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Mark Scheme

QL.
ot e i
o 2 4 18 2(x* +5)+4(x+2)-18
(a) ——=+——~ e Ok EONTELE ) MI1Al
x+2 x +5 (x+2)(x"+95) (x+2)x"+5)
_ 2x(x+2)
(x+2)(x: +35) Ml
- Al*
(x*+5) ‘
4
2 Y Y1y By (LR, T
(b) i) SR 2N X MI1ALl
(x~+5)
_2x?
h'(x)=l—0#,— cs0 Al
(x+5)
(3)
(¢) Maximum occurs when h'(x)=0=10-2x’=0=>x=.. M1
=x=+/5 Al
(¢) Maximum occurs when h'(x)=0=10-2x=0=>x=.. M1
=x=+/5 Al
g
When x = J;: h(x)= 4 MI1.Al
{
Range of h(x) 1s Osh(.r)s£ Alft
(5)
(12 marks)
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(a) Ml  Combines the three fractions to form a smgle fraction with a common denominator.
Allow errors on the numerator but at least one must have been adapted.

Condone ‘mvisible” brackets for this mark.
Accept three separate fractions with the same denomunator.
Amongst possible options allowed for this method are

w Eg | An example of "mvisible” brackets
(x+2)x"+3)

AteS) - _ 18 Eg 2An example of an ervor (on middle term), 1% term has been adapted
(e2X*+5) (xe2XX°+5) (x+2)(x" +3)

2" 43 (x2 )+ x4 2)(x" + 5)~18x" + (x4 2) £g 3 An example of a correct fraction with a differeat denomunator
(x+2Y(x +5)

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

2 +5)+ 4{x+2)-18
(x+2)x° +5)

Accept if there are three separate fractions with the correct (lowest) conunon denonunator.
Eg _20%+3 . 4x+2) 18

(r+2)(x"+5) (x+2)x"+5) (x+2%x"=+3)

Note. Example 3 would score M1AO as it 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 our of the numerator and then cancelled with one in the

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

Al*  Cso (—F—’—g—) This 15 a given solution and this mark should be withheld if there are any errors
X +.

(b) MI  Applies the quotient rule to ( = - ' a form of which appears in the formula book.,
x4

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

.

v ut= L vs L v'= L followed by their u) then only accept answers of the form
W

(x* +3)x A—2xx Bx
(* +3)

Al Correct unsimplified answer p(x) =

where 4, 8>0

(x* +3)%x2-2xx2x
(x +5)

Al p 210-2¢" The correct simplified answer. Accept 25-¥) 2¢-5) _ 10-2¢
b 2 b b ] 3 + 3
(x" =5) (x"+3) (x" =5 (x" +10x" +25)

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

(e) M1  Sets their h’(x)=0 and proceeds with a comrect method to find x. There must have been an attempt
to differentiate, Allow numencal 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=-+/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
10

but not 0.447

<
Al Cso-the maximum value of hix) = 4 Accept equivalents such as

<
Alft Rangeofhix)is 0<h(x)= 4 Follow through on their maximum value if the M’s have been

s s 5 5
scored. Allow OS.yS.i‘-'-. OSRangesé. [O.é]but not 051’54. [O—J‘E]

If a candidate attempts to work out h'(x) in (b) and does all that is required for (b) in (¢), 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
M1 Sets h(x)= 2x(x* + )" and applies the product rule vu'+uv’ with terms being 2x and (1"-"5)'l

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 thewr working. meaning

terms are written out u=., . u'= .. .v=_ . v'= __ followed by their vu'+uy") then only

accept answers of the form

(x> +5) x4+ 2xx+Bx(x* +5)7

Al Correct un simplified answer (248 %24 2xx=2x(x"+ %)

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

- nemathsteaching.co.uk
For a correct simplified answer accept

=2x 2(5-x1) =AxX*-$ = s
10-2x = -(. X )= 2(x -) =(10_:)..)(x1+5)'-

hi{x)= TR ——— 3
+5)7 (x*+5) (x*+5)

>

(x
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Question Scheme Marks
(@) s = x> +3
s o +x—6)x4 +x —3x°*+7x—6
xt+x =627
3x7 +7x—6 M1 Al
3x* +3x-18
4x+12
4 3 2
X +xX-3x+7x-6 4(x+3
: =x +3+ HEED) M1l
x“+x-6 (x+3)(x-2)
; 4
=x"+3+
5 Al
C))
b g 2 MIAlft
( ) > (x st 2)2
Subs x=3 into £(x =3) = 2x3——~ — =(2) M
-2
1 1 :
Uses m =_W = wn with (3, f(3)) =(3.16) to form eqn of normal
v—16 =—%(x—3') or equivalent cso | M1Al
)
(9 marks)
(@)
Ml  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
N2 (+.x)+ A
x° +x—6)x* +x —3x"+7x—6
R
(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.
Davision by (x—2) first is possible but difficult.....please send to review any you feel deserves credit.
Al Quotient = x> +3 and Remainder = 4x+12
M1 Factorises x° +x—6 and writes their expression in the appropnate form.

(x* +x -3x* +7x-6 Their Linear Remainder

x> +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”

) = Their Quadratic Quotient +
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Al x*+3+ =) or 4 =3.B=4but don't penalise after a correct statement.
x=2
(®)
Ml x*+4+ —2x=x -
=2 (x-2)°
If they fail in part (a) to get a function in the form x* + 4+ > allow candidates to pick up this
x-2

method mark for differentiating a function of the form x* + Px+ Q0+ Iir :1:9 using the quotient rule oe.
Al x*+4+ e # —oe. FT on their numerical 4. B for for x* + 4+ only
x—=2 (x-2)° x=2

M1l  Subs x=3 into their f(x)1n an attempt to find a numerical gradient
M1  For the correct method of finding an equation of a normal. The gradient must be _m and the
pomt must be (3.f(3)) . Don't be overly concerned about how they found their f(3). 1e accept x=3 y =
1
£'(3)

If the form y = mx+c¢ 1s used they must proceed as faras ¢ =

(x-3) or (y-£3))x—£'B)=(x-3)

Look for y—f(3)=-

: .
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) xP e -3x + 7x—6=(x* + A)(x* +x—6)+B(x+3) M1
Compare 2 terms (or substitute 2 values) AND solve simultaneously 1e
X’ =>A4-6=-3, x=>A+B=7. const=>—6A+3B=-6 M

A=3,B=4 Al Al
1st Mark M1 Scored for multiplying by (x* + x—6) and cancelling/dividing to achieve

xt+xr -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 correct 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) £z (x2 +x—6)(4x3 +3x° —63r+7)—(x4 1+x3 -3x? +7x—6)(2x+1) Mi1A1
(x2 +x-6)

M1

Ist3 Subs x=3 nto
marks

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

(x4 x—6) (- )= (x* +x° =3x* +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= (x3 +x- 6)-1
3 L 2
Note that this can score full marks from a partially solved part (a) where f(x)=x"+3+ Ll6
X" +x—
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Q3.
Question Scheme Marks AOs
(a) : : ; : 5x* +10x
Correct method used in attempting to differentiate y = ———— M1 3 1a
(x+1)
dy (x+1)"x(10x+10)—(5x" +10x)x2(x+1) Al 116
T — - ' oe '
X (x+1)
Factorises/Cancels term 1n (x+ 1) and attempts to sumplify
dy (Xx+1)x(10x+10)—(5x +10x)x2 4 i 21
dx (x+1) (x+1)
dy 10
R T —— Al 1.1b
dx  (x+1 )3
4)
(b) For x<-1
_dy A Blft 22a
Follow through on their — = —,n=13
dx  (x+1)
(1)
(5 marks)
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(a)

5x° +10x
(x+1)’

M1: Attempts to use a correct rule to differentiate Eg: Use of quotient (& chain) rules on y =
Alternatively uses the product (and chain) rules on y = (sz - le)(.\' + 1)_2

(x+1) x(Ax+B)—(5x" +10x)x(Cx+D)
(x+1)'

dy
Condone slips but expect (—)J =

i (A,B,C,D>0) or

N (x+1) x(Ax+B)—(5x7 +10x)x(Cx+ D
(d_})=(r R ) ( i \t)x( i (A,B,C,D>0) using the quotient rule

de ((r + l)2 )2
dy

or (aj=(.x+l)'lx(Ax+B)+(5x2+le)xC(x+1)_3 (A, B,C #0) using the product rule.

Condone missing brackets and slips for the M mark. For instance if they quote u=5x"+10, v=(x+ 1)’

and don't make the differentiation easier, they can be awarded this mark for applying the correct rule.
Also allow where they quote the correct formula, give values of « and v, but only have v rather than v* the
denominator.

Al: A correct (unsimplified) answer

or equivalent via the quotient rule.

al (ﬂ)_ (x+1)"x(10x+10)—(5x* +10x)x2(x+1)

dx (x+1)°
d ) = s ¥
OR (a—);] =(x+1)" x(10x+ 10)+(5x“ +10x)x—2(x+ 1) *or equivalent via the product rule
M1: A valid attempt to proceed to the given form of the answer.
du —udv A
It is dependent upon having a quotient rule of iizl: and proceeding to 5
v (x+1)
) vdu —udv ¥
It can also be scored on a quotient rule of £———— and proceeding to m
14 X

You may see candidates expanding terms in the numerator. FYI 10x" +30x” +30x+10—10x’ —30x" — 20x
but under this method they must reach the same expression as required by the main method.

Using the product rule expect to see a common denominator being used correctly before the above

dy 10 dy
1: Y T There is no requirement to see A and they can recover from missing brackets/slips.
dr  (x+1)

dx
(b)

B1ft: Score for deducing the correct answer of x <—1 This can be scored independent of their answer to part

dv
(a). Alternatively score for a correct ft answer for their A where 4 <0 and n=1,3 award for

dr  (x+1)"

x>—1.So forexampleif 4>0 and n=1.3=>x<-1
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Question Scheme
Alt via 5x*+10x . B
division | Writes y = x—.,x mform y=A4+- — A B=0 M1 314
(x+1) (x+1)
5x*+10x . 5
Writes y = ¥ m the form y=5- 2 ) Al 1.1b
(x+1) (x+1)
_ dy C
Uses the chamn rule= —= —  (May be scored from A=0 ) M1 21
dx  (x+1)
dy 10
;1_ = T which cannot be awarded from incorrect value of 4 Al 1.1b
dx  (y+1) :
)
(b) For x <—1 or correct follow through Blft 22a
6y
(5 marks)
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Q4.
%L:Jenfgg? Scheme Marks
1-x 1-x
@ x=1-2y) = y= =, o= M1Al (2
. <
x> (lTx) Ignore domain
(b) gf(x):i—4 M1 Al
1-2x°
3
_3-4(1-27) M1
1-2x°
8x’ —1
= Al 4
1-22 cso C))
8x’ -1 .
f x> Ignore domain
& 1-22° =
() 8 -1=0 Attempting solution of numerator =0 | M1
1
r= = Correct answer and no additional answers | Al 2)
@ Y (1-2x°)x 24x” +(8x° —1) x 6x
T M1 Al
dx (1-2°)’
18x*
S g Al
(1-22)’
Solving their numerator = 0 and substituting to find y M1
x=0,y=-1 Al (5)
(13]
www.onlinemathsteaching.co.uk
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%“u‘i;‘;‘e’lr‘ Scheme Marks
@ | p=4x? or (2n) B
@
, sipyoad_z e Y :
®) x=(4y—smnly) =>€=2{ 4y—sin2y)(4—2c0s2y) MIAl
x dx : i !
Sub y== mto Y =2(4y—smn2y)(4—2cos2y)
& _otr =754 1 ol (coon) M1
dy T & 24x
Equation of tangent y—?zm(:c——-t,r ) M1
Using L #(vx__.,.--) with x=0=y =% cso MI1. Al
©)
(7 marks)
Altl(b) x=(4y-sin2y)’ = x%° =4y —sin2y
dx MI1A1l
=05 T =4-2cos2y
dy
.‘\lt(b) ._‘ ,2_ )eq ‘)_‘_.271
I X —(16} 8ysm2y+smn” 2) )
=1= 32)‘%—8 sin 3)‘%—16}" cos.’.y%+ 4sin2ycos 21:—; MI1A1
Or 1dx=32ydy-8sin2ydy—16ycos2ydy+4sin2ycos2ydy

(a)
Bl p = 4x® orexactequivalent (27)
Also allow x = 4x°?

()
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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 chain rule to a

formx=16)” —8ysin2y+sin’ 239):%=1§¢Q@2yi}¢-ms2insm2_\,vmszy PORS=0

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

expression of the form e 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 . ,
—=2(4y—sm2y)(4-2cos2y)o Y _ 1, 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 mmimal. eg , = .’;. =

&g

It 1s not dependent upon the previous M1 but it must be a changed x=(4y —sin2y )2

2, T
Score for a correct method for finding the equation of the tangent at (’4/7‘ ',7) :

T 1

Allow for Y—%=

S=— — = (x—their 47°)
= thﬁrrnnmnml(/h)

Allow for [1 —g

<their muverical 47| = —their 47’

T 1
Even allow for J"E = (-\'—P)
their meverial 45 A

It 1s possible to score this by stating the equation y = ,)i—_rx + ¢ as long as ( 4r .;] 1s used
e 7 s

1 a subsequent line.
Score for writing their equation in the form y=mx+c¢ and stating the value of 'c'
Or setting x =0 in their y—Z = 1 (x—4x*) and solving for ¥.
T2 24x
Altematively using the gradient of the line segment 4P = gradient of tangent.

X

2 k4 1
Look for PR
At this stage all of the constants must be numerical. It 1s not dependent and 1t 1s possible to
score this using the "mcorrect” gradient.

= y =.. Such a method scores the previous M mark as well.

/4
cso y:% . You do not have to see(O—B—)
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Q6.

Question
ko Scheme Marks
(a) -32=02w-3"= w=%oe MI1Al
(2)
d}’ 4 4
(b) —=5x(2x-3)"x2 or 10(2x-3) MI1Al
dx
When x =% . Gradient = 160 M1
Equation of tangent is '160'= Y32 o¢
q g o dM1
2
y=160x-112 cso | Al
(5)
(7 marks)
(a) M1 Substitute y=-32 into y = (2w—3)’ and proceed to w=._ ... [Accept positive sign used of y, 1e y=+32]
: 1 : : ; A
Al Obtains w or x = — oe with no incorrect working seen. Accept alternatives such as 0.5.
Sight of just the answer would score both marks as long as no incorrect working is seen.
(b) Ml  Attempts to differentiate y = (2x - 3)" using the chain rule.
Sight of +4(2x—3)* where 4 is a non- zero constant is sufficient for the method mark.
Al A correct (un simplified) form of the differential.
Accept . Sx(2x-3)'x2or 2. 10(2x-3)*
dx dx
M1  This is awarded for an attempt to find the gradient of the tangent to the curve at P
Award for substituting their numerical value to part (a) into their differential to find the
numerical gradient of the tangent
dM1  Award for a correct method to find an equation of the tangent to the curve at P. It 1s dependent
upon the previous M mark being awarded.
s -2
Award for "their 160'= B )
x —their '='
2
If they use y =mx +c it must be a full method. using m= ‘their 160°, their * % "and -32.
An attempt must be seen to find c=...
Al cso y=160x—-112. The question 1s specific and requires the answer in this form.

You may isw in this question after a correct answer.
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Q7.
Question
NaTbes Scheme Marks
'\ d}‘ 2 3 1
(1)(a) d—=3.\' xIn2x+x xj—.vl MIAl1AlL
X &X
=3x"In2x+x
(3)
(1)(b) $=3(:r+sin2x): % (1+ 2cos 2x) BIMIAL
I
(3)
.oy dx 2
{(11) — = =C05eC”y MI1A1l
dy
dy 1
= 5 M1
dx  cosecy
v 2 b » V X
Uses cosec’y=1+cot” yand x=coty m —or d—to get an expression 1n x
X ly
dy 1 1 1
P PR . DR 3 cs0 Ml1. Al1#
dv  cosec’y l+cot™ y 14 x°
(5)
(11 marks)
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(1)(a) M1  Applics the product rule vu'+uv' to x' In 2x
If the rule is quoted it must be correct. There must have been some artempt 10
differentiate both terms. If the rule s not quoted (nor implied by their working, with
terms wnitten out u=, . u'=., v=_  v'=  followed by their vu"+uv’) then only
accept answers of the form

2 B
A xIn2x+x' x = where A, B are constants=0
X
; s 1
Al One tenu corvect. either 3x° x ln 2vor v x —x2
2x

Al Cao, %z.‘x’ xln2x+x ‘--’-l—.v 2. The answer does not need 10 be simphified

-X
axs dy 2 Sk
For reference the simplified answer 15 ;— =3x"In2x+x" =x"(3in2x+1)
x

((b) Bl  Sight of {x+sin2x)’

M1 For applying the chain rule to (x+sin2x)"_ If the rule is quoted it must be correct. If it is
not quoted possible forms of evidence could be sight of C(x +sin 2x)* x (1 Dcos 2x)
where € and D are non- zero constants.

Alternatively aceept u=x+sinlx. u'= followed by Cu’ xtheiru’
Do not accept Clx+sin 2x)° x 2cos 2x unless you have evidence that this is thewr u’
Allow ‘invisible” brackets for this mark, 1e. C(x+sin2x)’ x 1+ Dcos 2x

Al Cao % = 3{x+sin 2x)" (1 + 2¢0s 2x) . There is no requirement to simplify this
You may ignore subsequent working (isw) after a correct answer wn part (i)(a) and (b)

(11) Ml Writing the derivative of coty as -cosocz,r. It must be i terms of y
Al %1 =—cosec’yor 1= -co'.ec:_r-g: Both s and rhs must be convest,
Iy x

M1 L'si.ng % - d‘_ﬁl—

M1 Using cosec’y=1+cot’ y and y=cot y to get g‘xot % yust mn terms of x.
X y

Al cs0 ﬁ: ! =
dx Iex*

Alternative to (a)(i) when ln(2x) is wrirten lnx+ln2
Ml Wirtes ¥ln2xas YIn2+x' lnx.
Achieves Ax for differential of X’ 1n 2 and applics the product rule vu'+uv' 1o x' lax.

Al  Either 3 xIn24+ 3¢ lnxor £ x>
=
Al A comect (un simplified) answer, Eg 3x" xIn 24 3% Inx+ x’x L
X

Alternative to (i) using quotient rule

Ml Wntes coty as 295 and applies the quotient rule, a form of which appears in the
siny

formula book. If the rule 15 quoted it must be correct. There must have been some attempt
to differentate both terms. If the rule 15 00t quoted (nor uplied by their working.
2 R '
meamng terms are wntten out u=,..u'>. v v~ followed by thewr ———)
v
SI0 VX I Y —COs ¥ X T 08 ¥

only accept answers of the form -
(s y)”

Al Cormrect un sumplified answer with both lhs and rhs comrect.
dy _sinyx-siny=cos yxeosy ¢ :
—= 3 ='—l-¢ol .1']
dy (s y)

. dy 1
Ml Using === ==y~
dy
. Jdy
M1 Using sin® y+cos” y =1, —,-—L— = cosec’y and cosec’y =1+ cot’ yto get L
sin” y : dv  dy

Al csoi‘;r— : -
dx lex°

Alternative to (i) using the chain rule, first two marks

MI  Wrtes coty as (tany) " and applies the chain rule (or quotient rule)
Accept answers of the form —(1an y)™ xsee’ y
Al Comrect un sumplified answer with both lhs and rhs comect.

dx " 2
—=—{tany) " xsec”y 1
dy N=QOty=>tan y =—

Alternative to (if) using a triangle — last M1 - www.onlinemathsteaching.co.uk
5 . 1
M1 Uses triangle with tan y = —to find sy 1 A 1
' i v

andgelﬂon de Juast 1 terms of x
dv  dy

v X
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Q8.
Question Scheme Marks
Number
(a) 1 . 2x+3 MI1.Al
(x243x+5) T ° (x2+3x+5)
(2)
(b) Applying =X v-zuv M1.
x2x—sinx—cosxx2x —x2%sinx—2xcosx —xsinx—2cosx A2.1.0
-_ e Oe - L
(x2)2 x4 x3 (3)
5 Marks
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Qo.

Question Sct
Humber Marks
3 +sm2x
@) r= 2+ cos2x
Apply quotient rule:
u=3+sm2x v=2+cos2x
du dv .
—_— —_——— 2
T 2cos2x e 2510 2x
Applying 22 | 1
y 2 e 1 Y
d\; E 2c0s2x(2 + cos2x) 251;12x(3+sm2x) Anyone connctoiiihe e
dx (2 + cos2x) numerator
Fully correct (unsimplified). | Al
4c0s2x + 2¢0s® 2x + 6sin 2x + 2sin’ 2x
ox 3
(2 + cos2x)
_ 4cos2x + 6sin2x + 2(cos’ 2x + sin” 2x) .
(2+ cost)l For correct proofwuhlan
understanding
s g% thatcos® 2x + sin’ 2x =1.
+ +2 , :
- s (as required) No errors seen 1n working. | Af1*
(2 + cos2x)
4)
(b) When x == y-ﬂ-2-3 -3 | B1
e 2+cosx 1 >
At
6smx +4cosxr +2 —442 m(T) =-2 | B1
.3 £ = = o =-2
(%.3). m(D) (2 + cosx) i
Either T: y-3=-2(x-%) ¥ = = m(x %) with “their
or y=-2x+c and TANGENT gradient’ and their y;: M1
3m=2(5)+c = c=3+x; or uses y=mx+c with “their
TANGENT gradient’;
T: y=-2x+(7x+3) y==2x+x+3 | Al
(4)
(8]
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Q?uesnm‘l Scheme Marks
Number
(@) 3—‘ =x’e” +2xe” MI1.A1.A1 (3)
W
(b |If 1—‘ =0, &*+20)=0 setting (a) =0 Ml
=
[e*=0] x(x+2)=0
(x=0) x=-2 Al
x=0.y=0 and x=-2.y=4e(=054.) Alv (3)
(© l, =x’e" + 2xe* + 2xe* +2e” [= (x* +4x+ 2)ex] MLLA1 (2)
dx”
x=0, d"}' =0 (=2) x=-2. d'-;' <0 [=-2¢72 (=-0.270..)]
(@ g _ 2 | MI
MI1: Evaluate. or state sign of, candidate’s (c) for at least one of candidate’s
x value(s) from (b)
C.minimum S maximum Al (cso) (2)
Alt(d) | For M1:
Evaluate, or state sign of. j—‘ at two appropriate values — on either side of at
=
least one of their answers from (b)  or
Evaluate y at two appropriate values — on either side of at least one of their
answers from (b)  or
Sketch curve
(10 marks)

Notes: (a) M for attemptat f(x)g'(x) + f'(x)g(x)
1** Al for one correct, 2*% A1 for the other correct.

Note that x’¢* on its own scores no marks
(b) 1% Al (x =0) may be omutted. but for
24 A1 both sets of coordinates needed : fit only on candidate’s x =2

(c) MI requires complete method for candidate’s (a). result may be unsimplified for Al

(d) Al 1s cso; x = 0. min. and x =—2, max and no incorrect working seen,
or (in altemative) sign of % either side correct. or values of y appropriate to t.p.
Need only consider the quadratic, as may assume e * = 0.

If all marks gained in (a) and (c), and correct x values, give M1A1 for correct statements
with no working
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Question Scheme Marks
15(a) et et M1 1.1b
k(xe +e¥) Al 1.1b
d . 1 e i dx -
B ix I R R ) ]
dx[_Je 2) Jx3e (e-2) Bl | LIb
d 3 _
ix AT L A T L L L L o "y 2 n=n X
(£ _}fe 2 ("7 "aet " T e zefe 2) 2 x"T" xe M1 21
X} - E.‘-.l.' . 2
) Te*(e™(2 - x}—4x—4}
F)=—"""—"— Al 1.1b
2(e’" -2)?
()
(b) e 2—x)—dx—d=0=al.c L J=_c" L . M1 1.1b
g2 4 Al* | 21
e +4
(2)
(c) Draws a vertical line x=1 up to the curve then across to the line y= X
then up to the curve finishing at the root (need to see a minimum of 2 Bl 2.1
vertical and horizontal lines tending to the root)
(1)
(d)(i) 7¢’ —4
X = =1.5017756... M1 1.1b
e +4
x, =awrt 1.502 Al 1.1b
(ii) f=1.968 dB1 2.2b
(3)
e B
© hix)= ¥ — X
e’ +4 M1 3.1a
h(0.4315) = -0.000297... h(0.4325) =0.000947...
Both calculations correct and e.g. states:
o There is a change of sign
T . Alcao 24
o eg (%) is continuous
o o =0432 (to 3dp)
(2)
(13 marks)
Notes
(a)
M1:  Attempts the product rule on xe* (or may be 7xe”) achieving an expression of the form ...xe* +..e",
[f it 15 clear that the quotient rule has been applied instead which may be quoted then MO,

Al: k(xe* | e"') (e.g. 7(ac* +¢*) ) or equivalent which may be unsimplified (may be implied by further
work)
d . |

Y _
Bl: [—(\flc""—?.): |lx3c-‘”(c-“*—2} * (simplified or unsimplified)
dx' r) 2
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MI1:  Attempts the product rule on xe* — ...xe* £..e* which may be seen within the expression
1 1

Le (@ -2) T4 i@ -2) T 4., simplified or unsimplified.
1 1
Al: k(xe” i+ e"] which may be seen within the expression k[erfeh ~2) 2+ ae’(e™ -2) 2 J +...
simplified or unsimplified.

k] k]
Bl: (—%]X 3™ (e’ - 2}_3 which may be seen within the expression....+ k[m"x(—%)x}eh{eh -2} 2 J

simplified or unsimplified.

dM1: A complete method using all three products (which may appear all on one line). Do not condone
invisible brackets.

Al: As above in main scheme notes.

(b) Note that if they do not have values A=-4, B=-4in (a) (which may be seen later) then

maximum score is M1AO*
MI1:  Sets their e™(2— x)—4x—4 equal to zero, collects terms in x on one side of the equation and non x

terms on the other and attempts to factorise the side with x as a common factor. Condone sign slips
only for this mark. Allow A and E to be used instead of "—4" and "—4"

dM1: Attempts to use the quotient rule. It 1s dependent on the previous method mark.

Score for achieving an expression of the form
1 1
[311 _2}3 {H‘? FP-XEI +FP?H‘E.'I.'} _Fri"e‘gl'{egl' _2} 3 x"?"‘ml'
(f'(x)=) = or equivalent (do not be

ix

g =2

: W3 :
concerned by the constants for their “7" or their 3 " which may be both 1)

[f it is clear that the quotient rule has been applied the wrong way round then score MO0.
Alternatively, applies the product rule. Score for achieving an expression of the form

1 k
(f'(x) :} (e =2) 1("T" " +"7"e") —”%”e:“'[ea" =2) 2 x"T"xe" or equivalent (do not be

: W3 :
concerned by the constants for their “7” or their E " which may be both 1)

Do not condone invisible brackets.

Te* (€2 - x) - 4x—4)

Al: (f'(x)=) : following a fully correct differentiated expression.
2(e™ =2)2
You may need to check to see if (a) is continued after other parts for evidence of this.
Condone the lack of f'{x)= on the left hand side or allow the use of % or y instead.
X

Alternative (a) attempt using the triple product rule

3
> | Je(e™ -12) 2

e —

1 1 1
e.g. i[m‘reh ~2)2 J: Te*(e™ —2) 2+ Txe*(e™ =2) 2 + Txe* ){—

{?e" | ?xﬂ"}(eh —2)+ T xe” x[— l]x?reh' ?e‘[eh ~2+ e —-2x—
= k] - = k] K]
(e’ =2)2 (e’ =2) 2(e’* - 2)°

[ ]

“] Te* (e (2 x)—4x-4)
= -
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Achieves the given answer with no errors including invisible brackets. If they do not reach the

> ix, .
printed answer then it is A0. If they subsequently write x_, = “t:l_ ; then 1sw
g "+

(c)

Bl:  Starting at x =1 look for at least 2 sets of vertical and horizontal lines drawn (may be dashes)
tending to f. Condone a lack of arrows on the lines but the sequence of lines should finish at the
point of intersection where the root is. Condone the initial vertical line not starting from the x-
axis. Mark the intention to draw horizontal and vertical lines. If they have any lines to the left of
x=1this is BO. If they use both diagrams and do not indicate which one they want marking, then the
“copy of Diagram 17 should be marked.

Examples scoring B1: Examples scoring B0:
i ! 51}! _"ﬁ
! A !
1
! J £ i

(d)(i)

M1:  Substitutes 1 into the iterative formula. The values embedded in the formula is sufficient for this
mark. May be implied by awrt 1.50

Al: awrt 1.502 isw

(d)(ii)

dB1: 1.968 cao (which can only be scored if M1 is scored in (d)(1))

SC: If(d)1) 1s rounded to 1.50 then allow 1.97 in (d){11) to score M1 AOdB1 for (d)

(€)

M1:  Attempts to substitute x= 04315 and 0.4325 into a suitable function and gets one value correct
(rounded or truncated to 1sf). It is allowable to use a tighter interval that contains the root
0.4317388728...

If no function is stated then may be implied by their answers to e.g. £(0.4315), £'(0.4325)
You will need to check their calculation is correct.
Other possible functions include:
o hix)=x— zi. _44 (other way round to MS) h(0.4315) =0.0002974... , h{0.4325) =-0.0009479_..
e’ +
. \
Te*(e(2- 9 -4x-4)
e their f'(x) =+ :
2(e™ -2)?
(If correct A and Bthen f'(0.4315)=F0.005789 . , {{04325)=20.01831_)
o their g(x) =+(e"(2- ¥ -4x—4)
(If correct A and B then g(0.4315) =F0.002275..., g(0.4325) = +0.007261...)
Al: Reguires
. Both calculations correct (rounded or truncated to 1sf)
. A statement that there is a change in sign and that their function 1s continuous (must refer to
the function used for the substitution (which is not {x) )
Accept equivalent statements for £(0.4315) <0, f'(0.4325)>0 e.g.
f'{0.4315)=f'{0.4325) <0, “one negative one positive”™. A minimum is “change of sign and
continuous™ but do not allow this mark 1f the comment about continuity is clearly incorrect
e.g. “because x is continuous™ or “because the mterval 1s continuous™

. A minimal conclusion e.g. “hence a = 0.432*_ “s0 rounds to 0.432”. Do not allow

“hence root”
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