanx
—1 = Q =——————(=2tanx) and allow subsequent marks if this 1s interpreted correctly
dx ﬂ 2sec’ x
dr
For attempting to find the values of x, y and the gradient at 7 = %AND getting at least two correct.
Follow through on their i—: so allow for any two of x=3. y=7. % = 2(or their%at t =§}

Note that the x =3, y =7 may be seen as e.g. (3. 7) on the diagram. There must be a non-trivial

dy . dy . .
d; for this mark e.g. they must have a d;to substitute into.
x X
. . . A ]
For a correct attempt at the normal equation using their x and y at f = 7T with the negative
= i d_v V4 3 dJ-'
reciprocal of their d—at t= T having made some attempt at e and all correctly placed.
x x
? . . y/ 8
For attempts using y = mx + ¢ they must reach as far as a value for ¢ using theirx and y at ¢ = 3

dy /4
iat t =—all correctly placed.

rith th v 1 1 of the1
wi e negative reciprocal of their —= m

Al*: Proceeds with a clear argument to the given answer with no errors.
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M1: Attempts to use sec’t=1+tan ¢ oe to obtain an equation involving y and (x—1)

1_—1_) ]+3 for M1 and then

E. g asaboveore.g. y=2seclt+3=2(1+tan2 r)+3=2(1+(

1 )
y=>(x-1)"+5* for Al

Al*: Proceeds with a clear argument to the given answer with no errors
Alternative 1:

: y . 5
M1: Uses the given result, substitutes for x and attempts to use sec” 7 =1+tan” r oe

Al: Proceeds with a clear argument to the y parameter and makes a (minimal) conclusione.g. “ =y~
QED. hence proven etc.

Alternative 2:

M1: Uses the x parameter to obtain 7 in terms of arctan. substitutes into y and attempts to use
sec’t=1+tan t oe

Al: Proceeds with a clear argument to the given answer with no errors

Alternative 3:

dy dy . :

Txﬁ'om part (a) to express ——in terms of x. integrates and uses (3. 7) to find “¢” to reach

M1: U:
ses re
a Cartesian equation.

Al: Proceeds with a clear argument to the given answer with no errors
Allow the marks for (b) to score anvwhere in their solution e.g. if they find the Cartesian
equation in part (a)

(©

MI1: A full attempt to find the lower limit for k.

%(x—l)°+5=—%x+k=>x2—x+(11—2k)=o:>b3—4ac=1—4(11—2k')=0:>k=...
Score M1 for setting %()(—1)2 +5 =—%x+k, rearranging to 3TQ form and attempts b2 —4ac..0

eg. b2 —4ac >0 oreg. b2 —4ac <0 correctly to find a value for k.

Al: k= -48—3 oe. Look for this value e.g. may appear in an inequality e.g. k > % k< i8§
An alternative method using calculus for lower limit:
. 2 dy o s il
h! —E(.\—l) +5=>E—x L x-1= 5 =>x= 5
1 0 M R
X =§=> y =§[§—1J +5 =?
1 41 1
_}’=—EI+L =>? =—Z+k =k=..
Score M1 for 3—‘ ="a linear expression in x . sets = —%, solves a linear equation to find x and
2
then substitutes into the given result in (b) to find y and then uses y = —% x+k to find a value
43 . : : i 43 43
fork. Al: k= g o Look for this value e.g. may appear in an inequalitye.g. & > = < ‘s
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An alternative method using parameters for lower limit:

.}.'=—-%-x+k:> 2seczt+3=-—-,i-(2tant+l)+k

=>2(1+mn2 r)+3=—%(2tanr+1)+k:>2tan°r+tanr+5.5-k=o
bz—4ac=0$1—4x2(5.5—k)=0:k=%

Score M1 for substituting parametric form of x and y into y = et k. uses sec’ f=1+tan ¢

rearranges to 3TQ form and attempts b2 —4ac.. 0 oreg. b2 —4ac >0 or b2 —4ac < 0 correctly to
find a value for k.

43 : : : : 43 43
Al: k=—oe. Look for this value e.g. may appear in an mequality e.g. & > 5" k< T

M1: A full attempt to find the upper limit for &. This requires an attempt to find the value of x and the

: T L :
value of y using 1 = —3 the substitution of these values into y = —%x +k and solves for k.
13 . : i :
Al: k= S Look for this value e.g. may appear in an imnequality.
13

Al: Deduces the correct range for & e k<=

< <

Allow equivalent notation e.g. [k < g and k> %] [k < gmk > 4?3} (% g]

£ s } (ksguk\ﬁ) (kéE or k>£] and do not allow 1f 1n

Butnote. g. (»kg?.k>?. 3 "% ) 3 g
terms of x.

: 13
Allow equivalent exact values for 3 2

There may be other methods for finding the upper limit which are valid. If you are in any
doubt if a method deserves credit then use Review.
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Sﬁl::: Scheme Marks
| Note: You can markparts (a) and (b) together. e
(a) x=4f +3, _\-'=4t+8+7
£=4= Yoy 2 Both — =4 or£=l a Y_4 32 m
| de ___dt 7 A | 2 - 5 - de: 2 |
4-2¢3 d;
dy _ 2 _ 5 e 5 Candidate’s = divided by a candidate’s gr |
So. —= =1-=f =1-— ¢ dr | o.e
_______ R T o T e
dy 27 2
{Whent=2.} —=— —_ or 0.84375 cao | Al
..................... N ———— - . Yol [T RO | N—
[3]
| Way 2: Cartesian Method
dy N L
— =1————_ simplified or un-simplifed. | B1
o, w0 e A
roia — e L
&= ﬂ=i/li K =, A=0,u=0 | M1
dx (x=3)°
y 2 2
{W’hent=2,x=ll}d—"='—7 af or 0.84375 cao | Al
............................ a 32 32
[3]
| Way 3: Cartesian Method
L2 = (2x+2)(x—3)—(‘x o w Correct expression for;. simplified or un-simplified. | Bl
dx (x-3) S R e O e L B R s e S
{_ 2 _6"'_11 gl; 1l f'(x)(x-3;TH(x) )
_—2-— X— - |
«-3° | ; (x-3) Ml
s s o e where £(x)=their "x_ +ax+5", g(x)=x-3 |
dv 27 27
| i it~ 0 = i
ﬂ 3]
r——x—3 :} 1-'—4(——x_3}+8+—5 imi i
®) 3 ) 7] K fx=3 Ehm.mat'es t to achieve Mi
3 _‘ e an equation in only x and y
y=x-3+8+ 19
P .
T 3)(""3)*:("3)* 10 L SRR REET 10
x_
S t dM1
(x+5)(x-3)+10 (x+5Xx=3) 10 i
or y= or y= -
I X-3 e S - S N
5 i Correct algebra leading to
= _& a=2and b=-5} x*+2x-5 Al
PR g w RO = y=——""" or a=2and b=-5
x— cso
[3]
6
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(b) Alternative Method 1 of Equating Coefficients
yoXrax+b

x-3
Y(x-3)=(4t+3)" + 2(4t+3)-5 = 162 +32t+10
X +ax+b=(4t+3) +a(dt+3)+b

= y(x-3)=x"+ax+b

Equates their coefficients in f and

t: 24+4a=32 —Da=2 dM1
S _— findsboth g=_.. and b=..| "
constant: 9 +3a+ b= > b=->5 a=2and b=-5]| A1
[3]
(b) | Alternative Method 2 of Equating Coefficients ... ... . . . i R
x=8 T x-3 5
f=—— 2 V=4 —/ | +8+ ——— Eliminates £ to achieve
4 | + ox=3 ERSER - M1
J e an equation in only x and y

dM1
: . Correct algebra leading to |
_ or equating coefficients to 2 ede—5

Bt give a=2and b=-5 y=2"""2 o a=2andb=-5 Al

x-3 cso
[3]

Question Notes
(@) Bl | ®Eo_gama Fog 3y o B HS5 Y 4 s0570), e
dt dr 2 a2 dt

d )
Note E‘ can be simplified or un-simplified.

.Note | You canimply the Bl mark by later working.
i

dy dx dy dr
Ml Candidate’s - divided by a candidate’s — or 2 multiplied by a candidate’s —
dr dt dt dx

Note | M1 can be also be obtained by substituting ¢ =2 into both their % and their % and then

(b) M1 Eliminates t to achieve an equationinonlyxandy.

dM1 dependent on the first method mark being awarded.
Either: (ignoring sign slips or constant slips, noting that k can be 1)

¢ Combining all three parts of their X —3 + 8+ [ L ] to form a single fraction with a

X—=

common denominator of ZX(X—3). Accept three separate fractions with the same

denominator.
4

x-3
o Combining both parts of their x +5 + [ ]

l) . (where X +5 is their 4[— +8).
-3 — 4)
to form a single fraction with a common denominator of £X(x—3). Accept two separate
fractions with the same denominator.

(10 )
lx—."J e

+k(x—3). Note that all terms in their equation must be multiplied by *k(x-3).

*  Multiplies both sides of their y=x—3+§+[ e ] ortheir y=x+5 +

X -

o

Note Some examples for the award of dMI in (b):

dMOfor y=x-3+8+ LN .‘~=M_ Should be ...+ 8(x=3)+...
x-3 x-3
dMO for y=x-3 + i}-» y=wA The “8” part has been omitted.
X- X —
dMO for y=x+5+ % > "‘M‘P;HO' Should be ...+3(x—3)+...
L= 2 Somm

dMO for y=x+5+ % = y(x=3)=x(x-3)+5(x-3)+ 10(x-3). Should be just 10.
=
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number
@ P +oxy=4 or B +d(x+y)? -x*-y'1=4 Ml
1z’ +2xy=4 Al
4-1xx* 16-7x
y=—=>"= * Bl cso
2x 8x (3)
(b) P=2x+cy+knr wherec=2or4andk =%or% M1
_1y2 :
B X bR | o m Mgl om0 Y Al
2 2x 2 8x
P—E+2x+§—E so P—§+2x .
= 2 e : Al ?3)
dP 8 M1 Al
© (g%‘y”
8 2
_'_2+2=0$x =._. Ml
x
andsox=2 oe. (1gnore extra answer x =-2) Al
P=4+4=8 (m) B1 (5)
4-r :
(d) =T = (and SO Wldth) =21 (Cﬂﬂ M1, Al
(€))
13
Notes | (a) M1: Putting sum of one or two xy terms and one k7> term equal to 4 (k and ¢ may be wrong)

Al: For any correct form of this equation with x for radius (may be unsimplified)
B1 : Making y the subject of their formula to give this printed answer with no errors

(b) M1 : Uses Perimeter formula of the form 2x+cy+k 7r wherec=2or4andk =% or %
Al: Correct unsimplified formula with y substituted as shown,

: 16—x* 4-17x°
te.c=4, k=% . r=xand y=—— or y= 2—
X

8x
Al: obtains printed answer with at least one line of correct simplification or expansion before
giving printed answer or stating result has been shown or equivalent
(c) M1: At least one power of x decreased by 1 (Allow 2x becomes 2)
Al: accept any equivalent correct answer

M1: Setting %=Oandﬁndmgavalmforcmrectpowmofxforcandidate

Al : For x=2. (This mark may be given for equivalent and may be implied by correct P)

Bl: 8 (cao) N.B. This may be awarded if seen in part (d)
(d) M1 : Substitute x value found in (c) into equation for y from (a) ( or substitute x and P into equation for P
from (b)) and evaluate (may see 0.2146 and correct answer implies M1 or need to see substitution if x value
was wrong.)

Al is for 21 or 21cm or 0.21m as this is to nearest cm
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