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il

il

Al

Al

il

Al

il

19500. The £ sign is not important for this mark

Substitute V=9500, collect terms and set on 1 side of an equation =0. Indices must be correct
Accept 17000 > +2000¢** ~9000 = 0 and 17000x +2000x* ~9000 = 0 where x = ¢ ***

Factorise the quadratic in ¢***or ¢
For your information the factorised quadratic in ¢*"is (2¢™* ~1)(e** +9)=0

Alternatively let 'x'=€"** or otherwise and factorise a quadratic equation in x

Correct solution of the quadratic. Either &' =2 or &> :% o0e.

1
" we

Correct exact value of t. Accept variations of 4In(2), such as In(16), =2
ey @) suchas 16), 555025

Differentiates /" =17000¢ > +2000e™** +500 by the chain rule.

Accept answers of the form (%) =£4e° £Be " A,Bare constants = 0

Correct derivative (%) = 42506 % ~1000e™ .
There i no need for it to be simplified so accept
(%) =17000%-0.25¢> +2000x~0.5¢*  0e

Substitute =8 into dwlr% .

incd)

2

‘This is not dependent upon the first M1 but there must have been some attempt to differentiate.

Do not accept =8 in
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Al +593.Ignore the sign and the units. Ifthe candidate then divides by 8, withhold this mark. This
‘would not be isw. Watch for candidates who sub t=8 into V first and then differentiate.
They sometimes achieve 593. This is MOAOMOAO.
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Number Scheme
3. (a) ‘i” =Be P sin3x+3e™ cos3x MIAL
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Al
MIAL
©)
dr
b) A0 Lo
®) o Bl
Equation of normal is — MIAL
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(@ M1

Al
il

Al

M1

Al

Applies the product rule vu'+uv* to e™sin3x. If the rule is quoted it must be correct and there

‘must have been some attempt to differentiate both terms. If the rule is not quoted (nor implied
by their working, ie. terms are written out u=....w’=.....v=.....v’=....followed by their

vu™+uv’ ) only accept answers of the form % 4¢P sin3x+ e x+Boos3x

Correct expression for % V3 sin3x +3¢ cos3x

Sets |heir% =0, factorises out or divides by ¢*¥® producing an equation in sin3x and cos3x

Achieves cither tan3x=—3 or tan3x=——

e

Correct order of arctan, followed by +3.

Acczpljx:s;:xzs;' m]x:’]":x: :bulnolx:alclm(

B N
3
CSO0x= %’ Ignore extra solutions outside the range. Withhold mark for extra inside the range.
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() Bl Sight of 3 for the gradient
M1 A full method for finding an equation of the normal.

Their tangent gradient m must be modified to ~- and used together with (0, 0).

m
Eg ~—— =228 o cquivalent is acceptable
their'm' x—
1 1 y-0
Al —~x orany correct equivalent including —~ =2~
3 3 120
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Alternative in part (a) using the form Rsin(3x+a) JUST LAST 3 MARKS

Question

P Scheme Marks
3. (@ %:ﬁe‘ﬁ sin3v+3¢" cos3x MIAL
%:o P (Bsin3x+3c0s3x) =0 M1
(JE):...(;n%):O Al
MIAL

(©6)

Al Achieves either (\/E)sln(le%):ﬂur (Jﬁ)m(zx—%) =0

M1 Correct order of arcsin or arcos, etc to produce a value of x

Eg accept 311»%:00[10[21:1

Al Caox= %’ Ignore extra solutions outside the range. Withhold mark for extra inside the range.
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Alternative to part (a) squaring both sides JUST LAST 3 MARKS

Question
o Scheme Marks
3. @ %:«Efﬁsmhufﬁmh MiAL
%:o e ({Bsin3x+3c0s3x) =0 M1
Jism]x:—}m}x:m!(h):%minl(ax):% Al
1 T MI
= tureostifn) oo
o Al
z=2%
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Question

Number Scheme Marks
7. d 3 Mi
—(In(3x))=—
(@) dx( (3x)) e
xﬂn(zx)):ln(zx)xlx?+x5xi MIAL
2 3x
3)
(i)
dy _ (2x=1)x=10-(1-10x)x52x-1)"x2 MiAL
a @-)°
dy__80x
dr (2x-1)° Al
3)
dx 2
®)  x=3undy S TGuc'zy MIAL
1
:dx’ﬁszclzy Mi
Uses sec’2y=1+tan’2yand uses Ian2y:§
MIAL
[©]

(11 marks)
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Note that this is marked BIMIA1 on EPEN

@00 M1 Attempts to differentiate In(3x) to 2. Note that 3lis fine.
x x
M1 Attempts the product rule for x* In(3x). If the rule is quoted it must be correct, There must have

been some attempt to differentiate both terms.
I the rule is not quoted nor implied from their stating of u, u, v, v’ and their subsequent
expression, only accept answers of the form

In(3x)x Ax 2 +x7 <L 48>0
x

Al Any correct (un simplified) form of the answer. Remember to isw any incorrect further work
d 3 1 4. 2 3 In(3x) 1 =41
£ (7 In(3x) = IBx)x=x 2 +xix== +o)=x (2 In3x+])
2 (¥ InGx) =IGx)x2x 4xix= (E;— 7;) x (G In3x+1)
Note that this part does not require the answer to be in its simplest form

(ii) M Applies the quotient rule, a version of which appears in the formula booklet. If the formula is
quoted it must be correct. There must have been an attempt to differentiate both terms. If the
formula is not quoted nor implied from their stating of u, u”, v, v’ and their subsequent
expression, only accept answers of the form
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(b))

BI: Uses sin2y ~ 2y when y is small to obtain x =8y oe suchasx=4(2y) .
Do notallow sin 2y =20 to get x =86 but allow recovery in (b)(i) or (b)(ii)
Double angle formula is BO as it does not satisfy the demands of the question.

(b))

B1: Explains the relationship between the answers to (a) and (b) ().

For this to be scored the first three marks, in almost all cases, must have been awarded and the statement
must refer to both answers.

1
Allow for example "The gradients are the same (:%)" “both have m=*

1
Do not accept the statement that § and = are reciprocals of each other unless futher correct work explains

& dy
the relationship in terms of — and <
dy o dr

a function of y and, using both sin® 2y +cos’ 2y =1 and x =4sin 2y, attempts to

dx
write 2 or 245 2 function of x. The & may not be seen and may be irplied by their calculaton.
v dy dv

dx
Lo & &

d dy &

Al: A correct (un-simplified) answer for

! The 2 must e seen at least once in part () of thissolution

dr 2V16-x dv
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(2x=1)'x£10-(1-100)xC2x=1)*

T @y

dy _ (2x=1)x-10-(1-10x)x5Qx ~1)'x2
(-1

dy__80x

a Qx-D)°

Knows that 3tan 2y differentiates to Csec? 2y . The Ihs can be ignored for this mark. If they

Any un simplified form of the answer. Eg <

Cao. It must be simplified as required in the question >

write 3tan 2y as 37 Y this mark is awarded for a correct attempt of the quotient rule.

cos2y
Writes down %:6::: 2y or implicitly to get 1:ﬁs=c12yﬂ

Accept from the quotient rule —9— or even <82 X6c0s2y—3sindyx-2sin2y
cos’2y cos’2y

An attempt to invert ‘their’ ‘;5 to r:xch% =f(y) , or changes the subject of their implicit
v

differential to achieve a similar result E )

Replaces an expression for sec’ 2y in their % or %wnhx by attempting to use

sec? 2y =1+ tan® 2y, Alternatively, replaces an expression for y in = or 2. with L arctan(Z)
o Ta 2 3
Anymmlfmnofzmrznnsnfx, b 'x :i:mjh, or ! -
61+3)") 6sec” arctan(3))
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Number

Scheme

Marks

7.

(@)@ _Alt using the product rule
Writes =1%o (1-10x)(2x-1)* and applies vu™+uv’.
@x-1)

See (a)(i) for rules on how to apply
(2x=1)* x=10+(1-10x)x~5(2x - 1) *x2

Simplifies as main scheme to 80x(2x~1) or equivalent

(b) Alternative using arctan. They must attempt to differentiate
to score any marks. Technically this is MIAIMIA2

%arc'an(%) and attempt to differentiate

4 [ | 1

i 3 e
G 61+

Rearrange x=3tan2ytoy

e

Differentiates to a form

MIAL
Al
3)

MIAL

M1, A2

©)
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Question No Scheme Marks
1 @
L3 s M1
2 (In(3%)) - 2 for any constant B
Applying tuv’ ,  In(3x) X 2x + x ML AL Al
)
(®)
Applying
M1 AL+AL
Al
Axcos(a)-3sin (4) Al
)

(9 MARKS)
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@M1

M1

Al
Al

(b) M1

Al
Al
Al

Al

fine for this mark.

Differentiates the In(3x) term to <. Note that 3=

Applies the product rule to. x?In (3x). Ifthe rule is quoted it must be correct.

‘There must have been some attempt to differentiate both terms.

If the rule is not quoted (or implied by their working) only accept answers of the form
In(3x) X Ax + x2 x; where A and B are non- zero constants

One term correct and simplified, either 2xin(3x)or x. In3x?* and In(3x) 2x are acceptable forms
Both terms correct and simplified on the same line. 2xIn(3x) + x, In(3x) X 2x + x, x(2In3x + 1) oe

Applies the quotient rule. A version of this appears in the formula booklet. If the formula is quoted it
‘must be correct. There must have been some attempt to differentiate both terms.
Ifthe formula is not quoted (nor implied by their working) only accept answers of the form.
Exstcostan) sin (x| p S o
@ orxeorxtorx®
Correct first term on numerator  x* X 4cos (4x)
Correct second term on numerator —sin (4x) X 3x2
Correct denominator x°, the (x*)2 needs to be simplified

Axcos(sx)-3sin (4x) cos(az)ex-

Fully correct simplified expression
Accept 4x 3 cos(4x) — 3x~*sin (4x) oe
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Alternative method using the product rule.

MLAL

Al
Al
Al

Writes "':J‘“ as sin(4x) x x~3 and applies the product rule. They will score both of these marks or

neither of them. If the formula is quoted it must be correct. There must have been some attempt to
differentiate both terms. If the formula is not quoted (nor implied by their working) only accept answers
of the form x~3 X Acos(4x) + sin (4x) X £Bx~*

One term correct, cither x™* X 4cos(4x) or sin(4x) x —3x~*

Both terms correct,Eg.  x~* x 4cos(4x) + sin(4x) x — 3x~*.

Fully correct expression. ~ 4x~*cos(4x) — 3x~* sin(4x) or 4cos(4x)x~* - 3sin(4x)x~ oe
The negative must have been dealt with for the final mark.
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Question No Scheme Marks
; [EE T
substitute y = into mcn:—';: zSecZ(g% =8 ML Al
‘When ,:; x=2\3 awrt 3.46 Bl
(- ’;—) = their m(x — their 2v3) M1
Al

(7 marks)
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Fi i ) S5 2sec?(y+ % i =
For differentiation of 2tan (y +1 2sec’ (y + ‘Z). ‘There is no need to identify this with 7
o_ 1

& 2D
itute y = & i il |3 &

Substitute y = into ther . Acceptif s inverted and y = ¥ substituted into .

dx_g oty 1

mSer =g o0

Obtains the value of x=2V3 corresponding to y:; Accept awrt 3.46

‘This mark requires all of the necessary elements for finding a numerical equation of the normal.

Either Invert their value of 410 find 52, then use my ;=1 to find the numerical gradient of the normal

For cortectly writing 5 = 2sec? (+Z)or

Or use their numerical value of - £

Having done this then use (y = %) = their m(x — their 23)

The 2V3 could appear as awrt 3.46, mc; asawrt 0.79,

“This cannot be awarded for finding the equation of a tangent.

‘Watch for candidates who correctly use (x — their 2y3) = —their numerical % (y ;)
Ifthey use ‘y=mx+c” it must be a full method to find c.

Any correct form of the answer. It does not need to be simplified and the question does not ask for an exact answer.

(

8, y=-8x+7+16V3, y=8x+ (awrt) 285
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Alternatives using arctan (first 3 marks)
M1 Differentiates y = arctan () - % 0

;X constant. Don’t worry about the Ihs

ay__ 11
AL Acieves =i X5

M1 This method mark requires x to be found, which then needs to be substituted into 22
The rest of the marks are then the same.
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Or implicitly (first 2 marks)
M1 Differentiates implicitly to get 1

Al Rearranges to get ﬂm— in terms of y.

The rest of the marks are the same
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Or by compound angle identities

Ml Differentiates using quotient rule-see question 1 in applying this. Additionally the tany must have been
differentiated to sec?y. There is no need to assign to %

ax _ (1-tany tanZ)pasect

atanys2 an( ) wc-sec?ytanZ

Al The correct answer for —
o amtany tany

The rest of the marks are as the main scheme
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Alt to (¢) using arcsin

MI: Alternatively, changes the subject and differentiates ~ x=4sin2y > y=. -"“i"[f]*

Condone a lack of bracketing on the ;—' which may appear as ’7
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1() ER 2043 MILAL
(743x+5) (x743x+5)
@
() Applying M,

xixosinx—cosexex _ —xisinx-2xcost _ —xsinx-2c0st | x50

) o = ®
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5@) Bl
]
®) M1
Mi
1
—4k = In(3) a1
—4k = —In(3)
1
ke =7In(3) Al*

See notes for additional correct solutions and the last Al

“)
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1 B
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MIALft

MIAL
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Number
7() x2—9=(x+3)(x—3) Bl
ax-5 2x
x+DE-3) (x+3)(x-3)
__ (x-)x43) 2x(2x+1) M1
@A DE-3)@+3) | @x+D)(x+3)(x-3)
B 5x-15
T @+ DE-3) +3) MIAL
~3) 5
= = Al*

T @)@ B)(a+3) | @A) (x43)
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(®)

f®= 5723

o S(x+T)

F®= Garrrar
eno 1
fen=-7

Uses myma=1 to give gradient of normal==

MIMIAL

MIAL

Ml

Ml

Al
@®)

13 Marks
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Question

e bor Scheme Marks
4.
(@[ 0=20+ 4™ (eqn*)
(1=0,0=90 =} 90=20+ 4e*® Substitutes 7= 0and 6=90 into eqn * | M1
90=204+4 = 4=70 4=10 | A1
@
(b) | 6=20+70e"
(1=5,0=55 =] 55=20+70*" Substitutes 7 =5and =55 into eqn *
and rearranges eqn * to make e*** the | M1
subject.
Takes ‘Ins’ and proceeds | gy
to make 5k the subject.
~Sk=Inl-In2 = —Sk=-In2 = Convincing proof that & =4in2 | A1 =

3)





image123.png
©

6=20+70e"

2.426015132...

Rate of decrease of 6 =2.426 ‘C/min (3 dp.)

tae”

where k =4In2

i

~l4In2e

awrt +2426

M
Al oe

A
3)
81
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Question

eor Scheme Marks
7
34sin2x
@ 7= o2
Apply quotient rule:
u=3+sin2x v=2+cos2x
W geos2x o aginae
a« «
) ) Applying =22 | M1
@ 2e0s2u(2 + cos2) - - 2sin2aG + sin2) Any one term correct on the |
a (2+ cos2x) numerator
Fully correct (unsimplified). | A1
_ A4cos2x + 2cos’ 2x + 65in2x + 2sin’ 2x
(2+ cos2x)
_ Acos2x + 6sin2x + 2cos* 2x + s
ST Gressy For correct proof with an
understanding
dcos2r 4 6sin2x 4 2 thatcos® 2x + sin’ 2x = 1.
- QoS ONINT 2 (a5 required) No errors seen in working. | A1*

(2+ cos2x)

“@
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®)

(%

%.3) T) = T
53 w0 = Y
Either T: y-3=-2(x-%)
or y=-2x+c and

3=

2A$)+e > e=3+4x;

T: y=-2v4(7+3)

6sinz + deosz +2

m(T)

y=y =m(x-2) with ‘their
TANGENT gradient’ and their y;
oruses y=mx+c with ‘their
TANGENT gradient’;

2x4743

B1

B1

M

Al
“)

81
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2 H Ml Lib
(0]

;

® | substes x=4 mother & 2c42-1204% M|
2

©
2

(7 marks)
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Question
e o Scheme Marks
8.
@
‘Writes secx as (cosx)” and gives
M1
% +((cosx) sinx))
~I(cosx)*(~sinx) or (cosx)>(sinx) | A1
Convincing proof.
Must see both underlined steps. | A1 AG
®)
(b) | x=sec2y, y=@neD3, nel
& Ssecayiny Ksec2ytan2y | M1
dy 2sec2ytan2y | A1

2)
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©

&1
Applies - L
Ppplies 2

®)
Substitutes x for sec2y.

Attempts to use the identity
1+ tan® A =sec’ 4

M

M

M

At
“)
91
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Question

Number Scheme Marks
2. AtP, y=3 B1
= 18
(-2)(5-3 (-3)
32)(5-3%)° ) {M (Sih),} MiAL
dy 18
Lo —— M1
@ 530
M1
M1
Al

7

I“MI: £k(5-3x)" canbe implied. See appendix for application of the quotient
nle.
2*MI: Substituting x =2 into an equation involving their £

1
their m(T)
49MI: y -y, = m(x~2) with ‘their NORMAL gradient’or a ‘changed" tangent
gradient and their y,. Or uses a complete method to express the equation of the tangent
inthe form y=mx + ¢ with ‘their NORMAL (“changed” numerical) gradient’, their

yoandx=2.

3% MI: Uses m(N) =

Note: To gain the final Af mark all the previous 6 marks in this question need o be earned.
Also there must be a completely correct solution given.
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Question

Scheme Marks
Number
5. (a) | Either y=20r(0.2) B1
(U]
(b) | When x=2, y=(8-10+2)¢” =07 =0 B1
@r -5x42)=0 = (x-2)2x-1 m
Either x =2 (for possibly BI above) or x At
@)
& o -
© L= @x-5)e - (@20 -5r+2e MIATAT
@)
@) | (@x-5)e" - (¢ -5x+2)e” =0 M
27 -9x+7=0=2x-T)x-1)=0 M
B At
When x =1, y=9¢ 7, when x=1, y = ddM1A1
(5)

121
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(b) If the candidate believes that ¢ = 0 solves to x = 0 or gives an extra solution
. then withhold the final accuracy mark.

(¢) MI: (their u')e™™ + (2x° — S + 2)(their v')

Al Any one term correct.

Al: Both terms correct.

(d) 1" MI: For setting their % found in part (¢) equal to 0.

2% MI: Factorise or eliminate out ¢ correctly and an attempt to factorise a 3-term
quadratic or apply the formula to candidate’s ax’ + b + ¢.

See rules for solving a three term quadratic equation on page 1 of this Appendix.

3% ddM1: An attempt to use at least one x-coordinate on y =(2x* —5x +2)¢”
Note that this method mark is dependent on the award of the two previous method
‘marks in this part.

‘Some candidates write down corresponding y-coordinates without any working. It
‘may be necessary on some occasions to use your calculator o check that at least one
of the two

y-coordinates found is correet to awrt 2 sf.

Final Al: Both | “and {x=1},y=9". cao

Note that both exact values of y are required.

of x=
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Marks

Correct differentiation with correct
bracketing but allow recovery.

{Tgnore subsequent working. }

Question
Number Scheme
@ o In(¥ + 1)
x
u
u=In(x*+1) v=x
Apply quotientrule: {au _ 2 dv_,
dr ¥4l dr
oy (E5)m-meen Applying XY g

A1

“@
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(i)

1
ax

~ (as required)

fany > sec® y or an attempt to

differentiate 222 using either the
osy

quotient rule or product rule.

P
P

e dy dr
Finding < by reciprocating .
ng 7, by reciprocating o

For writing down or applying the identity
sec’y =1+ tan’y,

which must be applied/stated completely in
.

For the correct proof, leading on from the
previous line of working.

M

A1

dmi*

dmi*

Al AG
5)
91
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Question Scheme Marks
Number
@ (@)
:xl £((cosx)*(sinx) | M1
~I(cosx)*(~sinx) or (cosx)(sinx) | A1
Convincing proof.
Must see both underli M 4G
3)
(b)
— Either ¥ —2¢™ or |
Scen | see3x - dsecdrtan3x
W e P 3eeotvtandc orimplicd | Bothe™ - 2¢ and
a« Al
see3x - dsecdrtan3x
Applies vu' +uy’ comeatly fo thir |
wu' v,y
26 see3x + 3™ secdrtandx | A1 isw,

(4)
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(©

0 @
Tuming point = £ =0
g point => -

Hence, ™ sec3x(2+ 3tan3x) =0

{Note e #0, sec3x#0, s0 2+3tan3x=0,}

giving tandx= -3

=3x=-058800 = x 0.19600...

Hence, y = {b} = '™ sco(3 x ~0.196)

=0.812093... = 0.812 (3sf)

Sets their 2 = 0 and factorises (or cancels)

outat least ¢ from at least two terms.

tan3x=+k; k=0

Either awrt —0.196° or awrt ~11.2°

0812

M

M

A1

A1

cao
)

1]
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Part (¢): If there are any EXTRA solutions for x (or a) inside the range — < x < £, ie. ~0.524 < x < 0.524 or ANY.
EXTRA solutions for y (or b), (for these values of x) then withhold the final accuracy mark.
Also ignore EXTRA solutions outside the range —£ < < £, ie. ~0.524 < x < 0.524.
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2x-2-12x 7 (Coefficients may be unsimplified)

i 2 (Their 2 must have a negatve or fractona index)
& &

(b)
M1 Subsituies =4 ino ther and atempis (0 evalate. There mustbe evidence

dy |

&

Altrmativly sbsittes = 4nto an equaton resuting from 5= (x~1)* and equates

Al: There must be a reason and a minimal conclusion. Allow ¥, QED for a minimal conclusion

Stows &

a

Alt Shows that x =4 is a root of the resulting equation and states "hence there is a stationary point”
All aspects of the proof must be correct including a conclusion

(©

M1: Substus = 4 nto theie = and caleltes i valu,orimplis s i by a sstement such

when x 42> $-£>0. This must b scenin () and ntabelld (9. Alemtively caleuaes he

gradient of C cither side of x =4 or calculates the value of y cither side of x=4.

Alfts Fora correct calculation, a valid reason and a correct conclusion. Ignore additional work where
o IS

5 tftandight of x=4. Follow throughon sn icorsct T bt it dependent wpon

having a negative or fractionalindex. Tgnore any references tothe word convex. The natur of the tuming

point i “minimu.

Using the gradient ook for corrct calculation, a valid reason.... goes from negative o positve, and a

cormoct conclusion . minimam.

candidate finds
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Question,

Number Scheme Notes Marks
4 oy a2 =0
IR S Fa—
Way 1 { }Kx 3) i 4y - 4x- +2 hzdx MIAI M
b LYY 1)
8230 L4 - 4L 1 2'm2L =0 | dependent on the first M mark | M1
@ & o
=16 - 4Kﬂflb + XQ{ |lv|.l|2ﬂ 0
ax o ax
32 or -32 or 4 or or exact equivalent [ Al eso
Ta0+i6h2 " 0-t6m2 " T5iom2 " Tsilad °q

NOTE: You can recover work for part (a)

in part (b).
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®)

40-16In2 | Applying m, = to find a numerical m,
f TR A
‘an be implied by later working
. ](x _y Using a numerical
my (" m,), either
y-d=mx--2)
Cutsy-axis 5x=0= y-4 and sets x=0 in their | M1
‘normal equation
40 - 16In2 or
.4 [T](*Z)H 4= (their mX-2) + ¢
40-161n2
= =4+ 0 B
16
y(mc):%fmz %4:.2 or gqnz or 7ln2+173 Al eso isw

Note: Allow exact equivalents in the form p — In2 for the final A mark

e

&
e R i Uy P Ty
{?& } & &

SO H U - 4D+ 220

dependent on the first M mark

@

32 -32

4

or
dc  -40+16In2

40-16In2

or or
—5+2In2

or exact equivalent
“5+Ind

Note: You must be clear that Way 2 is being applied before you use this scheme.





image138.png
Question 4 Notes

7.(@)

Note

For the first four marks

‘Writing down from no working

P R . S - s VR VYN VI
dr -3y -4x+2'In2 3y +4x-2"In2

SO Sedy 0 dveSoviaomiBl
dx  -3y" —4x+2"In2 3y" +4x-2"In2

Writing 8xdx - 3y dy - 4ydx — 4xdy + 2’ In2dy = 0 scores MIAIMIBL
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Question 4 Notes Continued

4.(a)

M1

Differentiates implicitly to include either +4xE or -y’ ﬁuy or 2‘4+,,2‘dy

(gnore (:l ); 2., are constants which can be |

Both 4+ — ) axxfz,f% and =0-=0

Note [eg 8- oay-a@irm® @ g PPy gy
a a a a ar ax
or eg -16- 4xdy S16+82 s 1om2 - a5 g2 s
ar ar @ dr ax
will get 1* Al (lmplled) as the "= 0" can be implied by the rearrangement of their equation.
at dy dy d &
24M1 | -4y -4y -4x L or 4y-4x L or -4y +ax or dy+ax
by > —dy - dx s or Ay -dx y+dx o dy+dr
m 2 52mY o 2 emnd
dr dx
Note | If an extra term appears then award 1* A
37 dM1 | dependent on the first M mark
For substituting x =2 and y = 4 into an equation involving %

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 =
Otherwise, you will NEED to check (with your calculator) that X =~2, y = 4 that has been
substituted into their equation involving. &

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.
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®)

Note 'lth"MInnlkanbclmplmdbylmc(wodm@
Eg. Award 1 M1 and 2 M1 for
3 ey e = 2wy <E
Nee | Atz o et e { - {1+ n2) wichis e .+ o2

2
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4@ o erent implicitly to include i + or 4x* > £ jx’
o | e | i mpiy ot it 452 r 4>
e (£ 2 s ate
AL Sy ana =05=0

dy

2522

dependent on the first M mark

For substituting x

2and

PE——
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Question Scheme Notes Marks
3 26y + 2x+ 4y - cos(my) = 17
@ 20 | 2 a R iy
ER e e ——
%(ze +4+ msin(zy)) + 4+ 220 ami
o | ay-a axy+2 Comectanswer |
dr | 27 +44asin(zy) - 26 -4 - xsin(xy) or equivalent
151
T
. i - ~ Substituting x =3 & y==
® M["%J‘ " %’ 3!“4” Z(A){ zzj } a? M
23" + 4+ xsinl}7) ) imo an cquation invaving &
z Applyingm, = =L to find a numerical
K:zz; eolyingm, =t "t
Can be implied by later working
., L (2:x
r-1- (25
. L[zzﬂ (G)+cc= = m(x = 3or
277w
= (their m )3+ ¢
3,.:(22“"“L a1
8 2 ‘with a numerical M (%M, ) wherem is
. interms of 7 and sets y=0 in
Cuts x-axis = y =0 their normal equation.
! [zzu (e-3)
%
S 4|, e 362 o breidd 243x |
T T w2 | 2mea o max |Aloe
141
D
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( )

| [, &
= 4g—+zr »z—»uxsmm) 0

3(4"" 2)+2¢% + 4+ msin(ay) =0

@
Way2

ami

Correctanswer
or equivalent | A1 S0

dr 20 +4+ gsin(1y) )
S S— .
Question 3 Notes

3@ | Note Writing down from no working

& __ a2

4xy+2

scores MIAIBIMIAL
4~ msin(zy)

T s ey SO MIAOBIMIAD

Few candidates will write 4ydv+ 2°dy +2dv+ 4dy + 7sin(zy)dy = 0 leading to
& a2
&~ 27+ 4+ asin(ay)

Note

r equivalent. This should get full marks.
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Question 3 Notes Continued

3.(a)

. st 202 o 8% o ooty
Wy | | Difentises impliciy o iclude cither 22° 2 or 4y 42 or —cos(ay) - £ Asinay) -
(enore (d ]1 s a constant which can be 1.
3 3
1AL | 264 4y —cos() =17 — 2+ 4% 4 zsinay
+dy - cos(e) =17 o> 2+ 4+ i)
4202 12442 riiney 2 &+ rinten) = -y
Note | 420220 minen @ 2084 iy L - a-2
will got 1% A1 (implicd) as the "= 0" can be implied by the rearrangement of their cquation.
. -8
Bl |26y sy e2e
iy by s 202
Note | TFan cxira torm appears then award T A0
aM1 | Dependent on the first method mark being awarded.
An attempt to factorise out all the terms in :i as long as there are at least two ferms in jl .
: %{le + 4 msin(ry) +
Note | Writing down an extra ‘% and then including it in their factorisation is fine for dM1.
Note | Final AT cso: 1t candidatc’s slution & not completely correct. then do not give this mark.
‘Note | Final AlLisw: You can, however.ignore subscquent working following on from correet solution.
@[ Way 2 | Apply the mark scheme for Way 3 in the same way as Way 1.
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®)

M1 | M1 can be gained by sceing at least one example of substituting X =3 and at least one example of
substituting y = % Eg " 4xy"—"-6" in their % would be sufficient for M1, unless it s clear
that they are instcad applying x =

ST | fs dependent on the first 1.

Note | The 2% M1 mark can be implicd by later working.
P
Eg. Award 2% M1 3 M1 for —
3-x  theirm,
Note | We can accept sin or sm[ﬂ as a numerical value for the 2% M1 mark.

But, sin 7 by itself or sln[%] by itselfare not allowed as being in terms of 77 for the 3 M1 mark.

The 3 MI can be accessed for terms containing xsin[%).
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& &
candidate finds ;‘fm\..nngnnfx a. mmmgm.mmm;{muudthuw
having a negative o factonalindex. lgnoreany references tothe word conves. The nature of the tuming
pont is "minimurn”.
Using the gradient look fo corrct calcultions, a valid reaso.... goes fom negative 1o postive, and a
correct conclusion . minimum.
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(@

2.()
General

Note

Note

Note

Writing down £ = ==X or
SR okl S

Few candidates will write 2xdx ~ 3ydx — 3xdy ~ 8ydy =0 leading to

“This should get full marks.

2 rom no working i full marks

2% from no working is MIAOBIMIAO

el
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2@

Differentiates implicitly to include cither £3x 3% or —4y* > 24y 3

@
64-0- -3y o
- opd
I extra term appears then award A,
2eyonog ooy on gl

will get 1* AL (lmplmd)n the "=0"_can e mhuﬂ by the rearrangement of their equation.
dependent on the FIRST method mark being awarded.
L&y

the terms in . as long as there are at feast two terms in
& &

An attempt to factorise out

=Gt Ry)% - (Allow combining in 1 variable).

o 222 o quivalent.
A S T Ty T
eso Ifthe candidate’s solution s not compltely correct, then do not give this mark
You cannot recover work for part (a) in part (b). )
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2.0)

Note

Note
Note
Note

Setstheir numerator of their 2. cqual to zeo (orthe denominator of their %X cqual o zero) o.c.
ax @

dyx

&
1 M1 can also be gained by setting < equal to zero in their *2x ~ 3y — 3x
gained by sctting 2 - eq x =3y - Y ac

If their numerator involves one variable only then only the 1 M1 mark is pm.n.k in part (b).
If their numerator is 4 constant then no marks are available in part (b)
If their numerator is in the form <ax’+by =0 or +axby* =0 then the first 3 marks are
possible in part (b). .
& _ 23y
dr 3+ 8y
Either

« Sets 2~ 3y to zero and obains cither 3

=0 is not sufficient for M1.

« the follow through result of making cither - or x the subject from sctting their numerator
L dy
of their & cqual to zer0
T e
‘dependent on the first method mark being awarded.
Substitutes either their y = %, or their x = ;y into the original cquation to give an cquation in

one variable only.

Oblmmnlhcrx—? - 7% - y:% - 7%.(mcquivalm|) by correct solution only.
ic. You can allow for cxample ﬁ or 48, ctc

(run simplified) or y = (nm simplified) is not sufficient for Al
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2.(b)
od

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

 substitutes their x into their

;; or substitutes their y into their x

o substitutes the other of theiry = %x or their x =2 into the original cquation,

and achieves either:
» exactly two sets of two coordinates or
 exactly two distinct values for x and exactly two distinct values for y.

Method 2
Either:

*  substitutes their first x-value, x, into x* —3xy —4)" + 64 =0 10 obtain onc y-valuc, y, and

substitutes their sccond -value, x, into x* — 31y — 4y* + 64

© substitutes their first y-value, y, into x* —3xy —4)* +64 =
substitutes their sccond y-value, y, into x* - 3w~ 4y" + 64
inates gt  identification of two.

to obtain 1 y-value y, or
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Note

Note

Note

Note

Note

Note

(16 24) (16 24)
16 24) yf 16 24
55)™0s75)
(eg- coordinates stated the wrong way round) is 3% A).
Itis possible for a candidate who docs not achieve full marks in part (a), (but has a correct numerator

,,:1% followed by cg.

dy N .
for 3¥) 1o gain all 6 marks in part (b).
3 s part (b).

Decimal cquivalents to fractions are finc in part (b). i.c. (4.8,3.2) and (~4.8,-32).

[%%] and [,257‘ '56] 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

Nmber Scheme Marks
L X 42y —x-p -20=0
&
2y )
(a) [J dx]
A2 o ami
@
Al eso
151
() |AtP(3.-2). m(T)=
and either T: y - see notes | M1
1
o (D=(FfOre=e=
T 1lx—3y -39=0 or K(llx—3y-39)=0 Al cso

21
7
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(@

b _ x4yl 13 -y
a3y oax 2x-3y

Question 1 Notes

G | Note | Weiing down - = el 3}2" from no working is full marks.
Note | Writing down . = or 123 2% 600 no working is MIAOBOMIAO
ax 3y 2
Note | Few candidates will write 3x” + 2y + 2xdy 3y’dy = 0 leading to & w< oe.
@ 3y o2x
“This should get full marks.
1) | M1 | Differentiates implicitly
Al | X' 53" and -x-)" -20=0 >
dy
BI Soyead
292+ 200
Note | If an extra term appears then award 1% AQ.
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1. ()

2dy

3| Note 3{42y+21;7|73 3,»;77_-—
will get 1* Al (implied) as the "= 0" can be implicd by rearrangement of their equation.
aM1 | dependent on the first method mark being awarded.
4 4
An attempt to factorise out all the terms in Ey as long as there are at least two terms in Ey .
ody
st (2x-3)
T
Note | Placing an extra %’ at the beginning and then including it in their factorisation is fine for dM1.
—2y -3¢’ N 3x' 42y -
For 222235 o cquivalent. Eg: 22221
At Tey o T
eso: Ifthe candidate’s solution is not completely correet, then do not give this mark.
isw: You can s, grore suscgentworking llowing o from <ot oion
1) | MI | Someattcmpt to substitutc both x =3 and y = 2 into their & S which conains both x and

Note

Al

cso

to find m, and
« cither applics  — —2 = (their m )(x —3). where m, is a numerical value.

 orfinds c by solving (~2) =(their m, )(3) + ¢, where m is a numerical value.

Using a changed gradient (i.e. applying isMO).

- or
their & their =

Accept any integer multiple of 11x ~ 3y ~39.=0 or 1y =39 - 3y=0 or 11x + 3y +39=0,
‘where their tangent equation is equal to 0.

A correct solution is required from a correct %A

You can ignore subsequent working following a correct solution.
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1@

rnative method for part (a): Differentiating with res

M1 | Differentiates implicitly to include either Zyﬂ or Yokt & o &
dy & &

Al

dr

Bt | 2028

&
dM1 | dependent on the first method mark being awarded.
An attempt to factorise out all the terms in ‘;ﬁ as long as there arc at least two terms in ‘;ﬁ .
By 0

2y -3¢ :

Y =3 cquivalent. B S22 =1

-3 3o

cso:_If the candidate’s solution is not completely correct, then do not give this mark.

Al
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Scheme Marks | AOs
dy _(25in0+2c050)3c0s0~3sin(2c0s0~2sin0) e
dé (25in0+2c0s0)"
Expands and uses sin” 6+ cos” @=1 at least once in the numerator or the
denominater M| 3
oruses 2sinfcosd
Expands and uses sin® 6+ cos’ 6 =1 the numerator and the denominator
AND wes 2sinOcos0=sin20in »L-__F __ MLz
46" Q+Rsin20
A |

(5 marks)





image156.png
Question

Question Scheme Marks
4. ‘jT':xox, V = dzh(h + 4) = Azh* + 167h
i
a tahtfaz0.f%0 Ml
@ ~Seh e 87h+167 | Al
WAL (senr16m) S sor Candidate's & |« & _ g0z
[T @ @) a
a@_ar ar a ar M
G WYL e —L + Candidate's
{dr o } a T S ter or 807 + Candidutes ‘0 1
[ S ST . 13 dependent on the previous M1 | ]
$76)+ lor ar sce notes
12500 2 orl2or 80 f A1 e
R
151
5
‘Alternative Method for the first MIAT
w=dth  v=h+d
Product rule: | gu &
LR
@ @
a tahtfaz=0.f0 M1
A+ 4)+ dzh iy Lo |
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Question 4 Notes

M1_[ An expression of the form £ = 5, @ # 0. = 0. Can be simplified or un-simplified.
AT | Correct simplificd or un-simplificd differentiation of /.
cg. Sh+167 o 4x(h+4)+4zh or Sa(h+2) or cquivalent.
Note | Some candidates will use the product rule to differentiate  with respect to . (See Alt Method 1).
ar
Note | - does not have to be explicity stated, but it should be clear that they are diferntitin their V.
mi | [candigares &2 50z or 807 + Candi
o)
Note | Alsoallow 2% M1 for { Candidate’s 4 |«
@) a
X d ar
Note | Give 2* MO for | Candidate' gy = 80t or 80K or 807t or 80k + Candidate’s -
AM1 | which is dependent on the previous M1 mark.
ar
Subsitutes = 6 nto an expression which is a result of a quotent of their .- and 80z (or 80)
5 1080 .
At | 1250r > or™ or 32 (units are not required).
%7 a0 required).
Note | 297 44 a inal answer is AO.
bir
ar
Note.| Substituting /=6 intoa corect 7 gives 647 but he final M1 mark can only be awarded if this

is used as a quotient with 807 (or 80)
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Question
Number Scheme Marks
1. Ayt +27=0
@ | 2i[aea®) @, MIAL B
w7 ) = -
dy
2x+4y+ (dx+2y) L = daM1
x + 4y + (4x + ’)dx
dy _-2x-4y [ —x-2y Al
dx 4x+2y 2x+y ooe
151
(b) 4x+2y=0 Ml
y=-2x Al
X+ 4x(-2x) + (<20 +27=0 MI*
-3 +27=0
x=9 ami*
x=-3 Al
‘When ddM1*
Al cso
]

12
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Notes for Question 7

@

MI: Differentiates implicitly to include either 4;‘% or iky:x—y.(lgnm (i’ :))A

2 2 dy
Al (2 2x) and | ... P 4+27=0 2y==0 |.
(¥)>(2) [ =00 1Y ]

Note: If an extra term appears then award AQ.
Note: The "= 0" can be implied by rearrangement of their equation.

2+ 4y+41%+2y% leading to 4:‘%42}»% ~2x— 4y will get Al (implied).
BI: 4y+4x% or 4[,»“%] or equivalent

AMI: An attempt to factorise out ‘% as long as there are at least two terms

B dv dy
et @2 T = o 22t )
ie. @x+ 2930 or Qx+ e

Note: This mark is dependent on the previous method mark being awarded.

or cquivalent, Eg: T34V o 225429 o o2y
ax+2y “ax-2y  dx+2y 2x+y
If the candidate’s solution is not completely correct, then do not give this mark.
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Notes for Question 7 Continued

®)

MI: Sets the denominator of their :xl equal to zero (or the numerator of theis ‘;ﬂ equal to zero) oe.
iy

Al: Rearmanges to give either = —2x or x=——y. (correct solution only).

‘The first two marks can be implied from later working, i.e. for a correct substitution of either

into mmu:,%y into 4xy.

Axtaor x=tpuyth(A=0, u=0) into

MI*: Substitutes y = £ Ax or or x =

uyory
¥ +4xy+y" +27 =0 to form an equation in one variable.
dAM1*: leading to at least either x' = 4, 4>0 or y' =B, B>0
Note: This mark is dependent on the previous method mark (M1*) being awarded.
Al: For x= -3 (ignore x=3) orify was found first, y =6 (ignore y =~6) (correct solution only).
AdMI* Substitutes their value of x into y = £ Ax to give y = value
or substitutes their value of x into x* + 4xy + * +27 =0 to give y = value.
Alternatively, substitutes their value of y into x = £ 4y to give x = value
or substitutes their value of y into x* + 4xy + y* + 27 =0 to give x = value
Note: This mark is dependent on the two previous method marks (M1* and dM1*) being awarded.
Al: (-3,6) eso.
Note: Ifa candidate offers two sets of coordinates without either rejecting the incorrect set or accepting the
correct set then award A0, DO NOT APPLY ISW ON THIS OCCASION.
Note: x=-3 followed later in working by y = 6 is fine for AL
Note: followed later in working by x = —3 is fine for AL
Note: x=-3,3 followed later in working by A0, unless candidate indicates that they
are rejecting x
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9 o
Note: Candidates who set the numerator of E" qual 100 (orthe denominator of their <+ equal to zer0) can
by

only achieve a maximum of 3 marks in this part. They can only achieve the 2, 3% and 4* Method marks to
give a maximum marking profile of MOAOMIMIAOMIAO. They will usually find (-6, 3) { or even

63}

d
Note: Candidates who set the numerator or the denominator of E" equalto £k (usually & =1) can only

achieve a maximum of 3 marks in this part. They can only achieve the 2%, 3" and 4" Method marks to give a
‘marking profile of MOAOMIMIAOMIAO.

Special Case: Itis possible for a candidate who does not achieve full marks in part (a), (but has a correct

denominator for ‘% ) to gain all 7 marks in part (b).

dy _2v-4y
Eg: An incorrect part (a) answer of <= = = —2.
& pert@ dx  are2y

can lead to a correct (- 3, 6) in part (b) and 7 marks.
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Question

Nombor Scheme Marks
2. o | BI [0}
Mi
25x107 | o) @
Bl
Mi
Al &)

161
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Question

Quoston Scheme Marks
- L dy L dy
S | (@ Differntiting implicity to btain £ay* X andlor 455* - MI
dy
asy L s
e Al
2 L dy
oxty >0 Lrisay or cquivalent | B|
Y
48y +9x°) L 4181y -54=0
(487 +0x%) 183 MI

Al )

54-18xy 1863y
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Substituting either of their values into xy =3 to obtain a value of the
other variable.
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Number Scheme Marks
1.(a) {%x} 2+sy—+[sxyux'd—“' MIAIL Bl
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Note
M1: For choosing cither the quotient, product rule or implicit differentiation and applying it to the given

dy
function. Look for the correct form of d— (condone it being sated as X ) but tolerate slips on the

d(cos0)
a0
dy _(25in0+20050)x...cos 0~ 3sin0(:..cos 0

(2sin@+2cos )’

coefficients and also condone ————==+*cos@ and =%sinf

in0)

For quotient rule look for —

For product rule look for
% =(25in0+2c0s0) " x+..cos 0% 3sin Ox (2sin O +2c050) ~ x(+...cos O ...5in0)

) ) d
Implicit differentiation look for(...cos 0%...sin ), y+(25m9+2ms9)£

AI: A correct expression involving :—';mmng it appearing as %

MI: Expands and uses sin® @+cos” @=1 at least once in the numerator o the denominator OR uses

2sinfcos @ =sin20 in
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(@)

®

M1: Differentiates implicitly to include either 1@% or 3{%4@«: (%’ ]).

Al [Zr+3)f’)~w[2+6y%] and (4x* —8x). Note: If an extra “sixth" term appears then award A0.
BL: 6xy+3e L.

ax
dM1: Substituting x = ~1and y =1 into an equation involving %’A Allow this mark if either the numerator

or denominator of & = $=2=6x
& ey

Ifitis clear, however, that the candidate s intending to substitute x =1 and y

Candidates who substitute x ~ 1. will usually achieve m(T)

Note that this mark is dependent on the previous method mark being awarded.

is substituted into or evaluated correctly.

1, then award MO.

and

AL For 7% or 7[1 or ~0.4 or awrt 0.4

If the candidate’s solution is not completely correct, then o not give this mark.
1

M1: Applies m(N) =

‘their m(T)
MI: Uses y—1=(my)(x—~1) or finds cusing x=—land y =land uses y=(m,)x +"c",
Where my=-—— or my=—_ or m, = their m(T).
their m(T) their m(T)

Al: 9x—4y+13=0 or ~9x+4y ~13=0 or 4y ~9x~13=0 or 18 ~8y +26=0 etc.
0%, Sodo notallow 9x+13=4y etc.

6y+3x"
8x-2-69

is MOMO unless a numerical value is then found for m,.
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Alternative method for part (a). Differentiating with respect (0.

[~
MI: Differentiates implictly to include cither 2% or 61 or kxS (Ignore [ &£ = ).
@y @y a ay

Al [21+3y!)~>[2;£+6y] and [4r’~>sx‘;£ Note: If an extra “sixth” term appears then award A0.
L

BL: 6xy+3e L.
ax

dM1: Substituting x = ~1 and y =1 into an cquation involving ;ﬁ or %. Allow this mark f either the
v

numerator or denominator of &% = /43¢

&y 8x-2-6x%
Ifitis clear, however, that the candidate is intending to substitute x=1and y.
Candidates who substitute x=1and y =1, will usually achieve m(T) =
Note that this mark is dependent on the previous method mark being awarded.
AL For = or 7% or ~0.4 or awrt 0.4

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

is substituted into or evaluated correctly.

1, then award MO.
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4 (2)=m22
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d dy
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s |@ %:o.ann—o.sxh M1 Al
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V=9zh = =970
7] o Bl
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Alternative for last 3 marks
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M1: Expands and uses sin” §+cos” @ =1 at least once in the numerator or the denominator OR uses

2sinfcos @ =sin20 in

MI1: Expands and uses sin® @+cos® =1 in the numerator and the denominator AND uses
dy P

2sinGcos @ =sin 26 in the denominator to reach an expression of the form % =
d6 Q+Rsin20

3
AL: Fully correet proof with 4= 3 stated but allow for example —

2 1+sin26
Allow recovery from missing brackets. Condone notation slips. This is not a given answer
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(©

Explains that you need to solve y=x and x* —2xy+3y* =50
simultaneously and choose the positive solution

BIft

24

m

(10 marks)





image17.png
Notes:
(@)

M1: For selecting the appropriate method of differentiating cither 3)% —> Ay% or 2xy ~>Zx:—': +2y

It may be quite difficult awarding it for the product rule but condone  ~2xy —> —Zx%ny unless you
see evidence that they have used the incorrect law vi/-in'
AI: Fully correct derivative Zx—u%—zwsy% =0
Allow attempts where candidates write 2xdx—2xdy—2ydx +6ydy =0
& &

but watch for students who write E:h*h%*2y+6ya'mis.miism is AO unless you are

convinced that this s just their nofation. Eg ‘;_i =2x72x3—ﬁ72y+6y3_i =0
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MI: For a valid attempt at making %mg subject. with two terms in % coming from 3 and 2xy

dy _2y-2x

itisimplied by =25

This cannot be scored from atemps such as

T2 Zx772y+6ywhlchun.lyhzsm=wnm|mn.

with no errors or omissions.

d
Fo

or equivalent must be seen.

(b)
MI: Deduces that 3y =x=0 oe

1
MI: Atiempts to find either the x ory coordinates of P and 0 by solving their y = 3x with

x*—2xy+3y* =50 simultancously. Allow for finding a quadratic equation in x or y and solving
to find at least one value for x or .
‘This may be awarded when candidates make the numerator = 0 ic using y = x
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AL =x=()55 OR = y=(2)345

dM1: Dependent upon the previous M, it is for finding the y coordinate from their x (or vice versa)
‘This may also be scored following the numerator being set to 0 ie using y =x

Al: Deduces that P:(—sﬁ,—gﬁ] OE. Allowtobex=... y=..

(©

BIft: Explains that this is where % =0 and so youneed to solve y=x and x* —2xy+3y* =50
simultaneously and choose the positive solution (or larger solution).

Allow a follow through for candidates who mix up parts (b) and (c)
Alternatively candidates could complete the square (x— )’ +2)* =50 and state that y would

reach a maximum value when x = y and choose the positive solution from2)? =50
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Question
Number

Scheme

Marks

10.)0)

MI: Attempts to find the Y’ intercept.
Accept as evidence(~5)' x3 with or
without the bracket. If they expand
f(x) to polynomial form here then
they must then select their constant
to score this mark. May be implied
by sight of 75 on the diagram.

Al k =75.Must clearly be identified
as k. Allow this mark even from an
incorrect or incomplete expansion as
long as the constant k =75 is
obtained. Do not isw e.g. if 75 is seen
followed by k = -75 score MIAQ.

MIAL

(i)

only

¢ ; o¢ (and no other values). Do

not award just from the diagram —
must be stated as the value of c.

Bl

G)

(b)

£(x) = (2x—5)"(r+3) = (45" ~20x+25)(x+3) = 4x' —8x" —35x+75
Attempts f(x) as a cubic polynomial by attempting to square the first
bracket and multiply by the linear bracket or expands (2x~S5)(x +3) and

then multiplies by 2x~5

Must be seen or used in (b) but may be done in part (a).
Allow poor squaring e.g. (2x~5)° = 4x° +25

Ml
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(i) =)120°

16x-35%

MI: Reduces powers by 1 in all terms|
including any constant -0

'AT: Correct proof. Withhold this
mark if there have been any errors

including missing brackets earlier e.g.
(2x-5)'(x+3) =4’ ~20x+25(x +3)

MIAL*

(3)
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£1(3)=12x3" ~16x3-35

Substitutes x = 3 into their f'(x)or
the given '(x). Must be a changed
function i.e. not into f(x).

Ml

12x* —16x—35="25"

Sets their [ (x)or the given [/(x)~
their £(3) with a consistent ',
Dependent on the previous method
mark.

M1

12x° —16x—60=0

12x° —16x—60=0or equivalent 3
term quadratic e.g. 12x° ~16x=60.
(A correct quadratic equation may be
implied by later work). This is cso so
‘must come from correct work — i.
they must be using the given f'(x).

Al cso

(x-3)(12x+20)=0=x

Solves 3 term quadratic by suitable
‘method - see General Principles.
Dependent on both previous
method marks.

daM1

x= ; oe clearly identified. Ifx = 3

is also given and not rejected, this
mark is withheld.

(allow -1.6 recurring as long as it is
clear i.c. a ot above the 6). This is
cso and must come from correct
work — ie. they must be using the
given £1(x).

Al cso

6]

(11 marks)
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£(x) = (2x—5) (x+3) = £ (x) = (2x—5)° x 1+ (x+3) x4(2x —5)
MI: Attempts product rule to give an expression of the form
Px=5) +q(x+3)2x~5)

MI: Multiplies out and collects terms
Al: £1(x) =12x° —16x-35*
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Number

Scheme

Notes.

Marks

2x-7
3Jx

"Attempts (o splt the fraction into 2 terms
‘and obtains either ax* or fx-*. This may
be implied by a correct power of x in their
differentiation of one of these terms. But

beware of Bx ¥ coming from
20—

3

=20 =743

M1

Differentiates by reducing power by one for
any of their powers of x

M1
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Al 6x Do not accept 6x'. Depends on
second M mark only. Award when first seen
and isw.

AL 2x3. Must be simplified so do not
Depends

14
accepte.g. —x* butallow

. *
on second M mark only. Award when first
seen and isw.

@ ) e artaSatalet 5,
To)exraxtaddady AL 25 Mustbe simplified buallow e | AIATAIAL
I;f’m‘c e ;J‘— Award when first seen
andisw.
* Must be simplified butallow c.¢.
“ 7
% oreg ——. Award when first
6 oJx'
scen and isw.
Tovan otherwise fally correct solufion, penalise the presence of ¢ by deducting the final
Al
161
TUse of Quotient Rule: First MT and final ATAT (Other marks as above)
20 - 7)
Wr ) _3Wx(6r)-(20-7) Uses corvet quotint e Mt
@
AT Cormect frst torm of rumerator and
correct denominator AlAL

AL Al correct as simplified as shown

1068475 (o ull marks

o

6 marks
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Question Scheme Marks
8 @ | 2y =81 | Bloe
(L= 22x+x+2x+x) +4y = L= 12x+4y}
8 8 Making y the subject of their
== L:l2x+4(2 ) expression and substitute this | M1
ol ol into the correct L formula.
So, L=12x+ 162 AG Correct solution only. AG. | Al eso
131
162 i
® %:ufﬁ (= 122 Either 12x > 12 or = > =% | Ml
x Correct differentiation (need not be simplified). | Al acf

L'=0 and “their ¥’ =+ value ™

Substitute candidate’s value of

{x=3) L=120)+ 22 = 54 (em) x( 0)into a formula for L. | 94M!
¥
54| Al cao
161
3 Correct Tl L and considering sign. | M1
@ | fForx=3}, £ 222 .0 = Minimum 972
=3 I 222 and >0 and conclusion. | Al  [2]

=





image27.png
@

®)

©

BI: Forany correct form of 2x’y =81. (may be unsimplified). Note that 2x* = 81is B0. Otherwise,
candidates can use any symbol or letter in place of y.

MI: Making y the subject of their formula and substituting this into a correct expression for L.

Al: Correct solution only. Note that the answer is given.

Note you can mark parts (b) and (c) together.
2*MI: 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 gained until
candidate states value of x or L from their x without inequalities.

L'=0 can be implied by 12 = .

2% Al: ¥'=27 = x=+3 scores A0.

2™ Al: can be given for no value of x given but followed through by correct working leading to
L=54.

3% MI: Note that this method mark is dependent upon the two previous method marks being awarded.
MI: for attempting correct ft second derivative and considering its sign.

AL: Correct sceond derivative of 212 (nced not be simplified) and a valid reason (c.g. > 0), and
x

conclusion. Need to conclude minimum (allow x and not L is a minimu) or indicate by a tick that it is
aminimum. The actual value of the second derivative, if found, can be ignored, although substituting
their L and not x into L is A0. Note: 2 marks can be scored from a wrong value of x, no value of x
found or from not substituting in the value of their x into L”.

Gradient test or testing values either side of their x scores MOAO in part (c).

Throughout this question allow confused notation such as % for %
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%‘:ﬁ:‘l::‘ Scheme Marks
70) () yzzx(r'—l)‘:% (¥ =1) x2+ 2ux10x(x* ~1)' MIAL
x =1) (200 -24200%) = (2 -1)' (226 -2) MI Al
“@
(b) L2y = (224" ~2)..0=> critical values of M1
[ Al
@
i In(sec2) = & x2sec2y tan2. Bl
@ | x=in(ses2y) = G0 = oo x2ses2ytan2y
M1 M1 Al
“@
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Alt 1 (ii) | x=In(sec2y) =>sec2y=¢"
&
2sec2ytan2y == Bl
=2sec2ytan2y 3
I S ! MIMIAL
dr 2sec2ytan2y 2e’\fec 2y—1 2467 -1
@
Alt 2 (ii) BIMIMI
Al
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(@)
Ml Attempts the product rule to differeniate 2x(: ~1)* to a form A(x‘—l)ﬁxx"(x‘—
and A, B >0 If the rule is stated it must be correct, and not witha " —" sign.
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Any unsimplified but correct form (%] =2(x*-1) +20¢ (¥ 1)

For tking a common factor of (x” ~ )‘nul of a suitable expression
Look for A(x* -1) B (+* -1)" }—l)‘{A(E—
It can be scored from a vi/-u or simi

[ﬂ) =(x* 1)’ (22¢° -2) Expeat g(.x) t0 be simplified but accept % =(x-1)2(11x° -1)

There is no need to state g(x) and remember to isw after a correct answer. This must be in part (a).

&

Sets their -..0,>0 or %:om proceeds to find one of the critical values for their g(x) or their

iN] ‘but you may condone missing brackets

%:0 rearranged and +(x* ~1)'if g(x) not found. g(x) should be at least a 2TQ with real roots. If g(x) is

"
factorised, the usual rules apply. The M cannot be awarded from work just on (x> ~1) . 0ie x=1

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

Accept exact equivalents such as ..

a0 x..—= X, ——= orexact equivalentonly. Condone x..—= x,, ~——=. with x...Lx , ~1
N Tl equi ly. ¥ i oy 1.
Condone the word "and" appearing between the two sets of values.

£8 u g [H18-)
1

T I
Withhold the final mark if .. —— x,, ———, appears with values not in this region cg x,, Lx...—1
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(i)

Differentiates and achieves a correct line involving :—im ‘;3
y

& 1
Accept @ =y
dy

dr
For inverting their expression for <10 achieve an expression for -
dy

dr
x2sec2ytan2y, —-=-
see2ytanly, e

x-2sin2y Zs:cZylznZy%:e

‘The variables (on the rhs) must be consistent, you may condone slips on the coefficients but not the terms.
In the altemative method it is for correctly changing the subject

Scored for using tan’ 2y =+1+sec’ 2 and sec2y =" to achieve %or? in terms of x
v
it 2 . & dx
Alternatively they could use sin® 2y +cos® 2 = I with cos2y =e * toachieve < or ¢ in terms of ¥

dy
For the M mark you may condone sec? 2y = (e* ) appearing as "
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d_ 1
dr 21
1 &

d
Condone =% but do allow =
PN notallow G¢

Allow a misread on x=In(sec y) for the two method marks only

Final answer, do not allow if students then simplify this to eg. % -
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Scheme

Number Marks
8() 100, 40 Bl
L3 Ha0=65
0]
%Eu _ ek | M1
P P e e
dr (1+3e)
@
©D | At maximum 10" ~30e™*" xe** +270e ¥ xe ** =0
& (~10+240¢ **) =0
. et —2g |MI
1 10
~09r=In| 37 | =1 =T CH =353 | w1, A1
@G | sub =353 B =102 Al
@
@ |40 BI
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(B =)6s

For sight of %e” Ce* (Allow € =1)This may be within an incorrect product or quotient rule

Scored for a full application of the quotient rule. If the formula is quoted it should be correct.
‘The denominator should be present even when the correct formula has been quoted.

In cases where a formula has not been quoted it s very difficult to judge that a correct formula has been
used (due to the signs between the terms). So............._..

T
e
3 et s g

if the formula has not been quoted look for the order of the terms
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For the product rule. Look for ae **(1+3¢ ") +he e ™" (1+3¢ ") cither way around

Penalise if an incorrect formula is quoted . Condone missing brackets in both cases.

Al A correct unsimplified answer.
dp) 10" (143 ") +270¢ e ™ —10e """ +240e "
= 9 oe T
(1+3e) (143e)

Eg using quotient rule. ( simplified

T 0e (1+3¢ ") +270¢ Ve (143 ") 0e

Remember to isw after a correct (unsi

Eg using product rule (E)

fied) answer.

There is no need to have the %Mhmﬂlﬂknﬂleﬂ%

(€)(i) Do NOT allow any marks in here without sight/implication of % =0, % <0OR % >0
‘The question requires the candidate to find 7 using part (b) so it is possible to do this part using inequalities using
the same criteria as we apply for the equality. All marks in (c) can be scored from an incorrect denominator (most

likely v ), no denominator, or using a numerator the wrong way around e v'~u'y

MI Sﬂslhar% Onrlilemnncnmfohhcll% , factorises out or cancels a term in ¢ " to reach a form

Ae™*” = Boe. Alternatively they could combine terms to reach Ae ™ = Be™ ™! or equivalent

Condone a double error on ¢ ** xe ™" =¢ or similar before factorising. Look for correct indices.

If they use the product rule then expect to see their % =0 followed by multiplication of (1+3¢ )" before

similar work to the quotient rule leads to a form Ae™"” = B
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itis awarded for the correct order of operations, taking In's leading to £ =..
It cannot be awarded from impossible equations Eg ¢*** =—0.3

s 1=awrt 3.53 Accept 1= %wu) or exact oquivalent,
awrt 102 following 3.53 The M's must have been awarded. This is not a B mark.

Sight of 40
Condone statements such as 2 —>40 k...40 or likewise

Having set the numerator of their %:o and obtained cither ¢ = C (k may be incorrect) or e~ =Be "
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Question ‘Scheme Marks
dy) 4(x* +5)-4xx2x MIAL
2a) Q(— —
® dr (wesf
_[(a)_20 ax’
&) sy MIAL
“@
® 20-3% = x5 2 ritical values of 5 M1
(+5) 4
X <=5, x> V5 o cquivalent aMIAL
@)
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@m1

Attempt to use the quotient rule

correct. It may be implied by their u = 4x,u’ = 4, v=2"+5,/ = Bx followed by their

If the rule is neither quoted nor implied only accept expressions of the form
A(x*+5)—4uxBx
(#+s)

Alternatively uses the product rule with u(/v) =4x and v(/u)=(+* +s)" - If the rule is quoted it

L AB>0 You may condone missing (invisible) brackets

must be correct. It may be implied by their u = 4x,u’ = 4, v=1*+5,V' = Bx(x* 45)" followed by
their vu'+uv". If the rule is neither quoted nor implied only accept expressions of the form
A(x?+5) " tarxBe(x +5)"
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£'(x) correct (unsimplified). For the product rule look for versions of 4(x +5

4u2x(;#+s)"
A+ Byt v
oe. This is not dependent so could be scored from =
(< +5) v
whmmgpmdmnmkhsbmmdmuof4(x2+s)" ‘must be adapted.
4(5-x) a0 —4(x*-5)
( +5)’ (X +5) pnTrY

Simplifies to the form £'(x)

CAO. Accept exact equivalents such as (f'(x) =

Remember to isw after a correct answer

Sets their numerator cither =0 , <0, ., 0 >0, ..0and proceeds to at least one value for x

For example 20-4x"..0=> x./5 will be M1 dM0 A0.

It cannot be scored from a numerator such as 4 or indeed 20+ 4x”

Achieves two criical values for their numerator =0 and chooses the outside region

Look for x < smaller root, x> bigger root. Allow decimals for the roots.

Condone x,, /3, x..~/5 and expressions like —5 > x> 5

Ifthey have 4x* ~20<0 following an incorrect derivative they should be choosing the inside region
Allow x<—5,x>v5 x<—Sorx>v3 {xi-m<x<—VBuVS<r<m) [f>5

Do not allow for the Al x<—3and x>5 . ¥3 <x <5 or fx:—e <x<—VSn5<x<o}
but you may isw following a correct answer.
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Question Scheme Marks
5() y:c"ws4x:[%)::ﬁ4xx}c"4:"x45in4x MIAL
Sets cosdxx3e™ +e’ x—4sin4x=0=> 3cos4x —4sin4x =0 M1
M1
= x=awrt 0.9463 4dp Al
®
o
w=sin® 2y = gL =2sin2yx2eos2y MIAl
Uses sindy = 2sin2ycos 2y in their expression M1
b &1
& gindy o =Lcoseed
§ By s =S ooseedy MIAl
®)

(10 marks)
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i) Alt T 2nd M1
IstM1 Al

MIAL
®)

MIAL
M1

MIAL
®)

m MIAL

Uses x% =sin2y, ¥T=T =cos2y and sindy = 2sin2ycos2y in their MI
expression

MIAL
)
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(i)
M1 Uses the product rule uv'+vu' to achieve (%):Ae”mluilk”sinlix A,B=0
‘The product rule if sated must be correct

Al Correct (unsimplified) %:ms‘txxk!’+e”x45in¢x
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Sets/implies their %:Oﬁﬂmis:s/umds)by & to form a trig equation in just sin4x and cosdx

Uses the identity- :::’; =tandx, moves from tandx =C, C = using correct order of operations to
X=... Accept x=awrt 0.16 (radians) x = awrt 9.22 (degrees) for this mark.

If a candidate elects to pursue a more difficult method using Rcos(0-+a), for example, the
‘minimum expectation will be that they get (1) the identity correct, and (2) the values of R and
correct to 2dp. So for the correct equation you would only accept Scos(dx+awrt 0.93) or

Ssin(4x—awrt 0.64) before using the corret order of operations o x
Similarly candidates who square 3cosdx~4sindx =0 then use a Pythagorean identity should

L3 4
procced from cither  sindx = or cosdx = before using the correet order of operations

= x=awrt 0.9463.
Ignore any answers outside the domain. Withhold mark for additional answers inside the domain
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Uses chain rule (or product rule) to achieve +Psin2y cos 2y as a derivative.
There is no need for Ihs to be seen/ correct

If the product rule is used look for X:iAsinZymsZyiBsinZymZy
Both Ihs and rhs correct (unsimplified) . X = 2sin 2y x 2cos 2y = (4sin 2y cos2y) or

dy
I:ZsinZyxZn‘sZy%

Uses sindy = 2sin2ycos2y in their expression.
‘You may just see a statement such as 4sin 2y cos2y = 2sin4 y which is fine.
A

Candidates who write %: Asin2xcos2x can score this for %: sindx

Uses & / for their expression in y. Concenirate on the trig identity rather than the
@

coefficient in awarding this. Eg - & iy L

G =2cosced yis condoned for the M1

11
a'b

d_ 2
it dy—a+b donotallow

‘;x" %oosecli y If a candidate then proceeds to write down incorrect values of p and ¢ then do not

‘withhold the mark.
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Question Scheme Marks | AOs
2@ | f(x)=10e"* sinx
N . i [
=F/(x)=-25¢ " sinx +10e > cosx o
Al Lib
(x)=0= 2.5 sinx+106* cosx =0 Mi 21
Arx Lib
“@
(b) H
"Correct” shape for 2 loops | M1 Lib
Fully correct with | Al Lib
decreasing heights
T
@
(© | Solves tanx=4 and substitutes answer into (1) M1 3l
H@4T)=[10e5 sin4.47] M1 Lib
awrt 3.18 (metres) Al )
e
(@ | The times between cach bounce should not stay the same when the | b
heights of each bounce is getting smaller -
m

(10 marks)
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NB: See the three alternatives which may be less common but mark in exactly the same way. If you are.
uncertain as how to mark these please consult your team leader.

In Al I the second M is for writing L cosdy from cosdy =+1+2sin 2y
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Question Scheme Marks
6(a)
M1 Al
x4 7x 4(x+3)
I T e M1
e G2
_ 4
:H+3+‘x72) Al
@
£(x)=2x—
(b) (x)=2x G2 MIALft
Subs x=3 into fi(x=3)=2x3 =@
ubs x =3 into £'(x=3) o @) M
Uses m= with (3. £(3)) = (3.16) to form eqn of normal
y=16=3(x~3) or equivalent o | MIAL
®)

(9 marks)
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(@)
M1

Al
M1

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

@)+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 ¥’ - 2x" +3x—2and (¥ =2x* +3x-2) +(x-2)=x'+3
with a remainder of 4.
Division by (x—2) first is possible but difficult..please send to review any you feel deserves eredit.
Quotient = x* +3 and Remainder = 4x+12
Factorises x* +x~6 and writes their expression in the appropriate form.
X4 -3¢ 476 - - - Their Lincar Remainder
———5———— |=Their ient +-
( Ter6 Quadsaie Quot [
Itis possible to do this part by partial fractions. To score M1 under this method the terms must be
correct and it must be a full method to find both "numerators”
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Al P43+

(" 4= 3.8 = 4but don' penaliseafer acorrect satemen.
=

MU a0 ~
x-2 (x-2)

Ifthey fail in part (a) to get a function in the form x* + A+ —2— allow candidates to pick p this

Re+S
=T

‘method mark for differentiating a function of the form x* + Px+ 0+ using the quotient rule oe.

AR a0 5
X2 (-2

£1(x)in an attempt to find a numerical gradient

oc. FT on their numerical A, B for for A2+A+Lzonly
=

M1 For the correct method of finding an equation of a normal. The gradient must be — and the

1
their £'(3)
point must be (3,£(3)). Don't be overly concerned about how they found their f(3), ie accept x=3 y =.

L "(3) = (x~
FRE Yo (O O=(-3)

Ifthe form = mx + is used they must proceed as far as ¢ =

Look for y~f(3)=—

Al cso y—16=—(x~3) oesuchas 2y+x—35 = 0 but remember to isw afier a correct answer.




image50.png
Alt (a) attempted by equating terms.

Alt@) | x*+x’ =37 4 Tx-6=(x + A)(x* +x-6)+ B(x+3) Ml

Compare 2 terms (or substitute 2 values) AND solve simultancously ie

X = A4-6=-3, x=>A+B=7, const=>—6A+3B=-6
A=3,B=4 ALAL

M1

IstMark M1 Scored for multiplying by (x* +x—6) and cancelling/dividing to achieve
X 23 4+ Tx-6= (x7 + A)(x? 4 x-6)+ B(x£3)

3rd Mark M1 Scored for comparing two terms (or for substituting two values) AND solvis
to get values of A and B.

2nd Mark Al Either A=3orB= 4. One value may be correct by substitution of say x
4th Mark Al Both 4=3and B
Alt (b) is attempted by the quotient (or product rule)

ALT (b) o (o +x-6)(4x 4367 ~6x+7)~(x* +2’ =327 +7x-6)(2x+1) | mial
x)=
(x*+x-6) "
Ist3 | Subs x=3 into
marks

with u=x*+x' -3¢ +7x~6 and v=x*+x-6 and

(¥ +x-6)(- (x4 =327 +7x-6)(.
(« +x-6)

approach to the product rule with # =x*+x*~3x* +7x~6 and v

M1 Attempt to use the quotient rule

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

¥ 4x-6)"
4x+12
Y +x-6

Note that this can score full marks from a partially solved part (a) where f(x)=x* + 3+




image51.png
Question

Question Scheme Marks
5(a) | p= s or(21) Bl
m
o2 de -
(b) x=(4y—sin2y) :@:2{4}'&2;/)14—2“2};) MIAL
Sub yfg into gzz(4y—m2y)(4—2an2y)
dr &1
=>Z=ur (= 1
G2 C754) 1 Lmg(=o0n) M1
. x_1 .
Equation of tangent y — T(xdx ) Ml
Using , 1z7) with x—nﬂyfg cso ML, AL
©)

(7 marks)
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Alt (b)

05

1| x= @y =sin2y) = x5 <4y —sin2y
MIAL
:u.sﬁ”d—’:‘a—z‘xﬂy
&
"‘:I“” 6y278ysin2y+sin22y)
dy o ody & dy
1=32, —8sin 2, —16ycos2. 4sin2ycos2,

> de Yd‘ 24 Y‘h+ -y Yd: MIAL

Or 1dr =32y dy—8sin2y dy—16ycos 2y dy + dsin 2ycos2y dy.
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(a)
Bl p=4z* orexact equivalent (2r)
Alsoallow x = 4x*
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M1 Uses the chain rule of differentiation to get a form
A4y -sin2y) (8% Ceos2y). A4.B.C 0 on the right hand side
Alternatively atiempts to expand and then differentiate using product rule and chain rule to a

fmnx:(ls,kx}:s'nzymz zy] :% = Py+Qsin2y+ Rycos2y£Ssin2ycas2y PORS#0
A second method is to take the square root irst. To score the method look for a differentiated
expression of the form Px 0..=4-Qcos2y

A third method is to multiply out and use implicit differentiation. Lok for the correet terms,
condoning errors on just the constans.

. & 1 . .
4y—sin2y)(4-2cos2: e — both
(49 —sin2y)(4-2c0s2p)or <= ay—sinzy)(d-Deosy) "ot sides

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

dr . i
Inthe altemative °=32y—8sin2y—16ycos2y 4 4sin2y cos2y

nv:ned%.lividnmemlldbeminimal‘egyflgg,

Itis not dependent upon the previous M1 but it must be a changed x = (4y—sin2y)"

M1 Score for a correct method for finding the equation of the tangent at (‘4;r",§] .

Allow for V'

Allow for
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Evenallow for Y= :W(FP)

Itis possible o scorethis by stating the cquation y = 51—+ ¢ as long as ('41"
in a subsequent line.
Score for writing their equation in the form = +c and stating the value of ¢

Orsetting x=0 in their y— = L(x,u) and solving for ¥.

ix

1
241
At this stage all of the constants must be numerical. It s not dependent and it is possible to
score this using the "incorreet” gradient.

z

:myfgﬂlmldomlluveiosu(oni]

= =.. Such a method scores the previous M mark as well.
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@
MI: For attempting to differentiate using the product rule condoning slips, for example the power of e .

So for example score expressions of the form +...¢"
Sight of vau—udv however is MO

AL f'(x)=-2.5¢ " sinx+10e **** cosx which may be unsimplified

sinx+..e " cosx M1

MI: For clear reasoning in setting their f'(x) =0, factorising/ cancelling out the e ****term leading to a.
trigonometric equation in only sin.x and cosx
Do not allow candidates to substitute x=arctan4 into f'(x) to score this mark.

At*: Shows the sieps SPX = 10 o civalent leading to = tanx = 4%, % st be seen.
cosx 25 Cosx
(b)

M1: Draws at least two "loops”. The height of the second loop should be lower than the first loop.
Condone the sight of rounding where there should be cusps

AI: Atleast 4 loops with decreasing heights and no rounding at the cusps.
The intention should be that the graph should *sit’ on the x -axis but be tolerant.

It is possible to overwrite Figure 3, but all loops must be clearly seen.
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Question

Number Scheme Marks
9.a) | 3o+ 247 = (x-2h)x—k) BI
o G=SKE—h) ) (r=5K) _2r-2K)~(x-5k) MI
(=2h)x—k)  (@-2%)  (x-2%)
_ xtk At
T2
)
®) Applies "to yz%wim u=x+kand v=x-2k
_(=20)x1-(x+h)x1
:”X)’i(x—zkr’ M1, AL
-3k
=)= 5 Al
(x—2k)°
)
“Ck__ . . M1
(© 2 fi(x) is an increasing function as £'(x)> 0,
>0for all values of x as JEINExDegINe _ i Al
positive
@)

(8 marks)
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Bl Forseeing X —3kc+2k% =(x—2k)(x k) anywhere in the solution
M1 For writing as a single term or two terms with the same denominator
(e=5k) _ 20r-20)~(x=5k)
(=20 (-2

2 G=S—k) _ 2Aar=200x—K) ~(x=5Nx—) [7 Pk ]

Score for 2— or

(x Uy —k) (x—2K)x—k) 32k

+k
Al* Proceeds without any errors (including bracketing) to :ﬁ
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(b)
M1

Al

Applies =0 1o “Z‘; with u=x+kand v=x-2k.
If the rule it i stated it must be correct. It can be implied by u=x+kand v=x~2k with
their utv*and 20
W
- - . x-2k-xtk
If it is neither stated nor implied only accept expressions of the form £'(x) =T

‘The mark can be scored for applying the product rule to y
stated it must be correct. It can be implied by =x-+k and
u',v'and vu'+uv'

Ifitis neither stated nor implied only accept expressions of the form
£(3)=(x-26)" (x4 k) (x-24) "

(x4 k)(x - 26)" Ifthe rule itis
~2k)” with their

. 4
Alternatively writes y = *Z“ as y=1+ 3‘2 and differentiaes o z:( e
= = x-

Any correct form (unsimplified) form of £'(x).

_ (- 2K)x1-(+h)x1
===
£(x)=(x~2k)" ~(x+k)(x~2k) by product rule

3k
and f'(x)= PRy

by quotient rule:

by the third method
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dlow £'(x)= =

Al -

« 721;)1 o ¥+ 4

As this answer is not given candidates you may allow recovery from missing brackets
Note that this is Bl Bl on e pen. We are scoring it M1 Al

cao f'(x)=

Ifin part (b) £'(x) % ook for f(x) s an increasing function as £ '(x) / gradient > 0

=

Accept a version that states as k <0=>~Ck >0 hence increasing

Ifin part (b) £'(x) (( )::)1 . look for f(x) is an decreasing function as f'(x)! gradient< 0
x

Similarly accept a version that states as & < 0= (+)Ck < 0 hence decreasing

Must have £'(x)= and give a reason that links the gradient with its sign.

-3
(x-2k)°
There must have been reference to the sign of both numerator and denominator to justify the
overall positive sign.
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Question

Queston Scheme Marks
1) L x>2
. (x=2)x4-(4x+D)x1
R e MIAI
9 .
TN Al
[©]
(b) M
5.7 ALAL
[©]
6 marks
Alt 1.(a)
il
AL AI*

®)
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(@

Applies the quotient rule to (x) "’—*zlwm. u=4x+land v=x-2. If the rule is quoted it must be
.

e

correct. It may be implied by their = dx+1,v=x-2.u followed by **—"
v

(x-2)xA-(4x+D)xB

If neither quoted nor implied only accept expressions of the form T
=

48>0
allowing for a sign slip inside the brackets.

Condone missing brackets for the method mark but not the final answer mark.

Alternatively they could apply the product rule with u = 4x+1and v =(x—2)"". If the rule is quoted
it must be correet. It may be implied by their u = 4x+1,v=(x~2)
vu'tuy'.

Ifit is neither quoted nor implied only accept expressions of the form/ or equivalent to the form

(x=2)"'%C+(x+)xD(x-2)"

A third altemative is to use the Chain rule. For this to score there must have been some attempt to

divide fist to achieve f(x) =X *L_ 4

(x-2)"

followed by

before applying the chain rule to get

£ (2
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Al

Al*

(b)
M1

Al
Al

A correct and unsimplified form of the answer.
(r=2)x4-(dx+D)x1

Accept from the quotient rule
(x-2)
4x-8-4x-1 . . .
Accept =75 from the quotint ule even if he brackets were missing inlne |
.

Accept (x-2)" x4+ (4x+1)x~1(x~2) or equivalent from the product rule
Accept 9x—1(x~2)" from the chain rule

Proceeds to achieve the given answer = . Accept -9(x-2)"

9
(-2
All aspects must be correct including the bracketing.
If they differentiated using the product rule the intermediate lines must be seen.

. 4 Axdl _4x-2)-(@dx+D) -9
Eg. (x-2)" x4+ @dx+)x-1(x-2)" - =
el * D -2 2 G2

Sets ——2

1 and proceeds tox =....

(-2
‘The minimum expectation is that they multiply by (x—2)” and then either, divide by -1 before

square rooting or multiply out before solving a 3TQ equation.

A correct answer of x = 5 would also score this mark following ~1 as long as no incorrect

(-2

(5.7)orx =5,y =7. Ignore any reference tox =-1 (and y = 1). Do not accept 21/3 for 7
If there is an extra solution, x > 2, then withhold this final mark.
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Question

Number Scheme Merks
3 x:S—lan(Zx—]:x BI*
()]
dr .
® S =Btan2y+16y5ec’(2y) MIAIAL
1y
mP9,xna..zlﬂﬁiml(ui),{an) M1
@ 8% B
x MIAL
. accept -2 =0.049(x—
oz 8+dr P TR (x=7)
Q(X+4l{)y:x+); Al
m

(8 marks)
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(a)
BI*

(b)

Either sub y=Z into x:SyIan(Zy):x:Rx%mn(Zx%):){

Orsub x=71, y:% into x:Xylan(Zy):K:Rx%m(lx%):nxlzl

This is a proof and therefore an expectation that at least one intermediate line must be seen,
including a term in tangent.

z :,:m(z):,
8 4

revson(Zhs o/

‘This is a given answer however, and as such there can be no errors.

Accept as a minimum
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M1 Applies the product rule to 8y tan2yachieving Atan2y+ Bysec’(2y)

Al One term correct. Either 8tan 2yor +16ysec’(2y) . There is no requirement for ‘;ﬂ -
1y
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(€)
:Vl,l: Understands that to solve the problem they are required to substitute an answer to tant =4 into H(r)
‘This can be awarded for an attempt to substitute £ =awrt 1.33 or £ =awrt 4.47 into H ()
H(t)=6.96 implies the use of £ =1.33 Condone for this mark only, an attempt to substitute
awrt 76° orawrt 256° into H (1)

MI: Substitutes 7 =awrt 4.47 into H(t)=|10e"** sint |. Implied by awrt 3.2

Al: Awrt 3.18 metres. Condone the lack of units. If two values are given the correct one must be seen to have
been chosen
Itis possible for candidates to sketch this on their graphical calculators and gain this answer. If there is no.
incorrect working seen and 3.18 is given, then award 111 for such an attempt.
@
B1: Makes reference to the fact that the time between each bounce should not stay the same when the heights of
each bounce is getting smaller.
Look for " time (or gap) between the bounces will change”

*bounces would not be equal times apart

“bounces would become more frequent’
But do not accept ‘the times between each bounce would be longer or slower®
Do not accept explanations such as there are other factors that would affect this such as "wind resistance”,
friction etc.
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Al

M1

M1

Al

Both Ihs and rhs correct. %:8m2y+lﬁysecl(2y)

Itis an intermediate line and the expression does not need to be simplified.
d_ 1

& 2
Accept & tan 2y x8+ 8y x 2sec(2; —
o gy BBy s ) O BT By Zseet 2y)

" v 225 Y
differentiation 1= tan 2y x8 X+ 8y x 2sec’(2y) L
ifferentiation yx8- *8y Wy
- T L dx dy N
For fully substituting y = into their S*or < o find a ‘numerical' value
3 &

Accept &~ awrt 20,6 or & = awrt 0,05 as evidence
a ax

For a correct attempt at an equation of the tangent at the point (,,,

‘The gradient must be an inverted numerical value of their ‘;3
dy

‘Wach for negative reciprocals which is MO
If the form y = mx+cis used it must be a full method to find a ‘numerical” value to c.

A correct equation of the tangent.

T
y- 1 . 1 T
Accept —8& orif y=my+cis used accept m= and
or Searo Y P TR R

Watch for answers like this which are correct x—7 :(B+4x)[y— ’s')

or using implicit
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Accept a mixture of decimals and 7's for example 20.6[

Correct answer and solution only. (8+47)y = x+2—

Accept exact alternatives such as 4(2+7)y = x+0.57" and because the question does not ask for
a and b to be simplified in the form ay = x +b, accept versions like

(x+4x)y:x+§(x+4,)—xa..d(xnz)y:n(xnn)(” z ]

8 8+4r
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Question

Number ‘Scheme Marks
8. p=S00 80059 MILAI
1+3"7 143
@
) 250300
1+3¢'
250(1+ 36 = 800" = 5062250, = ¢V =5 MLAL
1
1zflln(5) Ml
1=10In(5) Al
@
© m“h dP:(l+3c )x800x0.1e' u;8,00= x3x0.1¢' MIAIL
T3 dr T3
At=10
£7 +3¢)XW€:240¢ _ Sﬂz’ MLAL
dr (1+3e)* (1+3e)*

)





image69.png
?:zmﬂmacmmvxzm Bl

(O]
(11 marks)

@
M1 Subt=0into P and use ¢

in at least one of the two cases. Accept P

as evidence
Al 200. Accept this for both marks as long as no incorrect working is seen.
o

®)
800¢! .
M1 Sub P250 o P= =25, cross maltiply, collect tems in ¢*and proceed
+3¢f

to A" =B

Condone bracketing issues and slips in arithmetic.

If they divide terms by " you should expect to see Ce™" = D
Al
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M1 Dependent upon gaining e* = £ , for taking In’s of both sides and proceeding to
[

Accept ¢ = E=> 0.1t =In £ =1 =...1t could be implied by = awrt 16.1
Al 1=10In(5)
Accept exact equivalents of this as long as a and b are integers. Eg. 1 = 5In(25)
is fine.
©)

M1 Scored for a full application of the quotient rule and knowing that

%,n 1 = ke and NOT ke

1f the rule is quoted it must be correct.
It may be implied by their u =800e®", v =1+3¢"",u

followed by

Ifit s neither quoted nor implied only accept expressions of the form
(1436 x pe ~800e™* x g

(1+3¢)?
Condone missing brackets.
You may see the chain or product rule applied to

For applying the product rule see question 1 but still insist on %e““ =k
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For the chain rule look for
_B00e T B0 9P g00x(et +3) x0u1e ™
Te3e ¢T3 dr

Al A correct unsimplified answer to

dP _ (1+3¢"")x800x0.1e"" ~800e™" x 3x0.1e""

dr (143"

M1 For substituting ¢ =10 into their %. NOTP

Accept numerical answers for this. 2.59 is the numerical value nr;g was correct
it
Al dP_ 80e dP 80e

<o ivalent such 80e(1+3e)* ———
U ey o cauivalentsuch as “g- =80e(l+3¢), 72000

Note that candidates who substitute £ =10 before differentiation will score 0 marks
(@

Bl Accept solutions from substituting P=270 and showing that you get an
unsolvable equation

e 270-7 00 27 =% = 0.1 = In(~27) which has no answers.
Eg. 270 :% = -27=¢" = ¢™ /¢ is never negative
"
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Accept solutions where it implies the max value is 266.6 or 267. For example
accept sight of # with a comment *so it cannot reach 270, or a large value

of £ (1>99) being substituted in to get 266.6 or 267 with a similar statement, or
a graph drawn with an asymptote marked at 266.6 or 267
Do not accept exp's cannot be negative or you cannot In a negative number
without numerical  evidence.
Look for both a statement and a comment
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Question

Number Scheme Marks
dr N 6sin3y
5(a) a:bdsec}ysec}ylanly:(ﬁec 3ytan3y) (ne m,]y] MIAL @
M1
Uses oL igopain Lo L
) & & dr 6sec’3ytandy
s
tan*3y =sec?3y -1 Bl
Uses sect3y=x and tan*3y =sec*3y~1=x-1 oget Lor Linjustx. | w1
o« dy
CSO | op+ @
© MIAL
6-9x 2-3x
T Toa T dMIAL
360G- 1221y
“@

(10 marks)
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Alel
t05(a)

Alt2
t05(a)

Alt1

To5(c)

x=(cos3y)* = ;3 =-2(cos3y)” x-3sin3y
y

x:sec]yxsecly3;E:sec]yx3wc3yhn3y+sec3yx35¢c3yhn3y
y

-+ (D -]

=43 (=) =5+ (Dx-D]

2(x—1)H2-3x] oe

MIAL

MIAL

MIAL

am1

Al

“@
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Notes for Question 5

(@)
M1 Uses the chain rule to get Asec 3y sec3y tan3y =(4sec’ 3y tan3y).
‘There is no need to get the Ihs of the expression. Alternatively could use
the chain rule on (cos3y) ™ = A(cos3y)~sin3y
+
or the quotient rule o —— = ZAc0sysindy
(cos3yy (cos3y)’
Al ;ﬂ =2x3sec3ysec3ytan3y or equivalent. There is no need to simplify the rhs but
y
both sides must be correct.
®)
M 1o getan expression for 2. Follow through on their &=
ar dy
Allow slips on the coefficient but not trig expression.
Bl Writes tan’ 3y = y—1 or an equivalent such as tan3y = ysec’ and

uses x =sec* 3y to obtain either tan®3y =x~1 or tan3y=(x~1)
All elements must be present.
Ny

Accept

1
ST

1 the differential was in terms of sin3y,cos3y it is awarded for sindy =7
x
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14
Ml Llb
Al Llb
@
®) (i) Uses sin2y ~ 2y when y is small to obtain x ~ 8y Bl Llb
(ii) The value found in (a) is the gradient of the line found in (b)(i) Bl | 24
@
© | Uses their P as a function of y and, using both sin’ 2+ cos® 2y =1
dx
. Cdydx '
and x = 4sin2y in an attempt o write < or —as a function of x M |2
& g -
ly
&, 1 1
Allow for ===k ———=..:
& o2y T T
Al Llb
Al Llb
k]

(7 marks)
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M1 Uses sec’3y=x and tan’3y =sec’3y—1=x-1 or equivalent mgﬂ% in

justx. Allow slips on the signs in tan® 3y =sec’ 3y -1
It may be implied- see below

Alr CSO. This is a given solution and you must be convinced that all steps are shown.

Note that the two method marks may oceur the other way around

Eg. %:Gsec’ 3ytan3y =6x(x~1)? = =
y

Scores the 1 method

‘The above solution will score M1, B0, M1, AQ
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Notes for Question 5 Continued

Example 1- Scores 0 marks in part (b)

dx N dy 1 1 1
=6sect3ytandy = Lo -— - .

dy dv 6sec’3xtan3x  6sec’ Ivvsec 3x—1 6x(x-1)*

[Example 2- Scores MIBIMIAO

& sectdyndy> Lo - ! JER—

dy dr - 2sec3ytan3y  2sec’3yyfsec’3y-1 P

(c) Using Quotient and Product Rules

M1 Uses the quotient rule ~*—""with u =1and v=6x(x~1)? and achieving

v

and v'= A(x—1)? + Bx(x—1)
1f the formulae are quoted, both must be correct. If they are not quoted nor implied by their
working allow expressions of the form

3 _0-[A(x-1 + Bx(x-1)] 0-A(x—1) + Bx(x—1)*
- [ 1)’ o CE(x-1)
6x(x-1)°

d’y 0-[6(x—1) +3x(x-D]
36x7(x—1)

u'=

Al Comrect un simplified expression
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dMI  Multiply numerator and denominator by (x—1)? producing a linear numerator which is then

simplified by collecting like terms.

Alternatively take out a common factor of (x~1) * from the numerator and collectlike _terms from the
linear expression
“This is dependent upon the 1* M1 being scored.
Al Comeet simplified expression 2 = %73’%
@ 1201
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Notes for Question 5 Continued

() Using Product and Chain Rules

M1 Writes ﬂ:% Ax”'(x—1) and uses the product rule with  or v=Ax"' and
bx(x—1)*
voru=(x  If any rule is quoted it must be correct.

If the rules are not quoted nor implied then award if you see an expression of the form

) —xBx"iC(x—l)'%xx"

[ (D=1 + (D Gx-1)F]

M1 Factorises out /uses a common denominator of x *(x ~1) producing a lincar factor/numerator which
must be simplified by collecting like terms. Need a single fraction.
dly

Al Correct simplified expression P (x-1)H2-3x] oe
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1g Quotient and Chain rules Rules

-’

MI Uses the quotient rule

with = (x~1) * and v = 6x and achieving

3
A(x-1)Zandv'=B.

If the formulae is quoted, it must be correct. If it is not quoted nor implied by their working allow an
expression of the form

[}i{j Cr(x-1

(x—l)% —(x—n'% X6
(6x)°
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3
dMI Multiply numerator and denominator by (x—1)? producing a linear numerator which is then
simplified by collecting like terms.
3
Alternatively take out a common factor of (x 1) from the numerator and collect like terms from the

lincar expression
“This is dependent upon the 1 M being scored
Al Comeet simplified expression 9% = — 273

(2-3x) (-1t
- oe
@ 126 (- )

12
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Notes for Question 5 Continued

(©)
M1

M1

Using just the chain rule
wites ¥ 1

< uﬁx‘—aﬁr’)'?mdpmbymecmm rule to
6x(x—-1)7  (36x" -3

A(36x" -36x° )'§(Br’ ~Cx)
‘Would automatically follow under this method if the first M has been scored
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Question

o Scheme Marks

L@ MIAl
@

& . "
(b) T=5x@r-3)"x2 or 10Qr-3) MIAl
wmx:;,ﬂmdm:mo il
Equation of tangent is '160" = i
cso |Al

®

(7 marks)
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(@

M1
Al

il

Al

il

M1

Substitute y=-32 into y = (2w~ 3) and proceed to w=..... [Accept slip on sign of y, ie y=+32]
Obtains wor 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 s seen.

Attempts to differentiate y = (2~ 3)° using the chain rule.
Sight of +A(2x~3)* where A is a non- zero constant is sufficient for the method mark.
A correct (un simplified) form of the differential.

Sx(2x-3)'x20r ‘%’ 102x-3)*

d
Accept &
ceep

‘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 () into their differential to find the
numerical gradient of the tangent

Award for a correct method to find an equation of the tangent to the curve at P. It is dependent

upon the previous M mark being awarded.
Award for 'their 160" =

32)

x—their' L
2

If they use y =nx+c it must be a full method, using m= ‘their 160", their * % > and -32.

An attempt must be seen to find c=....
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Al cso y=160x-112. The question is specific and requires the answer in this form.
You may isw in this question after a correct answer.
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@
MI: Attemps to differentiate x = 4sin 2y and inverts.

Allow for &~ keos2y = & orl=keos2y oW1

dv dr - keos2y de dv kcos2y

x:4sinly~>y:mnsin[£) &

4) ax

Alternatively, changes the subject and differentiates

d

It is possible to approach this from x =8sin ycosy = de +8sin’ y+8cos’ y before inverting
dy
& 1

Alg=g

Allow both marks for sight of this answer as long as no incorrect working is seen (See below)

‘Watch for candidates who reach this answer via d—x Scuslxéd—y L
@ dx " Bos2x

‘This is MO A
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Question

o Scheme Marks
5 | ()@ %:3x1xln2x+x)xix2 MIAIAL
=32+ 2
[©)]
(i)b) %:3(x+sinlx)1x(l+2&:os2x) BIMIAL
[©)]
dx >
(i) —-=-cosec’y MIAL
dy
il
Uses cosecty =1+cot’ yand x=coty in Lor (o getan expression i x
Ay
cso | M1, Al
©)

(11 marks)
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(i)(b)

M1

Al

Al

Bl
il

Al

Applies the product rule vu'+uv’ to x’In2x .
If the rule is quoted it must be correct. There must have been some attempt to
differentiate both terms. If the rule is not quoted (nor implied by their working, with
terms written out u=....u’ =....followed by their vu*+uv’) then only
accept answers of the form

Avxin2eex'xE where 4, Bare constants0
x

One term correct, either 3x*x In 2x or x’x%xz

Cao. % L\}xln7_x+x’lelxz,Theunswefﬂm not need to be simplified.

For reference the simplified answer is ‘3; =3¢ In2x+x* =x*Gln2x+1)

Sight of (x+sin2x)*

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 Deos 2x)
where C and D are non- zero constants.

Alternatively accept u=x-+sin2x, 1= followed by Cu* x their u'

Do not accept C(x+sin2x)* x 2cos 2x unless you have evidence that this is their ”
Allow “invisible’ brackets for this mark, ie. C(x +sin2x)* x1+ Dcos2x

Cao % =3(x-+sin 2x)? x (1+2c0s 2x) . There is no requirement to simplify this.
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You may ignore subsequent working (isw) after a correct answer in part (i)(a) and (b)

(ii) M1 Writing the derivative of coty as -cosec’. It must be in terms of y

Al %:ﬂmsec’ym‘ 1:—oomly%,nnu.uummsmmbemma
v

M1 Using %: !

Y

M1 Using cosec’y =1+cot’ y nndx:cmymgﬂ%m?wslinmsnfx
y
Note that this may be reached before the previous M, BUT is still recorded as the 4" mark on epen
&1
Al eso Lo
& e

Alternative to (a)(i) when In(2x) is written Inx+n2
M1 Writes x’In2xas x'In2+x' Inx
Achieves Ax* for differential of x*In2 and applies the product rule vu™+uv’ to x'Inx

Al Either 3¢ xIn2+ 3¢ Invor ' x -
x

Al A correct (un simplified) answer. Eg 3x° xIn2+3x" Inx +x x
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Alternative to 5(ii) using quotient rule

il

Al

il

Ml

Al

Writes coty as <22 and applies the quotient rule, a form of which appears in the
siny

formula book. If the rule is quoted it must be correct. There must have been some attempt
to differentiate both terms. If the rule is not quoted (nor implied by their working,

_followed by their 21"y

‘meaning terms are written out u

yxdsiny—cosyxteosy
(siny)®
Correct un simplified answer with both Ihs and rhs correct.

only accept answers of the form

dx _sinyx—siny—cos yxcosy ety
dy (siny)*
oy 1
Using "=~
dy
Using si cosec’yand cosec’y =1+ cot” yto get %nr;ﬁmx
v

cso &
dr
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Alternative to 5(ii) using the chain rule, first two marks
M1 Writes cot y as (tan y)" and applies the chain
Accept answers of the form ~(tan y)* xsec’ y

rule (or quotient rule).

Al Correct un simplified answer with both Ihs and rhs correct.

dx .
G ey Trsecty
by

Alternative to 5(ii) using a triangle — last M1

M1 Uses triangle withtan y

o0 & it in temms of
& @y

find siny

x

and get

1
x=coty=tany=—
x
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Question

Number Scheme Marks
2 w2t 8 _2Pe9raaed-1s MIAL
X2 X 45 (142 +3) (42 +5)
_2a(x+2)
T (x+2)(¥*+5) Ml
_ Al
T +5)
[C]
(2 +5)x2-2xx2x
(®) b= TS MIAL
,‘(),H N
[©)]
(¢) Maximum occurs when h'(x)=0=10-2x* = 0= x= il
Sx=y5 Al
When x=+/5 = h(x) ‘/sg MILAL
Range of h(x) is Osh(x)sé Alft
©)

(12 marks)
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(a)

M1

Al

Combines the three fractions to form a single fraction with a common denominator.
Allow slips on the numerator but at least one must have been adapted.

Condone ‘invisible” brackets for this mark.

Accept three separate fractions with the same denominator.

Amongst possible options allowed for this method are

20454454218 Eg | An example of ‘invisible® brackets

(s
A +5) Eg 2An example of  slip (on middle term). 1 term has been adapted
[T e T T
AP 4 s 5 +5x+2) Eg 3 An example of a correct fraction with a different denominator
42 4S)

Award for a correct un simplified fraction with the correct (lowest) common denominator.
2 +5) +4(x+2)-18
(D)

Accept if there are three separate fractions with the correct (lowest) common denominator.
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il

Al*

(b) M1

Al

Al

18
5) (x+2)+5)

Note, Example 3 would score MIAO as it does not have the correct lowest common denominator
‘There must be a single denominator. Terms must be collected on the numerator.

A factor of (++2) must be taken out of the numerator and then cancelled with one in the
denominator. The cancelling may be assumed if the term *disappears”

Cso —2X
w5

This is a given solution and this mark should be withheld if there are any erors.

‘227’5), a form of which appears in the formula book.
*+

Applies the quotient rule to
If the rule is quoted it 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

vu'-uv'

v

followed by their

) then only accept answers of the form

G
@5
(2 +5)x2-2rx2x
(45
1022 The correct simplified answer. Accept 26=%)  Z2=5) __10-2¢
<57 W ey welrin)

Correct unsimplified answer p(x) -

B

DO NOT ISW FOR PART (b). INCORRECT SIMPLI]

[CATION IS A0
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() Ml
Al
il
Al

Alft

Sets their h’(x)=0 and proceeds with a correct method to find x. There must have been an attempt
to differentiate. Allow numerical slips but do not allow solutions from ‘unsolvable’ equations.
Finds the correct x value of the maximum point x=V5.

Ignore the solution x=-V5 but withhold this mark if other positive values found.

Substitutes their answer into their h’(x)=0 in h(x) to determine the maximum value

V5 25

Cso-the maximum value of h(x) . Accept equivalents such as 1—05 but not 0.447

Range of h(x)is 0< h(x) < *c-. Follow through on their maximum value i the M's have been

e

scored. Allow 0<y< X2 0.< Range < butnot 0<x <X,
5 B 5 B

If a candidate attempts to work out /”'(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 (c) ean be scored together.
Any correct answers without working must be sent to team leaders via review

Alternative to (b) using the product rule

M1

Al

Al

Sets h(x)=2x(x* +5)"" and applies the product rule vu’+uv’ with terms being 2x and (x*+5)"
If the rule is quoted it 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 followed by their vu™+uv’) then only

accept answers of the form

(2 45) x A+ 2exEBx(x’ +5)°

Correct un simplified answer  (x* +5)" x 2+ 2xx~2x(x’ +5)*

‘The question asks for h’(x) to be put in its simplest form. Hence in this method the terms need
1o be combined to form a single correct expression.
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For a correct simplified answer accepl
= 10-2¢° _2(5-x) -2 -5)
T (P45 (P57 (;hs)‘

—(m 26%)(x* +5)7




