Differentiation- Mark Scheme
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1.

Question Scheme Marks AOs
12(a) | f(x)=10e """ sinx
. i M1 l.1b
=f'(x)=-2.5¢""" sinx +10e™"" cosx oe
Al l.1b
f'(x) =0 = -2.5e** sin x +10e** cosx =0 M1 2.1
sinx _ 10 ny—4s Al L.1b
cosy 2.5
(4)
(b) b H
"Correct” shape for 2 loops M1 l.1b
Fully correct with Al l.1b
decreasing heights
i
(2)
(e) Solves tanx =4 and substitutes answer into  H (1) M1 3.la
H(4.47) = |Iﬂe BT 5in 4.47 Ml 1.1b
awrt 3.18 (metres) Al 3.2a
3)
(d) The times between each bounce should not stay the same when the
] . . ) - Bl 3.5b
heights of each bounce is getting smaller
(1)

(10 marks)




(a)
M1: For attempting to differentiate using the product rule condoning slips, for example the power of e .

—0. 5 x -0.35x

So for example score expressions of the form *..e sinxyt..e cosx MI

Sight of vdu —udv however is M0

Al: f'(x)=-2.5¢"""sinx+10e™"" cos x which may be unsimplified

M1: For clear reasoning in setting their f'(x) =0, factorising/ cancelling out the e -~

term leading to a
trigonometric equation in only sinx and cosx

Do not allow candidates to substitute x=arctan4 into f'(x) to score this mark.

sinx 10 . . sin x
Al*: Shows the steps = ——or equivalent leading to = tanx =4%*. must be seen.
cosx 2.5 cos X

(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

Al: At least 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.

(c)

M1: 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 f = awrt 1.33 or + = awrt 4.47 into H(f)
H(t)=6.96 implies the use of 1 =1.33 Condone for this mark only, an attempt to substitute
t=awrt 76° orawrt 256 into H (1)

M1: Substitutes f =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
It is 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.
(d)
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



14 (a) Attempts to differentiate x = 4sin2y and inverts

dx dy 1 MI L1k
@ =8ecos2y—= P 8cos2y
dy 1
— =_ Al L1k
At (0,0) -8
(2)
(b) (1) Uses sin2y = 2y when y is small to obtain x = 8y Bl L.1b
(ii) The value found in (a) is the gradient of the line found in (b)(i) Bl 24
(2)
() Uses their & as a function of y and, using both sin” 2y +cos” 2y =1
dx
. . . ody .
and x =4sin2y in an attempt to write — or — as a function of x M1 1]
dv dy ’

dy 1
Allow for E cus 2} J]

A correct answer — = ————ow —=8 ’
Al 1.1k
8 ‘1—
and in the correct form ﬂ= ;ﬁ Al I.1b
dr  2416—x"
(3)
{7 marks)
(a)
M1: Attempts to differentiate x =4sin 2y and inverts.
Allow for ﬁ:kmsjly:}d—y=; or I:kcoszyd_y:; d_y :;
dy dv  kcos2y dr  dr  kcos2y

. . X
Alternatively, changes the subject and differentiates * 4sin2y — y= ...an.sm{;] s

. dx .
It is possible to approach this from x =8sin ycos y => — = +8sin” y £ 8cos” y before inverting
dy
dy

|
Al: ax = Allow both marks for sight of this answer as long as no incorrect working is seen (See below)

8



: . . dy d 1 -
Watch for candidates who reach this answer via — =8cos2x = b AP This 15 M AD
dy dr 8cos2x
(b)(i)
B1: Uses sin 2y = 2 when v is small to obtain x =8y oe such as_r=4[2y) ;
Do not allow sin 2y = 2@ to get x =8@but allow recovery in (b)(i) or (b){ii)
Double angle formula 15 BO as it does not satisfy the demands of the question.
(b)(ii)
B1: Explains the relationship between the answers to (a) and (b) (1).

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 1
Allow for example "The gradients are the same (: EJ“ “both have m= T ’

|
Do not accept the statement that § and E_ are reciprocals of each other unless further correct work explains

. . cdx dy
the relationship in terms of — and —
dy dx
(c)
M1: Uses their d—yas a function of y and, using both sin” 2y +cos” 2y =1 and x = 4sin 2y, attempts to
dx
d dx d
write —yor —as a function of x. The b may not be seen and may be implied by their calculation.
de dy dx

dy dy 1

dx
Al: A correct (un-simplified) answer for —or — Eg. — = ——n—0xu
de dy dx g h-[* )
4
d 1 d
Al: s The d must be seen at least once in part (¢) of this selution

Alt to (¢) using arcsin

M1: Alternatively, changes the subject and differentiates x=dsin2y — y =..arcsin [iJ L.

2

X ]
Condone a lack of bracketing on the z which may appear as T
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3.
Question Scheme Marks AOs
L(a) dy -1 M1
iy —=2x-2-12x * Al
2. IE]
{11) —‘:=2—ﬁ':' 2 Blft 1.1k
3
(b) . . . dy 2
Substitutes x =4 into their 3:2x4—2—|2x4 = M1 1.1k
dy . . q
Shows d__ = [l and states "hence there 1s a stationary point" oc Al 2.1
X
(2)
. : dly 3
Substitutes x =4 into th-.:|rr:2+ﬁk4 : :[2.75] M1 L.1b
r' )
(<) pE
d_{.- =2.75>0 and states "hence minimum” Alft 2.2a
=
(2)
{7 marks)
(a)i)
e dy 3o A < . N
M1: Differentiates to i =Ax+B+0x * Al: o =2x-2-12x * (Coefficients may be unsimplified)
is X
(a)ii)
Blft: Achieves a correct —'],'-f-:-r their — ( Their —— must have a negative or fractional index)
dy dx dr
(b)
. . . dy . dy
M1: Substitutes x =4 into their d_;and attempts to evaluate. There must be evidence d_; =_.
X X yag

dy 36 _

Alternatively substitutes ¥ =4 into an equation resulting from i =0 Eg. (x— |}: and equates

X
Al: There must be a reason and a minimal conclusion. Allow « , QED for a minimal conclusion
d F
Shows d__} = (Jand states "hence there is a stationary point” oe
X
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

()

MI1: Substitutes x =4 into thr.:]:'? and caleulates its value, or implies its sign by a statement such as
-

’]

dy
when r=4—= —‘: = (). This must be seen in (¢) and not labelled (b). Alternatively calculates the

gradient of C either side of ¥ =4 or calculates the value of y either side of x =4
Alft: For a correct calculation, a valid reason and a correct conclusion. Ignore additional work where



¥ 1

¥ ¥
candidate finds d:'_ left and right of x =4. Follow through on an incorrect E but it is dependent upon

having a negative or fractional index. Ignore any references to the word convex. The nature of the turning
point is "minimum".

Using the gradient look for correct caleulations, a valid reason. .. goes from negative to positive, and a
correct conclusion . _.mimimum.

Question Scheme Marks | AOs
5
dy _(Esini‘?+2ms€}30059—35in9[2cosi—?—zsinﬂ] Ell H:
déa [25ini—?+2msf?]l )
Expands and uses sin” @+ cos” @ =1 at least once in the numerator or the
denominator o MI 3.1a
oruses 2sinfcos@=sin28 in — === -
df C'sinfcos &
Expands and uses sin” @+ cos” @ =1 the numerator and the denominator
) ) _ dy P M1 2.1
AND uses 2sinfcosf=sm2fdin =>—=—rn-e--—1-———
df? O+ Rsin2d
dy 3 A
—_—= = - Al l.1b
df?  2+2sin28  l+sin2f
(5 marks)
Notes:
M1: For choosing either the quotient, product rule or implicit differentiation and applying it to the given
i dy M dy :
function. Look for the correct form of @ (condone it being stated as d,_}\' ) but tolerate slips on the
_ d(sin®) d(cos®) .
coefficients and also condone ————= =*cosf and ———— =*sinf
déo dog
; dy (2sin@+2cos@)x+...cosf—3sinf(+...cosf+...sin )
For quotient rule look for — = . 5
d (2sin@+2cosB)

For product rule look for

:—)9 = (25in6’+2cos¢9)“l x*+...cos @+ 3sin 49x(25in¢9+20059)'2 x(i-...cosHi...sin&)

: : dy
Implicit differentiation look for(...cos @+ ...sin 0) y+(2sin@+2cos 9) E)b- =...cos

dv dv
Al: A correct expression involving i0 condoning it appearing as -d.i
X



. 2 2 . .
M1: Expands and uses sin” #+cos” #=1 at least once in the numerator or the denominator OR uses

: : dy
2sinfcos@=sin20 in = — = ,
df ....Csinfcos@
M1: Expands and uses sin® @+ cos® @=1 in the numerator and the denominator AND uses

2sinfcos @ =sin 26 in the denominator to reach an expression of the form b _ ; :
d@ (Q+Rsin2d

%
l+smn 28
Allow recovery from missing brackets. Condone notation slips. This is not a given answer

3
A1: Fully correct proof with A = 3 stated but allow for example

(Question Scheme Marks As
a 5 dv dv
He) Either 3y~ —r.ﬂij'd;l_ oF 21}'—}21‘d_;l+23' MI 2.1
dy dy
Sy L ey § T P — = Al 1.1k
2y—2x Y + 6 i 0
{ﬁ}'—zr]ﬂ=2r—3r M1 2.1
d.- r
dv 2y—-2x y-—x
= == — ® "
de  6y-2x 3y-x Al L1k
{4)
(b) ( dy
| At Pand ) =— — = | Deduces that 3y —x=0
\ dx M1 2.2a
Solves ¥ =l.1' and x° —2xy+3y" = 50 simultancously M1 3la
. 5
=x=(£)543 ORr :>J'={i}gﬁ Al 1.1b
. 1
Using y=gx=x=. AND y=.. dM1 .1k

P=[—Sﬁ_—§ﬁ] Al 2.2a
A




() Explains that you need to solve y=x and x —2:&}’+3_}‘1 =50 Blf 24
simultaneously and choose the positive solution ‘
(1)
(10 marks)

Notes:
(a)

| | Ly dy
M1: For selecting the appropriate method of differentiating either 3y~ — Ay i 2xy — Zxa +2y

dv
[t may be quite difficult awarding it for the product rule but condone —2xy — —2x E'} + 2y unless you

see evidence that they have used the incorrect law vu'-1n'

Al: Fully correct derivative Z.T—ZTE— 2_:]3+l5~_j|.JE =0

dx dx
Allow attempts where candidates write 2xdy —2xdy —2ydx +6ydy =0
dy dy dy
but watch for students who write E'P =2x—2x E'P -2y+6y E'P This, on its own, is A unless you are
dv dv dv
convinced that this is just their notation. Eg E} =2x—2x E} —2y+ G}IE} =0

d dy .
M1: For a valid attempt at making Eythe subject. with two terms in T:: coming from 3y~ and 2xy

.d J ] | -
Look for (-.£...) 5o = ..... Itisimplied by %’ = i:%
. dy dy :
This cannot be scored from attempts such as e 2x—2x I — 2y + 6y which only has one correct term.
Al*: E = 2% with no errors or omissions.
dv 3y—x
, . dy 2y-2x ,
The previous line &= 6y—2x or equivalent must be seen.
(b)

M1: Deduces that 3y —x=0 pe
1
M1: Attempts to find either the x or y coordinates of P and 0 by solving their y = EI with

x” —2xy+3)° =50 simultaneously. Allow for finding a quadratic equation in x or y and solving

to find at least one value for x or y.
This may be awarded when candidates make the numerator = 0 ie using y = x



AL =x=(£)5\3 OR = y=(£)3\5

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 vy =x

5
Al: Deduces that P=[—5-J-,—§ﬁ] OE. Allowtobex=... y=..

(c)

d 2 2
BIft: Explains that this is where Ey = and so you need 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— _j;}2 +2y" =50 and state that y would

reach a maximum value when x = y and choose the positive solution from2y* =50
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6.

Question

Number Scheme Marks

10.(a)(i) MI: Attempts to find the V' intercept.
Accept as evidence{—fp]: »3 with or
without the bracket. If they expand
fix) to polynomial form here then
they must then select their constant
2 to score this mark. May be implied
k= {_5) x3=T5 by sight of 75 on the diagram. MIAI
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 1s
obtained. Do not 1sw e.g. if 75 1s seen
followed by & = -75 score M1AOD.

(ii)

c= % oe (and no other values). Do

3
== onl
c=3zom not award just from the diagram - Bl

must be stated as the value of ¢.

(3)

(b) f(x) = (2x—5)"(x+3) =(4x" —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—5)(x +3) and MI
then multiplies by 2x-35
Must be seen or used in (b) but may be done in part (a).
Allow poor squaring e.g. (2x—5)" =4x" £25




(£'(x)=)12x> ~16x—35*

MI: Reduces powers by 1 1n all terms
including any constant — ()

Al: Correct proof. Withhold this
mark 1f there have been any errors
including missing brackets earlier e.g.
(2x =5 (x+=4x" - 20x+25(x+ N =_..

MIAT*

)

()

£(3)=12x3* —16x3—35

Substitutes x = 3 into their {'(x)or
the given f'(x). Must be a changed

function 1.e. not into f{x).

M1

12x" —16x—35="25"

Sets their {'(x)or the given {'(x)=
their £'(3)with a consistent .
Dependent on the previous method
mark.

dM1

12x* —16x—60=0

12x" —16x — 60 = Oor equivalent 3
term quadratic e.g. 12x" —16x=60.
(A correct quadratic equation may be
implied by later work). This is ¢so so
must come from correct work — i.e.
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.

ddMl1

x= —% oe clearly identified. If x = 3

15 also given and not rejected, this
mark 1s withheld.

(allow -1.6 recurring as long as 1t is
clear 1.e. a dot above the 6). This is
¢so and must come from correct
work — i.e. they must be using the

given ['(x).

Al cso

(5)

(11 marks)

Alt (b)
Product
rule.

f(x)=(2x—5) (x+3) = {'(x) =(2x = 5)° x| +(x +3) x 42x —5)
M1: Attempts product rule to give an expression of the form
p{Ex—ﬁ]" +g(x+3)02x-5)

M1: Multiplies out and collects terms
Al: f'{x)=12x" —16x—35%*

M1
MIAL*
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7.

Question
Number

Scheme

Motes

Marks

7.

¥=3x"+6x° 4

L o2y -7

3Wx

Attempis to split the fraction into 2 terms
and obtains either & x%™ or #x 7. This may
be implied by a correct power of x in their
differentiation of one of these terms. But
beware of Sx 7 coming from

2x* =7

3x

=2 —T+3x

M1

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

M1

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

Al: 2x°. Must be simplified so do not

_3\ . Depends
X

on second M mark only. Award when first

seen and isw.

2 -
accepl e.g. T * but allow

5 , -
Al E.T:. Must be simplified but allow e.g.

2 s 3= -
1=x"oreg Ew.l'.r . Award when first seen
-]

and 15w

7

=. Award when first
b x”

T oreg

l]—x
6

seen and 1sw.

T & L
Al E.t *. Must be simplified but allow e g,

ATATATAL

In an otherwise fully correct solution, penalise the presence of + ¢ by deducting the final

Al

6]

Use of Quotient Rule: First M1 and final A1Al {Other marks as above)

-

MNX

d[zx’-?

J =3“E(GIJJ—{EIJ —‘,u‘}%x"_r

dx

B0

Lises correct quotient rule

M1

4

_le? +Tx*

bx

Al: Correct first term of numerator and
correct denominator

Al: All correct as simplified as shown

AlAL

dy z 10x™ +7x77
b ix

So d_—'r— bx + 2x

scores full marks
bx

0 marks




May 2011 Mathematics Advanced Paper 1: Pure Mathematics 2

8. N
%ﬁiﬂgp Scheme Marks
8. w | 2x%y = 81 2¥'y =81 | Bl oe
{I_ = 22x+x+2x+x)+4y = L= 12x + 4y}
g1 {81 Making y the subject of their
¥ = = = L=12x+ 4[2 :J expression and substitute this | M1
* into the correct L formula.
162
So, L=12x+— AG Correct solution only. AG. | Al cso
x
131
dr 324 Either 12x — 12 or 02 _, 22 |\
(b) -2 {= 12 - 324x7) : 2 _Y-‘
* Correct differentiation (need not be simplified). | Al aef
L'=0 and “their ¥’ =+ value” M
2 4
Ez 12 - ﬁ =0 = x' =£:= 2T =x=13 or “their x* = + value”
dx x 12
x=42T7o0r x=3 | Al cso
1 162 Sub‘stitutc fc:andidate‘s \«'aIELe of ddM1
{_1- =3} L=12(3)+ 3— = 54 (cm) x (= () into a formula for L.
54 | Al cao
[6]
&L 972 Correct ft L"and considering sign. | M1
ik .[ -— — T — ini
() (Forx=3}. dx? x >0 = Mintmum g and =0 and conclusion. | Al [2]
x
11




(a)

(b)

(c)

B1: For any 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.

MI1: 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 vou can mark parts (b) and (c) together.

dL
2" MI: Setting their T =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: x'=27 = x =+ 3 scores AQ.

2" Al: can be given for no value of x given but followed through by correct working leading to

L =54,

3" M1: 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 second derivative of g (need not be simplified) and a valid reason (e.g. = 0), and
x

conclusion. Need to conclude minimum (allow x and not L is a minimum) or indicate by a tick that it 1s
a minimum. 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).

dy dr
Throughout this question allow confused notation such as E} tor E
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Question

Number Scheme Marks
(i) (a) }'=2x{x"—l}'\:}%:[xl—l]nx2+2:rxlﬂx{x:—]r MIALI
dy 3 4 1 ER N 3
= 5o=(x" 1) (2" - 242027 ) =(x' 1) (224 -2) MI Al
(4)
(b) d—]'ﬂ::- (221’3 —2}___{]:} critical values of iL M1
dx JiT
X l x, - ] Al
R /TN §1
(2)
(ii) -T=]ﬂ{3€‘~‘2,1"]:>ﬁ= x2sec2ytan2y Bl
dy  sec2y ’ -
:}d}' | | |
e = 3 = 3 MI MI Al
de 2tan2y  2.fsec’2y-1 24 -1
(4)
10 marks
Alt 1 (ii) | x=In(sec2y) = sec2y=¢"
:3-256(:2_}’[21[12_]’%:&' Bl
:}E_ ¢ = ¢ = l MIMIAL
dr 2sec2ytan2y ze”\fsﬂf 2y -1 e -1
4)
o dv | |
Alt 2 (ii) J*—?‘““Db(f’ }:’E—“’* = BIMIMI
- = l—[e }
dy 1
T o Al
dr 2. -1

(4)




(i)a)
Ml

Al

M1

Al

(1)(b)
M1

Al

(it)

Bl

M1

M1

5 4
Attempts the product rule to differentiate 2x(x* —1)° to a form A(Jr2 —1] + Bx" [Jr2 - 1) where p=1 or 2.

"o

and A, B =0 If the rule is stated it must be correct, and not with a " —"" sign.

T dy 2 3 af 2 4
Any unsimplified but correct form (E] = 2(:{ - l] +20x [x - l)

4
. 2 . B A
For taking a common factor of (x —]] out of a suitable expression

Look for A4 (1'2 - l)j + Bx" (_1_2 - 1)4 = (_TZ - 1)4 lA [:r2 - 1) + Bx" } but you may condone missing brackets

It can be scored from a vi'-uv' or similar.

(%)z{f —1}4 {223:3 —2] Expect g(x) to be simplified but accept %:{x: —1)42{1112 —1]

There 15 no need to state g(x) and remember to 1sw after a correct answer. This must be in part (a).

d dy
Sets their Ey LJ0.=0 or I} =( and proceeds to find one of the critical values for their g(x) or their
X

d_

i 0 rearranged and +{f —l)4 if g(x) not found. g(x) should be at least a 2TQ with real roots. If g(x) is

4
factorised, the usual rules apply. The M cannot be awarded from work just on (.‘rl - 1) L Die x==1

You may see and accept decimals for the M.

| 1 1 1
a0 ¥ —= X, ——= or exact equivalent only. Condone ¥ . —= x,, ——=.,with x__ Lx  —1
Ji g “ Y Ji1 g

Accept exact equivalents such as :vr..ﬂ x J]_] I | L {[%’_%}U[%Bw]}

T Mg

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

Withhold the final mark if x.. — x,, ——==, appears with values not in this regioneg x,, Lx...—1

1 1
1 JiT

Differentiates and achieves a correct line involving Ey or —

dy
Accept & = - x2sec2ytanly, % =- 00512_1; x=2sin2y 25&c2ytan2y% =g’
. . . . dx . oy
For inverting their expression for s to achieve an expression for e
¥

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

dy

2 2 . oy
Scored for using tan” 2y =+1+sec” 2y and sec2y =¢" to achieve ol bl terms of x

y

. ; . .ody dx . .
Alternatively they could use sin” 2y +cos” 2y =1with cos2y=e " to achieve Ey or— in terms of x

For the M mark you may condone sec’ 2y = [e” ]: appearing as e



10.

Al €S0 % = ﬁ Final answer, do not allow if students then simplify this to eg. % = Ee*l— i
dy 1 dy |
Condone — =+ ———= but do not allow —=——F—=
dr 2.0 -1 dr  2e -1
Allow a misread on x = In(sec v) for the two method marks only
%ﬁiﬁ: Scheme Marks
8@ | p_100 45_ss Bl
Yo1+3

(1)

i et — et M1

(h} £= (I+3E’ II.'J.']X_IGE II.Ir_I.DCfE flr x_zl?e Lk MI AI
dr [l e 0 )—
(3)
() At maximum  —10e ™" =30e ™" xe™™ £270e " xe " =0
e {—]{}+ 240e ™ } =0
as _ 10 s Ml
Y= =24
240 ©
—0.9¢t =In L :}!—Eln{jﬂtj—?& 53
0y = 4 =g In(24)=3. ML, Al

(€ (i) | Sub r=3.53=P =102 Al
(4)

(d) 40 Bl
(1)

9 marks




(a)
Bl (P =}65

(b)

d
M1 For sight of Ee“ =(Ce" (Allow C =1)This may be within an incorrect product or quotient rule

M1 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 is very difficult to judge that a correct formula has been
used (due to the signs between the terms). So................

—0.9r ~.1r ~0.1s ~09t
if the formula has not been quoted look for the order of the terms (1+3™ ") pe _M_ Eic ke
(1+377)
l:l _I_?,'e-ﬂ'.'?‘r)>I= pe-ﬂ.lr +qc-ﬂ.h xe-ﬂ.‘?r
(1+3e™y
For the product rule. Look for ae '0'“[l +3e ]-I +he e (1 +3e " ] either way around
Penalise if an incorrect formula is quoted . Condone missing brackets in both cases.
Al A correct unsimplified answer.
dP ~10e &Lr{1+3e U.'Jr)+2?DE Ll.lre LT —~10e o +240e "
Eg using quotient rule | — |= S oe 5 simplified
dr (1+3e) (1+3e7)

Eg using product rule (%] =—10e M'(l +3e ”'g') ' +270e e {l+3e M'] “oe

Remember to isw after a correct (unsimplified) answer.

There 1s no need to have the % and 1t could be called %

dP dP dP
(c){i) Do NOT allow any marks in here without sight/implication of i 0, n <(OR a =0

The question requires the candidate to find 1 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 (¢) can be scored from an incorrect denominator | most
likely v ), no denominator, or using a numerator the wrong way around ie wv'—u'v

. dP .. dP , .o
M1 Sets their E = 0 or the numerator of their E =1, factorises out or cancels a term in € ™" to reach a form

Ae™™ = Boe. Alternatively they could combine terms to reach de ™ = Be™ ™" or equivalent
=0.1s

=05 =i 1w — (05
Condone a double error on € xe =g

or similar before factorising. Look for correct indices.

drP 2
If they use the product rule then expect to see their @ 0 followed by multiplication of {1 +3e ™ ] before

s . - =0
similar work to the quotient rule leads to a form de™ =B



M1  Having set the numerator of their % =0 and obtained either ¢ = C (k may be incorrectyor e = Be ™V

it is awarded for the correct order of operations, taking In's leading to f =..

It cannot be awarded from impossible equations Eg e*" =—(0.3

10
Al cso [ =awrt 3.53 Accept (= 9 In(24) or exact equivalent.

(c)r)
Al awrt 102 following 3.53 The M's must have been awarded. This i1s not a B mark.

(d)
Bl Sight of 40

Condone statements such as P — 40 k... 40 or likewise
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11.

Question Scheme Marks
, e 4y 5[E]:4(12 +5]—4_rx2_r MIA]
(@) [.rz - 5} dx [xl - 5}:
= [d_}J = M MIAI
d-r (x: +5 }:
i (4)
(b) 2{13——4':; <0=x'> l;_{] Critical values of ++/5 M1
{_T_ + 5]
x<—+/5,x>+f5 or equivalent dMIAl
(3)
7 marks

vi'=wv' . . .
{a)M1  Attempt to use the quotient rule ———— with v =4x and v = x"+ 5. If the rule is quoted it must be

v

. . . 2 . Lovi '

correct. It may be implied by their 1 = 4x,4' = 4, v=x" +5.v'= Bx followed by their ——
‘:‘

If the rule is neither quoted nor implied only accept expressions of the form
A(x* +5)-4xxBx

LA B=0 You may condone missing (invisible) brackets

-

(xl +5}-

Alternatively uses the product rule with u(/v)=4x and v(/u) :{.r’ +S]_I . If the rule is quoted it

-2

must be correct. It may be implied by their y = 4x,u'= 4, v=x"+51"= j:’n'_'r{x2 + 5} - followed by
their vu'+wv'. If the rule is neither quoted nor implied only accept expressions of the form
A(x*+5) " tdxxBr(x?+5)"



-7

Al f'(x) correct (unsimplified). For the product rule look for versions of 4 {xz - Sj_l —4xx Zx{_rz - 5}
2 P

M1  Simplifies to the form f'(x) = g:}e. This is not dependent so could be scored from o zu Y

(x*+5) v

When the product rule has been used the 4 of 4 (xl + 5}_| must be adapted.

~4(x*-5)

x* +10x* +25

4(5-x")  ax*-20 o

? . 2
{:r' +5]

Al CAO. Accept exact equivalents such as (f'(x)) =
(=% +5)

Remember to isw after a correct answer

(b)

M1  Sets their numerator either =0 , <0, ., @ >0, ..Dand proceeds to at least one value for x
For example 20-4x"..0 = x..~/5 will be M1 dM0 AOQ.

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

dM1  Achieves tweo critical 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,, —~/5, x..~/5 and expressions like —/3 > x > /5

If they have 4x* =20 <0 following an incorrect derivative they should be choosing the inside region
Al Allow x<-5,x>5 x<—Borx>5 (ri—e<x<-SufF<r<=] |x|::-~f§
Do not allow forthe Al x<—vSandx>+5 . VS<x<-Sor {x:-w<x<-FnSF<x<n]

but you may isw following a correct answer.

12.

Question Scheme Marks
5 i I § d.]"‘ _ 3x ix ]
(i) y=e"cosdx = ar =cosdxx3e™" +e’" x—dsindx MI1Al
Sets cosdxx3e’” +e’* x—4sindx=0=>3cosdx—4sindx=0 M1
1 3
— tan — M1
¥ = arctan
= y=awrt 0.9463 4dp Al
(5)
. .2 dv .
(i) x=sin"2y= o =2sin2yx2cosly MI1AI
Uses sin4y = 2sin2ycos 2y in their expression M1
dx . dy 1 1
—=2sindy = —=— =—cosecdy
dy ; dv  2sindy 2 ; MIAI
(5)
(10 marks)




.3 1 1
ii) Altl | x=sin" 2y = x=———cos4y 2nd M1
2 2
dx .
5:25".4}: Ist M1 Al
::*E——] —lcosfec4 ; MIAL
dr  2sindy 2 >
(3)
i) Alt L L ,
EI;] x :5|n2}'::-%x : :Ecnsz}'% MI1AL
1
Uses x? =sin2y AND sin4y = 2sin2 ycos 2y in their expression Ml
d_v_ l = lccsec4 ' MI1AL
dr  2sindy 2 )
(3)
i) Alt | < ! dy 1 1 L
( z" x? =sin2y=>2y=invsinx? = 23‘: =x3x 2 MIAl
1
Uses x? =sin2y, +/l-x=cos2y and sin4y = 2sin2 ycos 2y in their M1
expression
:::E—;—lmsecéi ' MIAL
dr  2sindy 2 )
(5)

(1)
M1

Al

M1

M1

Al

. dy T
Uses the product rule '+ v’ to achieve [d__i']= Ae’* cosdx+ Be’*sindx A, B=0

The product rule if stated must be correct

Correct (unsimplitied) % =cosdxx3e’” +e’* x—4sindx

. . . dy . 3 . . L .
Sets/implies their E} = () factorises/cancels)by e to form a trig equation in just sin4x and cos4x

.. sind . .
Uses the identity 2:;; J: = tan4x . moves from tan4x =, C # 0 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 R cos(&@ + ), for example, the
minimum expectation will be that they get (1) the identity correct, and (2) the values of R and o
correct to 2dp. So for the correct equation you would only accept 5cos(4x-+awrt 0.93 ) or
5sin{4x — awrt 0.64) before using the correct order of operations to x=...

Similarly candidates who square 3cos4x—4sindx =0 then use a Pythagorean identity should

. . 3 4 ) .
proceed from either sindx= 5or cos 4x = — before using the correct order of operations ...

5
= x =awrt 0.9463 .

Ignore any answers outside the domain. Withhold mark for additional answers inside the domain



(i1)
M1  Uses chain rule (or product rule) to achieve + Psin 2 y cos 2 y as a derivative.
There is no need for lhs to be seen/ correct

If the product rule is used look for % =+A4sin2ycos2y+Bsin2vcos2y,

Al Both lhs and rhs correct (unsimplified) . %

=2sin2yx2cos2y=(4sin2ycos2y)or
v

1:25'u12}=><2c052y%

M1  Uses sindy =2sin2ycos2y in their expression.
You may just see a statement such as 4sin 2y cos2y = 2sin4y which is fine.

. . . . A .
Candidates who write % = Asin2xcos2x can score this for % = 3 sin4x

M1  Uses & _ - for their expression in y. Concentrate on the trig identity rather than the
dx
dy

coefficient in awarding this. Eg % =2sindy = % = 2cosec4 v is condoned for the M1
If g =a+b do not allow dy :l+l
dy de a b
dy 1 : . .
Al d_i' = Emsecéi v If a candidate then proceeds to write down incorrect values of p and ¢ then do not
withhold the mark.

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 Alt I the second M is for writing x =sin” 2y = x = i%i%cnﬂ 4y from cos4y =+1+2sin’ 2y

| =

1
In Alt IT the first M is for writing x* =sin 2 y and differentiating both sidesto Px * = Jcos Ey% oe

In Alt 111 the first M is for writing 2 y = invsin {_\:’D'j )D-E and differentiating to M % =N 1 03



13.

Question Scheme Marks
6(a) ) x+3
_r'+x—6)_r4 +x =3x7+7x-6
¥ ax —ex?
3x* +7x-6 M1 Al
3x” +3x-18
4x+12
4.3 2
X 4x :3x +7"_r—f:§x;+3+ 4{3‘4_3}7 Mi
x+xr—6 (x+3)(x-2)
=x? 4 34— Al
o (x-2)
(4)
b fi(x)=2x u MIAIf
¥)=2x— = t
(b) (x-2)
. 4
Subs x=3 into f{x=3)=2=3- —=(2 M1
G- ¥
Uses m——;— L with (3, f{3)) =(3.16) to form egn of normal
3) | 2 AN =1 L ‘
_1'—[(1:—%(_':—3}arequivalent cso | M1Al
(5)

(Y marks)




(a)
M1

Al
Ml

Al

(b)
M1

Alft

M1

M1

Al

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
X2 (+,.x)+ A
x +::'—ﬁ‘].1rI1 +x —3x +7x—6

I P
(Cx)+ D

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

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

Note: FYI Dividing by (x+3) gives x° — 2x” +3x-2and {_t']' —2x" 4+ 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 credit.
Quotient = x” +3 and Remainder = 4x+12

Factorises x~ +x -6 and writes their expression in the appropriate form.

xax =32 +7x-6 Their Linear Remainder
[ X 4+x-6 (x+3)(x-2)

It is 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"

] = Their Quadratic Quotient +

X +3+

or 4 =3,B = 4 but don't penalise after a correct statement.

4
(x-2)

2 B
X4 Ad+—e 3 2xt -
x=2 (x-2)°

3 _allow candidates to pick up this

If they fail in part (a) to get a function in the form x4 A+ o)

n

method mark for differentiating a function of the form x* + Px+ 0+ Rx

using the quotient rule oe.
xxT & q

X+ 4 +i —2x- oe. FT on their numerical A4, B for for x* + 4+ B only
x=2 (x=2)° x=-2

Subs x =3 into their f'(x)in an attempt to find a numerical gradient

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

1
their £'(3)
point must be (3,f(3)). Don't be overly concerned about how they found their f{3). ie accept =3 y =.
Look for y=f(3)= —%{x ~3)or (y-f(3))x—f'(3)=(x-3)

If the form y =mx + ¢ is used they must proceed as faras ¢ =

cso y—1l6= —%{x =3) oe such as 2y + x — 35 = ( but remember to isw after a correct answer.



Alt (a) attempted by equating terms.

Alt(a) |2 +2 “3x  +Tx—6=(x" + A)(x" +x-6)+ B(x+3) M1

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

= A-6=-3, x=A+B=T, const= —6A+3B=-6 Mi
A=38=4 AlLAI

Ist Mark M1 Scored for multiplying by (x + x—6) and cancelling/dividing to achieve
a3t e Tx—6= (T + AT +x-6)+ B(x13)
3rd Mark M1 Scored for comparing two terms (or for substituting two values) AND solving simultaneously

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

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

ALT (b) £1(x) {xl+x—ﬁ}(4x3+Exl—6_r+?}—{x4+_r3—3x2+".|’x—ﬁ)(2x+]] MI1Al
I-.‘,. —
(Jr1+x—t’:r]1
Ist 3 ) M1
st Subs x=3 into
marks

!

M1  Attempt to use the quotient rule o 7— with u =x'+x'=3x"+7x-6and v=x"+x-6 and
Vv
{xl +x—6] (..xj........}—(_r4 +x =3x +Tx —6}[..3’..]

(_rz +x-— 6}1

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

Use a similar approach to the product rule with u =x" +x’ -3x" +Tx -6 and v= {f +x-— En}_l

4x+12

Note that this can score full marks from a partially solved part (a) where f(x)=x"+3+ c
X 4x-
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14.
Question
Number Scheme Marks
5_{3} p= 47" or (2}!)1 Bl
(1)
. 2 dv .
(b) x=(4y—sin2y) :3322[43-‘—5]12}’]{4—2%2}} MIAL
r . dv )
Sub y=— Into —— =2[4}'—51n2}}[4—2u352}'}
2 dy
dx .
>—=2r (=754)/ ¥__L oo M1
dy dx 247
Equation of tangent y— % = L _(x_ 45
a e S = o ~) MI
Using , =_ 1, oy withy=0=y= T cso M1, Al
T2 24! / : '
(6)
(7 marks)
ﬁ]tl{h} x=(4y—sin 2_\'}3 e dy—sinly
o MIlAl
=05r 03 =4-2c0s2y
M;I{h} x= (lﬁ}'z —8ysin2y +sin> 2}-‘)
=1 =32}-‘%—35in 2_]'%— Il‘}_}=cu:;2_]'%+45in2_1‘::053_}-'% MIAL
Or 1dx=32ydy—-8sin2ydy—l6ycos2ydy+4sin2ycos2ydy
(a)

. 2
Bl  p = 42" orexact equivalent (27)

Also allow x = 4x7°

(b)



M1

Al

M1

M1

M1

Al

Uses the chain rule of differentiation to get a form
A(4y -sin2y)(B+Ceos2y). A.B,C #0 on the right hand side
Alternatively attempts to expand and then differentiate using product rule and chain rule to a

fonnx={1ﬁy2—Hysinzy+sin22yj:%:@igmzyi@mzyismzymzy P.ORS#0

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

expression of the form P03 =4- Qcosly
A third method is to multiply out and use implicit differentiation. Look for the correct terms,
condoning errors on just the constants.

dx ) dy 1 . )
— =2(4y—sin2y)(4—2cos2y — = th both sid
&y (4y—sin2y)( Vor & 2(4y-sin2y)(d-2cos2y) oo

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

dx . .
In the alternative d__y =32y—8sm2y-16ycos2y+4sinycosy

T. : : : .
Sub y=—into their & or inverted €. Evidence could be minimal, eg y=2= a _
2 dy dy 2 dy

It is not dependent upon the previous M1 but it must be a changed x = (4y —sin2 y}g

) T
Score for a correct method for finding the equation of the tangent at ['4?1" ,EJ .

Allow for _}’—?—Er = - nml-im] (%) [.t‘—ﬂlE’iI 4;#)

Allow for [ ¥ —Ex * their numenical (%}’] = (Jr — their 4x” )

.

(x=p)

T 1
Even allow for Y——==

2 their numerical (%

LT
It is possible to score this by stating the equation y = %x+ ¢ as long as ['4}1’ .,.EJ is used
i

in a subsequent line.
Score for writing their equation in the form y =mx+¢ and stating the value of '¢'
Or setting x =0 in their }.-_E = L(r - 4;:“} and solving for y.
2 Mg
Alternatively using the gradient of the line segment AP = gradient of tangent.
T

2 - _ 1
Look for i 9an

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

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

T
CS0 y = % . You do not have to see [ﬂ; E]



15.

%ﬁ;ﬂ? Scheme Marks
9.a) | 1% —3hkr+2k> = (x-2k)(x—k) Bl
5 (x—5kNx—k) _2_{x—5»’f] _ 2x-2k)—-(x-5k) "
(x—2k)x—k) (x—2k) (x—2k)
_ x+k ALt
(x—2k)
(3)
(b) Applies -_1,“.-- to y= X +2k.k with w=x+kand v=x-2k
x—
(x=2k)x1—(x+k)x1
=1f(x)= .
(x) (- 2k) M1, Al
. -3k
=fix)= -
(x) 26) Al
(3)
—Ck M1
(c) if £'(x)= — = f{x) is an increasing function as f'(x) >0,
(x—2k)
f'(x)= {x: %) >Ofor all values of x as —mgm;?t;gﬂiw = positive Al
(2)
(8 marks)

(a)
Bl For seeing ¥ =3+ 2% = (x—2k)x— k) anywhere in the solution
M1 For writing as a single term or two terms with the same denominator
(x—5k) B 2(x—2k)—(x—5k)
(x—2k) (x—2k)

Score for 2— or

(x=2k)x—k)

5 (=5K)x—k) _ 2x=2k)x—k) —(x—Sk)x—k) [_ & -k
i

(x—2k)Nx—k)

Al* Proceeds without any errors (including bracketing) to =

(x—2K)




(b)
M1

Al

Al

(c)
M1

Al

""“'11""' to y= XK with w=x+kand v=x-2k.
X—

It the rule it is stated it must be correct. It can be implied by u=x+kand v=x-2k with

Applies

vie'— v

]

their &' v' and

x—2k-xtk
(x—2k)’

If it is neither stated nor implied only accept expressions of the form f'(x) =

The mark can be scored for applying the product rule to y = (x + k)(x - 2k)"' If the rule it is

stated it must be correct. It can be implied by u =x+kand v=(x- Ek}_] with their

u',v'and vu'+uv'

It it is neither stated nor implied only accept expressions of the form

£'(x)=(x=2k) " +(x+k)(x-2k)"

Alternatively writes y = ;j;k as y=1+ 5 and differentiates to %=ﬁ

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

(x=2k)x1—(x+k)xI
(x—2k)*

f'(x) =(x —Ek}_' —(x+k)(x- Ek]_: by product rule

£'(x)=

by quotient rule

=3k
and f{x)= ——— by the third method

(x—2k)
3k 3k
f" —e fl_x =
cao 1'(x) (c—2k7 " Allow f'(x) [y TRTE

As this answer is not given candidates you may allow recovery from missing brackets
Note that this is Bl B1 on e pen. We are scoring it M1 Al

-C
If in part (b) '(x) =W, look for f{x) is an increasing function as { (x)/ gradient > 0
*—

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

Ck
If in part (b) '(x) =({+}—2k}3, look for fix) is an decreasing function as {'(x)/ gradient< 0
*—

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

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

Must have f(x)= and give a reason that links the gradient with its sign.
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16.
Question Scheme Marks
MNumber
1.(a) e Pl S
x=-2
ar'— g -9 _
Applies 2 o get (x=2)x4 (4:r+]]x] MI1Al
v (x—-2)
-9
= _ Al*
(x—2)
(3)
b mc A P M1
(5,7) AlAL
(3)
6 marks
dx+1 9
Alt 1.(a fix)= =4+
®) x=2 x=2
Applies chain rule to get f' (x)= A(x-2)" M1
s -9
:—9[_‘{—2}': 3 .A].,AI*
(x=2)

(3)




(a)
Ml

Al

Al*

(b)
Ml

Al
Al

4_r+21 with ¥ =4x+land v=x—-2. If the rule is quoted it must be

Applies the quotient rule to f(x)=

correct. It may be implied by their ¥ =4x+Lv=x-2.u"=..v"'=. followed by e _zml
v
If neither quoted nor implied only accept expressions of the form {x—2)x(A _(;;fH- L AB=0
x=2)

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 # =4x+land v=(x—2)". If the rule is quoted

it must be correct. It may be implied by their u =4x+1Lv=(x- 2]_] au'=,v' = followed by

vi'+uy'.

If it 1s neither quoted nor implied only accept expressions of the form/ or equivalent to the form
(x=2)"'xC+(dx+D)xD(x-2)"

A third alternative 1s to use the Chain rule. For this to score there must have been some attempt to

dx+1

divide first to achieve f{x)= 3
x-

+— 5 before applying the chain rule to get
X —
f'(x)=A(x-2)"

A correct and unsimplified form of the answer.

Accept (x—2)x4—({dx+1)x1

from the guotient rule

(x-2)°
4x—-8-4x-1 . . S
Accept mem the quotient rule even if the brackets were missing in line 1
x—

Accept (x-2 ' x4+ (dx+Dx—1(x—2)"or equivalent from the product rule
Accept 9x—1(x- 2)™ from the chain rule

Proceeds to achieve the given answer = ( _Z}: . Accept —‘3'(_':—2]_Z
x-

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

N TP S SR - 20 S € o) b Coad ) B
£ (I 2] +( ¥+} (I 2) (1_2) (1—2}2 {1_2}2 (1—2}2

(x=2)°
The minimum expectation is that they multiply by (x - 2)" and then either, divide by -1 before

Sets

=—1 and proceeds tox =....

square Tooting 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

-9
(x-2)°
work 1s seen.
x=35
(5, 7)orx =35, y="T. Ignore any reference tox = -1 (and y=1). Do not accept 21/3 for 7
If there 1s an extra solution, x = 2, then withhold this final mark.



Question
Number Scheme Marks
T T
3. I=R—THI'I 2)(— =0 B].*
@) % 1an| 22
(1)
dx )
(b) d—:ﬁtanly+16ysec'{2y] MIALAL
}.l
dx T T T \
AtP —=8tan2—+16—sec’| 2x— |={8+4x} M1
dy 8 8 8
T
J"_Ez l accept '—£=DD49{I—JT} MIAI
x-1 8+4r1’ Py 8
.
= (B+4m)y=x+— Al
(7)
(8 marks)
(a)
B1*  Either sub J-‘:%intu _r:R_vlanl[Z_v]:}x:Sx%tun[ﬁbc%}:ﬂ
Orsub x=um, _}:=% mto xzﬂymnl[ﬁ_v}::\'?I:Sx%tan[zxg]zfrxlzjr

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

. s T T
Accept asammmmum y=— = x=71 tan(—} =

8

Or :r:;rxlan[EJ:fr \/
4

This 1s a given answer however, and as such there can be no errors.

(b)
M1  Applies the product rule to 8y tan2yachieving Atan2y+ By sec’(2y)

Al One term correct. Either 8tan2yor +16y sec’(2 ¥) . There 1s no requirement for :__r =
}.l



Al

M1

M1

Al

Al

Both lhs and rhs correct. ';E =8tan2y +16ysec’(2y)
hy

It 1s an mntermediate hine and the expression does not need to be simplified.

Accept E: tan 2y x 8 +8yx 2sec”(2y) or E= ! - or using implicit
dy dr tan2yx8+8yx2sec(2y)

dy dy
differentiation 1= tan 2y x S—'}+S}=x 2sec’ {2);]—}
dx dx

dy

For fully substituting y = %intu their EJ.:rr —to find a 'numerical’ value

dy

dv
Accept g__r — awrt 20.6 or — = awrt 0.05 as evidence
}.l

For a correct attempt at an equation of the tangent at the point [:{5%).

. . . . dx
The gradient must be an inverted numerical value of their —

dy

T
Look for 8 _ : .
T . dx
numerical —
dy
Watch for negative reciprocals which 1s M0
If the form y = mx + c1s used 1t must be a full method to find a *numernical” value to c.

A correct equation of the tangent.

T
) A 1 T T
Accept 8 —__~  orif y=mx+cis used accept m = and c=>——"—
P r Bedr 7 P S var § S+dr
Watch for answers like this which are correct x —x = (8 + 4x) [ ¥ —%
Accept the decimal answers awrt 2sf y =0.049x+ 0.24, awrt 2sf 21y =x+4.9, }J_E;EQ =0.049
x-3.

Accept a mixture of decimals and 7's for example QU.G[y - %] =x-7

2
Correct answer and solution only. (8 +4x1)y=x+ %

Accept exact alternatives such as 4(2+ )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

T T T
S+4dnyv=x+—|8+4dx)—7 and (8+47)y=x+(8+47)| — -
( )y 8{ } ( )y { ][8 S+4J‘[J



18.

?ﬂterﬁgg: Scheme Marks
]
8.(a) p:%F@:zm MI1,Al
1+3" 1+3
(2)
guneﬂ.l}
b 250 =——+
®) 1+3e™"
250(1+ 3™y =800e™" = 50¢" =250, =" =5 MI.A1
t=L1n(s) M1
0.1
t =101In(5) Al
(4)
Eﬂneﬂ.lr dP {|+3EU']]}XE{}DXG.1E”'” _RDUEIJ.IJ XBXDIIEIJ.U
(c) P:W - 0112 MI.Al
1+3e dt (1+3e7)
Atr=10
£:{1+33}xﬁﬂe:24ﬂe' __ B0 : MLAL
dt (1+3e) (1+3e)
(4)
0.1s
(d) P= 800e = 800 =P =@=266 . Hence P cannot be 270 Bl
]+3E|].l.' E—ﬁl.l.l + 3 max 3
(1)
{11 marks)
(a)
M1  Sub¢=0into P and use e” =1 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.
(b)
) 800" ) -
M1 Sub P=250 into P =———. cross multiply, collect terms in ¢"" and proceed
I.+ 33“.“
to 4e"" =8

Al

Condone bracketing 1ssues and slips in arithmetic.

If they divide terms by e

™ you should expect to see Ce ™" =D

e =5ore™" =02




M1 Dependent upon gaining "' = £ | for taking In’s of both sides and proceeding to

Accept e"" = E = 0.1t =In £ = ¢ = ... 1t could be implied by r = awrt 16.1
Al ¢=10In(5)

Accept exact equivalents of this as long as g and b are integers. Eg. r = 5In(25)
15 fine.

gfl]l Scored for a full application of the quotient rule and knowing that
%e“-“ = ke"!" and NOT kre""
If the rule 15 quoted 1t must be correct.
It may be implied by their « = 800e™ v=1+3"" u'= peu'" = qeu'"
followed by W ;uv'

If 1t 15 neither quoted nor imphied only accept expressions of the form
{1+ 3t"'lr)‘.=c pf:':"h _Smtlllr Kqﬁ“'lr

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

For applying the product rule see question | but still insist on ieu'” = ke

For the chamn rule look for

.1 B
= Sme'” = j:)l] ::-E: Hﬂﬂx(e'”'“ +3) 2':-:—ll le™"
1+3"" ™" +3 dt

Al A correct unsimplified answer to
dP  (1+3e™")x800x0.1e"" —800e™" x3x0.1e""
di (1+43e"1)?
M1 For substituting f =10 into their TR NOT P
!
Accept numerical answers for this. 2.591s the numencal value 1f % was correct
t

Al E = 80e — or equivalent such as E =R0e(l+ 3&)'3 . L

dt (1+3e)” dt 1+6e+9e

Note that candidates who substitute ¢ = 10 before differentiation will score 0 marks
(d)

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

i 1r
Eg. 270= fng% = =27 =e"" = 0.1t = In(-27) which has no answers.
+ 3
k1t
Eg. 270 =&ElJLj —-27=¢"" = ¢ /" is never negative

1+3e™



without numencal

Accept solutions where 1t implies the max value 1s 266.6 or 267. For example

accept sight of ?, with a comment “so it cannot reach 270°, or a large value

of t (£ > 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

evidence.
Look for both a statement and a comment
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19.

g':.:l:;:: Scheme Marks
dx s ) 6sin3y )
5(a) a0 =2x3sec3ysec3y lan3y={ﬁse-:: 3y lﬂn3_}} [or: msJ}}_‘J MI1AL (2)
. , M1
Uses d—‘} = Lm obtain d—]’ = +
(b) dv dx Gsec” 3ytanldy
dy
tan’ 3y =sec’ 3y—l=x-1 Bl
Uses sec’3y=x and tan’ 3y =sec’3y—1=x-1 to get Evnr Einju:at_'c. M1
de dy
dy 1
= 32—1 C50 | ay= (4)
bx(x—1)°
© d';f=D—[6l{x—1)1-+3_r(_r—l] ] MIAL
dx” J6x (x—1)
d'y 6—9x 2-3x
= dMIAL

de  36xi(x-1F  1268(x-1)

(4)

(10 marks)




Alel . dx ; _
x=(cos3y) = —=-2(cos3y) x-3sin3y MIAL
to 5{a) dy
Alt 2 de
x=sec3yxsecly = —=sec3yx3secIytan 3y +sec3yx3sec3ytan3y MIAI
to 5(a) dy
Al l dv N . 4
—=Hx (- DE-DT D (- 1) 7] MI1Al
To 5 (¢) dx
-2 -4
=X (x=1) [x(=3)+ (=1)(x=1)] dm1
=Lx?(x-1)[2-3x] oe Al
4)
Notes for Question 5
(a)
M1 Uses the chain rule to get 4sec3ysec3ytan3y = (,4 sec” 3y tan 3}') :
There 1s no need to get the lhs of the expression. Alternatively could use
the chain rule on (cos3y)™ = A(cos3y)*sin3y
1 tAcos3ysinly
or the quotient rule on ==> 082) ST )
(cos3y)y (cos3y)
d
Al d—r =2x3sec3ysec3ytan 3y or equivalent. There is no need to simplify the rhs but
}J
both sides must be correct.
(b)
y 1 dy d:
M1 Uses — =— to get an expression for o . Follow through on their =
dx dr dx dy
dy
Allow slips on the coefficient but not trig expression.
BI Writes tan” 3y =sec” 3y —1 or an equivalent such as tan3y = \fsec’ 3y —1 and
1
uses x =sec” 3y to obtain either tan*3y=x—-1 or tan3y=(x-1)2
All elements must be present.
N
Accept Jr-1 cosdy= % =tan3y =x -1
X
1
N

If the differential was in terms of sin3y,cos3y it is awarded for sin3y =

4




. 3 3 dy
MI Uses sec” 3y =x and tan” 3y =sec” 3y—1=x-1 orequivalent to get = in

just x. Allow slips on the signs in tan” 3y =sec’ 3y —1.
It may be implied- see below

Al* CS0. This 1s a given solution and you must be convinced that all steps are shown.

Mote that the two method marks may occur the other way around

] k]
Eg. & =6sec” 3ytan 3y = 6x(x—1)? ::-'d—Jr L
dy dx =
Scores the 2™ method

Scores the 1™ method

The above solution will score M1, B0, M1, AD

Notes for Question 5 Continued

Example 1- Scores 0 marks in part (b)

;E:ﬁseﬂymnay:ﬁ: ' 1 I

y d'x EHEECE 31’[3[1 31— - ESECE ENSECE 3.1'_1 - 6."{{.'(_ 1}'

2

Example 2- Scores MIBIMI1AQ

Ezzsecz?rytanEy:}E_ 1 1 1

dy C2sect3ytandy 2sec’3yfsec’Iy-l 5

(c) Using Quotient and Product Rules

' L

Ml Uses the quotient rule gwith i =land v=6x(x—1) and achieving
'l_l"_

1

u'=0andv'= A(x—1)? + Bx(x—1)

al =

If the formulae are quoted, both must be correct. If they are not quoted nor implied by their
working allow expressions of the form

E;{I _0-[AGx-D* + Br(x-1) Y N E{I _0-A(x-1) £ Bx(z-1)**
[ﬁur{x—l)EJ

Cx'(x=1)

o Cdhy 0-[6(x—1) +3x(x—1) 7]
Al Correct un simplified expression —5- = 5 oe
dx” 36 (x—-1)




1
dM1  Multiply numerator and denominator by {x— 1)? producing a linear numerator which is then
simplified by collecting like terms.
-1
Alternatively take out a common factor of (x—1) ? from the numerator and collect like terms from the

linear expression
This is dependent upon the 1* M1 being scored.

d’y 2-3
Al Correct simplified expression Y _ al

3

d’  12¢%(x-1)

Notes for Question 5 Continued

(c) Using Product and Chain Rules

dv 1 1
Ml Writes — = —= Ax"'(x=1) 2and uses the product rule with u or v= Ax™'

6x(x-1)*
L
voru=(x—1) . Ifany rule is quoted it must be correct.

and

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

(x—1) TxBx'+C(x—1) Txx?

Al =

1
v ]

[ (=D -7+ (~Dx 2 (x -1

. . . -3 - . . . , .
dM1  Factorises out / uses a common denominator of x ~(x—1) * producing a linear factor/numerator which

must be simplified by collecting like terms. Need a single fraction.

3

d-w 2 ;
Al Correct simplified expression d__'} =&x"(x-1) }[2 —3x] oe
X

(c) Using Quotient and Chain rules Rules
1

M1 Uses the quotient rule wwith u=(x-1 }_E and v = 6x and achieving
Lr

3
u'=A(x-1) *andv'=8.
If the formulae i1s quoted, 1t must be correct. If it 1s not quoted nor implied by their working allow an
expression of the form

A exx-)-D-1?
N Ex*

3 1
s 61’:-:—%{3:—]]_5—{1'—[}_3)(6

i}

Al Correct un simplified expression — =

. (6x)




3
dM1  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) 2 from the numerator and collect like terms from the

linear expression
This is dependent upon the 1* M1 being scored.
d’y 2-3 a2y (2-3x)x 3 (x-1)"
Al Correct simplified expression Jr = - al - Dg '}’ = ( Jx )
dx™ 12 (x-1)7  dx” 12

Notes for Question 5 Continued

(c) Using just the chain rule

dy 1 1 .1 .
MI Writes —2 = = T= (36x" —=36x") ? and proceeds by the chain rule to

1 5
& =17 (365 —36x7)°

T P
A(36x" —=36x7) *(Bx* - Cx).
M1 Would automatically follow under this method if the first M has been scored
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Question
Number Scheme Marks
1. (a) —32={2w—3f:>w=%ut MIAI
(2)
E_ _ 4 _ 4
(b) dr_Sx{?_x 3«2 or 10(2x-3) MIAI
When x=%, Gradient = 160 M1
. e ¥—(-32)
Equation of tangent is '160 = oe M1
P
2
y=160x-112 cso | Al
(5)
{7 marks)




(a) M1 Substitute y=-32 into y = (2w—3) and proceed to w=.._.. [Accept slip on sign of y, ie y=+32]
Al Obtains wor x= %{}E with no incorrect working seen. Accept alternatives such as 0.5.

Sight of just the answer would score both marks as long as no incorrect working is seen.

i(b) M1  Attempts to differentiate y = (2x—3)’ using the chain rule.
Sight of +4(2x-3)" where 4 is a non- zero constant is sufficient for the method mark.
Al A correct (un simplified) form of the differential.

dy 4 dy 4
Accept =—=5x(2x-3 2or —=10{2x-3
Pt ——=5x(2x=3)'x20r —==10Q2x-3)

M1 This is awarded for an attempt to find the gradient of the tangent to the curve at P
Avward for substituting their numerical value to part (a) into their differential to find the
numerical gradient of the tangent

dM1  Award for a correct method to find an equation of the tangent to the curve at P. It i1s dependent
upon the previous M mark being awarded.

Award for 'their 160" = =32

x—their'='
2

If they use ¥ =mx+cit must be a full method, using m= “their 1607, their * % and -32.

An attempt must be seen to find c=._..

Al ¢s0 y=160x—112. The question is specific and requires the answer in this form.
You may 1sw in this question after a correct answer.



Question Scheme Marks
Number
. d}’ 2 5 1
5. (1)(a) — =3y xln2x+x x—=x2 MIAITAL
X 2x
=3x"In2x+x°
(3)
(1)(b) %:3{x+sin21}zx(l+2c052x} BIMI1A1
(3)
. dx 2
(11) — =-cosec y MI1Al
dy
dy 1
__ _ M1
dr  cosec’y
b 5 = dy dx . R
Uses cosec’yv=1+cot” yand x=coty in —or —to get an expression in x
de  dy
dy 1 1 |
= — = — == - cs0 | M1, Al*
dx  cosec’y I+cot” ¥ I+x° !
(3)
{11 marks)
(i)a) M1  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'=___v=____v'=__followed by their vu'+uv’) then only
accept answers of the form
At xIn2x+x" x B where 4, B are constants#0
X
Al One term correct, either 3x” xIn2xor x° x _)L x2
LX
Al Cao. % =3x" xIn2x+x' x _)I—x 2. The answer does not need to be simplified.
£X
For reference the simplified answer is % =3x"In2x+x" =x"(3In2x+1)
(1)(b) Bl Sight of (x +sin2x)’

M1  For applying the chain rule to (x+sin2x) . If the rule is quoted it must be correct. If it is

not quoted possible forms of evidence could be sight of C(x +sin2x)" x (1 Decos2x)
where C and D are non- zero constants.
Alternatively accept u = x+sin2x , u’= followed by Cu’ x their u'

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

Al Cao % =3(x+sin2x)" = (1+ 2 cos 2x) . There is no requirement to simplify this.
X



You may ignore subsequent working (isw) after a correct answer in part (1)(a) and (b)

(11) M1  Writing the derivative of coty as —m&eczy. It must be in terms of y
Al b —cosec’y or | = —cosec’y Q Both lhs and rhs must be correct.
dv dx
. dy 1
Ml  Using —=——
8 dv dy
dv
: ] 2 dy  dv . .
M1  Using cosec’y =1+cot” y and x=cot y to get d_m ™ just in terms of x.
X 13
Mote that this may be reached before the previous M, BUT is still recorded as the 4" mark on epen
Al C50 E= - ! <
dx l+x°

Alternative to (a)(i) when In(2x) is written Inx+In2
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 3x" xIln2+3x" Inxor Jr3:»¢:l
x

- - 2 2 ] -
Al A correct (un simplified) answer. Eg 3x” xIn2+3x" Inx + x* x — . See main notes
X

Alternative to 5(ii) using quotient rule

M1 Writes cot y as ﬂ 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,
vu'-uy'
)

meaning terms are written out u=__.,u’=..__v=___v’=___followed by their -
v

sin yx+sin y—cos yx+cosy
(sin y)Z
Al  Correct un simplified answer with both lhs and rhs correct.
dx _sin yx—sin y—cos yxcosy
dy (sin y)?

only accept answers of the form

={—l—cot2 y}

. dy |

Ml  Using ==—r
dx

dx i

MI  Using sin® y+cos’y=1, — I, = cosec’y and cosec’y =1+ cot” y to get L
sin” y dx dy

Al (W) ﬂ=-- l




Alternative to 5(ii) using the chain rule, first two marks

M1 Writes cot y as (tan y) ' and applies the chain rule (or quotient rule).
Accept answers of the form —(tan ¥) " xsec” y
Al Correct un simplified answer with both lhs and rhs correct.

—(tan ¥)~ xsec” ¥

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

1
x=coty=tany=—

H

M1 Uses triangle with tan y = lm find siny 1 sin y = I
) ; N
y dx . . .
and get——or — just in terms of x
de dy ¥
22.
%ﬂﬁg:? Scheme Marks
7 @ 2 N ~4 B IE* :2{x‘+5]+4(f+2}—13 MIAL
x+2 x+5 (x+2}x" +5) (x+2)x +5)
2x(x+2)
P e M1
(x+2)x" +35)
. 2x Al*
(x*+5)
(4)
2 - 2
(b) h,(x}:{x’+5}>:2 21x><.,x MIAL
(x~ +5)
h'(x) =H CSO Al
(x~+5)
(3)
(c) Maximum occurs when h'(x)=0=10-2x"=0=x=. M1
—x=45 Al
Whenx:q’g::-h(x}:g MI.Al
Range of h(x) is Dﬂﬁz{x}ég Alfi
(5)
(12 marks)




(a) Ml

Al

M1

Al*

(b) M1

Al

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

2x' +5+4x+2-18 Eg 1 An example of *invisible” brackets
(x+2)x*+5)

2(x’ +5) . 4 18 Eg 2An example of a slip (on middle term), 1™ term has been adapted
(x 2N +5) (x+2Wx"+5) (x+2)(z +5)

2(x" 4+ 5) x4+ 2+ x4 27(x" + 5) = 18(x" + 5)x+2) Eg 3 An example of a correct fraction with a different denominator
(x+ 2 (x 4577

Award for a correct un simplified fraction with the correct (lowest) common denominator.
' +5)+4x+2)-18
(x+2)x* +3)

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

Eg _ 2« £5) |, Hx+D) 18
(x+x +5) (x+2Nx" +5) (x+20x +5)
Note, Example 3 would score M1AO 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 (x+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 (;?._xs) This 15 a given solution and this mark should be withheld if there are any errors
X+

Applies the quotient rule to %

. & form of which appears in the formula book.
(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

.vi'=uv
L= v= L v'=followed by their ———) then only accept answers of the form
v

(" +5)xA—2xx Bx

— - where 4.8 =10
(*+5)
Correct unsimplified answer )= % +5]'f2_2:'”2x
(¥ +5)°
by = 10=2% The correct simplified answer. Accept 26-x) 20-5  10-2+
(= +5) (x*+5) (x*+35)  (x'+10x7 +25)

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



23.

(c) Ml
Al

M1
Al

Alfi

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=-\5 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

25

Cso-the maximum value of hix) = % Accept equivalents such as To but not 0.447

Range of hix) is 0<h(x)= % Follow through on their maximum value if the M’s have been

e

scored. Allow 0<y< - 0= Raﬂgeii?, but not DS_\’ST, S

If a candidate attempts to work out 4 '(x) in (b) and does all that is required for (b) in (c), then allow.

Do not allow /i '(x) to be used for h*(x) in part (¢ ). For this question (b) and (¢) can 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 u=___u'=____v=___ v'=___ followed by their vu'+uv’) then only
accept answers of the form

(x*+5) ' %A+ 2xx+Bx(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
to be combined to form a single correct expression.

For a correct simplified answer accept
10-2x"  2(5-x)  -2(x’-5)

5

(x*+5)7 (*+5)°  (+5) =(10-2x)("+3)

h'(x) =




%ﬂﬁg:? Scheme Marks
8. (a) (£) 19500 Bl
(1)
(b) 9500 = 17000e "% + 2000 ™" + 500
17 +2¢7 =9
{xel.'l.Sr} = ITEHESH + 2 — gel'.l._‘n'
ﬂzgelﬁil_l?gtl.lir_z Ml
0=(9e"" +1)(e""" =2) M1
ED.EFJ — 2 A]
t=41In(2) oe Al
(4)
(c)
dr 00,258 0.5
(E}=—425C‘€ ~1000e MIAI
When =8 Decrease = 593 (£/year) MIAI
(4)
(9 marks)

(a) Bl 19500. The £ sign 15 not important for this mark

(b) M1  Substitute V=9500, collect terms and set on | side of an equation =0. Indices must be correct
Accept 17000e "% +2000e ™ - 9000 = 0 and 17000x +2000x" - 9000 = 0 where x=¢"*"

0.25¢ —0.25¢

M1  Factorise the quadratic in "' or ¢
For your information the factorised quadratic in & is (2" —I)(e™™ +9)=0

. v n_ 025 . . . . -
Alternatively let ¥ =€  or otherwise and factorise a quadratic equation in x

0251 —25 ]-

Al Correct solution of the quadratic. Either ¢~ =2 or e oe.

|
In(—=)
2° In(2) ]n{l )

Al Correct exact value of t. Accept variations of 4In(2), suchas In(l6), —=— ,
025 025 2

{c) M1 Differentiates }* =17000e " +2000e™"* + 500 by the chain rule.

Accept answers of the form ((:ji) =+Ade" " £ Be™" A B are constants = 0
t

Al Correct derivative [%] = 42507 = 1000e ™.
There i3 no need for it to be simplified so accept
(%) =17000x%-0.25¢ """ + 2000 -0.5¢"" oe
t

M1  Substitute =8 into meir‘:ii,
I

This 1s not dependent upon the first M1 but there must have been some attempt to differentiate.
Do not accept =8 in I



Al

+593. Ignore the sign and the units. If the 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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24,
Question
Number Scheme Marks
3 (a) % = -\,I'r?je""ﬁ sin3x + 3¢ cos3x MIAL
X
%:n eV ({3 sin 3x +3c0s3x) =0 M1
Al
tan3x = —~.,l'r_’_=
T 2z MI1Al
Ix=—x=—
3 9
(6)
(b) Atx=0 =3 Bl
X
Equation of normal 1s —l =27 or any equivalent y = —%x MI1AL
25—
(3)
(9 marks)
(a) M1  Applies the product rule vu'™+uv’ to e sin 3x. If the rule is quoted it must be correct and there

Al

M1

Al

M1

Al

must have been some attempt to differentiate both terms. If the rule 1s not quoted (nor implied
by their working, ie. terms are written out u=...,u'=.....,v=.....v'=....followed by their

dv

vu'+uv’ ) only accept answers of the form = 4" sin3x+e™® x+Bcos3x

Correct expression for % =3¢ sin3x + 3¢ cos3x

Sets their% =0, factorises out or divides by &" . producing an equation in sin3x and cos3x

Achieves either tan3x 3 or tan3x = —333-‘

Correct order of arctan, followed by +3.

ﬁ)
3

Accept 31:%::-1:%? or 3.‘(:_—;:::-1:_—; but not x = arctan(

CS0x 22?1 Ignore extra solutions outside the range. Withhold mark for extra inside the range.




(b) BI
Ml

Al

Alternative in part (a) using the form Rsin(3x+a) JUST LAST 3 MARKS

Sight of 3 for the gradient
A full method for finding an equation of the normal.

m
| =0 . )
Eg -——= or equivalent is acceptable
their'm' x-
. . . y=0
¥ =-——x or any correct equivalent including ——=- .
3 3 x-0

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

Question Scheme Marks
Number
3. (a) % =+f3e"" sin3x +3e™ cos3x MIA1
X
%:n e (J3sin3x+3cos3x) =0 M1
{-Jﬁ]sin(31+§):[) Al
3x= 2 D x= 2 MIAL
(6)
Al Achieves either (Jﬁ}sin{lr+§) =0or {«fﬁ)cos(l‘c— %] =0
M1 Correct order of arcsin or arcos, etc to produce a value of x
Eg accept 3:{—1—% =Qormor2r=x=...
2
Al Caox= % Ignore extra solutions outside the range. Withhold mark for extra inside the range.

Alternative to part (a) squaring both sides JUST LAST 3 MARKS

Question Scheme Marks
Number
i (a) % =3¢ sin3x + 3¢ cos3x MI1AI
x
% =0 e (\f3sin3x +3cos3x) =0 Ml
-\Esinlrz —3cos3x = cos (3x) =£Gr5in3|{3x} =% Al
x=§arcus{4§] oe M1
2T Al




25.

?ﬂtenﬁgg? Scheme Marks
7. . d 3 M1
aj —(In(3x))=—
(a)(1) dx{ (3x)) ™
d 3 1 <. 3.3
E{:{2 In(3x)) = ln{lr}xix 2 +xlx§ MI1AL
(3)
(i1)
» — 5 —_— —_ - — 4
gz{EI 1y %x—10-(1 lﬂlx;}xSl[EJr 1y =2 MIAL
dx (2x-1)
dy  80x Al
de  (2x=1)°
(3
dx )
(b) x=3tan2y :}d—:ﬁsec‘Zy MI1A1
_l.l
dv
SN M
dx 6sec 2y
Uses sec’2y=I+tan’2yand uses lan2y=§
dy | 3 MI1A1
T —= :( 5
(5)
(11 marks)

Note that this is marked BIM1A1 on EPEN

(a)(1) M1  Attempts to differentiate In(3x) to E Mote that ELiS fine.
x x
1

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.
If 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
1 1

In(3x)% Ax 2 +x2x B 4B>0
X

Al Any correct (un simplified) form of the answer. Remember to isw any incorrect further work

3 B |l 5. 5.3 I@3x), 1 _ =1
E(r |n(3x)]—|n(3x)xax +x XE_(E—FE}_I {Eln3x+l]

Note that this part does not require the answer to be in its simplest form

(1) Ml 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



(2x—1) x+10— (1 - 10%)xC(2x 1)?
(z_r_l}llbur Tor 25

dv  (2x-1)x—-10—(1-10x)x5(2x-1)"x2

Al Any un simplified form of the answer. Eg — =
dx ((2x-=1))
C s . dy 80x
Al Cao. It must be simplified as required in the question — = W
>—

(b) Ml  Knows that 3tan 2y differentiates to Csec” 2y . The lhs can be ignored for this mark. If they

3sin2y

> this mark 1s awarded for a correct attempt of the quotient rule.
cos2y

write 3tan 2 y as

Al Wrtes down ';E = 6sec” 2y or implicitly to get 1= ﬁsecl.'ly%
_1.'

cos2yx6cos2y—3sin2yx-2sinly

. 6
Accept from the quotient rule ———— or even -
cos” 2y cos 2y

M1  An attempt to invert “their’ {;E to reach% =1f{(y) , or changes the subject of their implicit
}:l

differential to achieve a similar result % =f(y)

M1 Replaces an expression for sec” 2y in their dx or %with x by attempting to use
v X
3 3 . . ode dy 1 x
sec” 2y =1+tan” 2y. Alternatively, replaces an expression for y in — or—=— with—arctan(=)
dy dx 2 3
Al Any correct form of ﬁl_d; in terms of x. & = lx % T 32 = or ! P
Y o(1 +(§ﬁ T fsec’ (arctan(=))
Question
Number Scheme Marks
7. (a)(ii) Alt using the product rule
Writes Lﬂx}' as (1-10x)(2x—1)"" and applies vu'+uv’.
(2x-1)
See (a)(1) for rules on how to apply
(2x =17 x=10+(1-10x)x=5(2x - 1) * x 2 MI1AL
Simplifies as main scheme to 80x(2x—1)"" or equivalent Al

3)
(b) Alternative using arctan. They must attempt to differentiate
to score any marks. Technically this is MIATMI1A2

Rearrange y =3tan2ytoy= %amtan{%} and attempt to differentiate MIA1
Differentiates to a form 4 . = %x ;xé or ; oe M1 A2
X4 X. 4 X3 r
I+ (5}' (1+ {EH 6(1+ (5}‘]

(5)
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26.

Question No Scheme Marks
1 (a)
d B
= (In(3x)) = — for any constant B MI
Applying vu'+uv’ , In(3x) x 2x + x ML, AL Al
(4)
(b)
. vu'—upe
Applying —
x3x4ras|:4x];:5in (4xyx3x? M1 AT+Al
Al
dxcos{4x)=3s5in (4x) Al
= =
(3)
(9 MARKS)
{a) M1 Differentiates the In(3x) term to g. MNote that i is fine for this mark.
M1 Applies the product rule to x2In (3x). If the rule is quoted it must be correct.
There must have been some attempt to differentiate both terms.
[f the rule is not quoted (or implied by their working) only accept answers of the form
In(3x) x Ax + x* xg where A and B are non- zero constants
Al One term correct and simplified, either 2xIn(3x)or x. In3x?* and In(3x) 2x are acceptable forms
Al Both terms correct and simplified on the same line. 2xIn(3x) + x, In(3x) x 2x + x, x(2In3x + 1) oe
{b) MI Applies the quotient rule. A version of this appears in the formula booklet. If the formula 1s quoted 1t
must be correct. There must have been some attempt to differentiate both terms.
[f the formula is not quoted (nor implied by their working) only accept answers of the form
x¥xtAcos(4x)-sin (4x)xBx? .
(x®)2 or x5 or x5 or 27 with B > 0
Al Correct first term on numerator x> ¥ 4cos(4x)
Al Correct second term on numerator —sin (4x) % 3x?
Al Correct denominator x®, the (x*)? needs to be simplified
Al Fully correct simplified expression 4xcos(4x)-3sin (4x) , cos(dx)ax—sin (4003

Fa xd
Accept 4x ™% cos(4x) — 3x " *sin (4x) oe



27.

Alternative method using the product rule.

[4x)

MI1.A1 Writes % as sin(4x) x x~* 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~*

Al One term correct, either x™* x 4cos(4x) or sin(4x) x —3x~*
Al Both terms correct,Eg.  x~% % 4cos(4x) + sin(4x) x — 3x~*.
Al Fully correct expression. 4x~*cos(4x) — 3x~* sin(4x) or 4cos(4x)x~% — 3 sin(4x)x~* oe
The negative must have been dealt with for the final mark.
Question No Scheme Marks
4 dx 2 m MI AL
(5) = Zsec (y +E)
i =T . F LA I MI, Al
substitute y = L into their ay = 2sec (4_ + 12) =8
When y= E. =23 awrt 3.46 Bl
m
(y - E) = their m(x — their 2v3) MI
m
— 3= —B(x - 2v?) oe Al
(y 4) ( ) (7 marks)
M1 For differentiation of 2tan( + £) - 2sec? ( + i} There is no need to identify this with &
y 12 ¥ izt - s dy
. iting & = 25ec? (v 4+ E) or ¥ = 1
Al For correctly writing dy 2s5ec (y +5) oo 2sec2[y+£;
itute v = = into their i 4 is i = T cubstituted into 2
M1 Substitute y = 3 into their iy Accept if a4y 15 inverted and y = n substituted into e
dx _ dy _ 1
Al By Bor v
Bl Obtains the value of x=2+3 corresponding to y= E. Accept awrt 3.46
M1 This mark requires all of the necessary elements for finding a numerical equation of the normal.
Either Invert their value of E% , to find L—y then use m;* m>=-1 to find the numerical gradient of the normal
Or use their numerical value of - ::—;
Having done this then use (y - B = their m(x — their 24/3)
The 2v3 could appear as awrt 3.46, lheg as awrt 0.79,
This cannot be awarded for finding the equation of a tangent.
; i — : = —thei ical 2 (v =%
Waich for candidates who correctly use (x their 2‘\!’?7) = —their numerical o (y 4)
If they use “y=mx+c’ it must be a full method to find c.
Al Any correct form of the answer. It does not need to be simplified and the question does not ask for an exact answer.

TV _g(x— YT g ve=—gr+l _
(y 4)_ Br—2V3) , ——==-8,y=-8r+>+16y3, y=8x+ (awrt) 28 5




Alternatives using arctan (first 3 marks)

- . 1
M1 Differentiates y = arctan (;—c) - % to get PprEn »* constant. Don’t worry about the lhs
2

1+

. dy 1 1
Al Achieves e H;F * .

M1 This method mark requires x to be found, which then needs to be substituted into i—"’r
The rest of the marks are then the same.

Or implicitly (first 2 marks)

- . N d
M1 Differentiates implicitly to get 1 = 2 sec? (}' + I—T;) ® ﬁ
Al Eearranges to get D or ™ in terms of y
dx dy
The rest of the marks are the same
Or by compound angle identities
Ztany+2 tan (—)
— x 1z
x = Z2tan (}i + 12 1-tun}rtr1nﬁ
M1 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 ::—x
¥

{1- tany tun%}steczy— (Ztan}' +2 tan{%}}x -_l.'eczytun%

. dx
Al The correct answer for— = L
dy (1=tany tunﬁ}

The rest of the marks are as the main scheme
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28.

29.

Question Scheme Marks
Number
1 (a) 1 _ Zx+3 MILAL
(x24+3x+45) o (x24+3x+5)
(2)
xEix—giny—cosyx2y -~ —¥2giny—2xcosx _ —¥X5inx¥—=2cosy e AE,I,D
{x2]2 I‘} x3 (3)
5 Marks
Question Scheme Marks
Number
5 (a) p=1.5 Bl
(1)
(b) 2.5 = 7.5e K M1
1
—4k _
¥ =2 M1
1
—4k = —In(3)
1

See notes for additional correct solutions and the last Al

(4)




30.

(c)

dm

_ —k .
Frabe —kpe ¢ ft on their p and k MIALft
1 Ly
_ng % 7.5e 2 = —0.6In3
1 2.4
-3y _ =% MIAL
e ==z =(032)
- jj(ma]z = In(0.32) dM1
=4.1486....  4.150rawrt4.1 | Al
(6)
1 IMarks
Question Scheme Marks
Number
7(a) 2 —9=(x+3)(x—-3) Bl
dx — 5 2x
2x+1)(x—-3) (x+3)(x—3)
B (4x-5)(x+3) 2x(2x+1) M
(2x+1)(x—3)(x+3) (2x+1)(x+3)(x—3)
- 5x — 15
T @2x+D(x—-3)(x+3) MIAI
56r=3) 5
Al*

= (2x+1)(¢=3)(x+3) - (2x+1)(x+3)

(5)




(b)

f(x}:2x2+?x+3

L —5(4x+7)

F®)= o1 3)2
oy 15
- =-=

. . 4
Uses mym;=-1 to give gradient of m:rrmal—E

5
y-(3) hoi 4
—(x——lj =t eer

Vv -|-§ = ﬁ(x + 1) or any equivalent form

MIMI1ALI

MIAL

Ml

M1

Al

(8)

13 Marks
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31.
%"l';i'l‘;g: Scheme Marks
4,
(@) | #=20+ 4e™ (eqn*)
{r=0,8=90 =} 90=20+ 4e*" Substitutes r =0and & =90 into eqn * | M1
W=20+4 = A4=T0 4=70 | a1
(2)
(b) | @=20+ 70"
{r=5,0=55 =} 55=20+70e"" Substitutes 1 = 5and @ =55 into eqn *
5 and rearranges eqn * to make e*" the | M1
a0 subject.
15 Takes ‘Ins” and proceeds
In(%) = — 5k e X dm1
(%) to make ‘+5& " the subject.
-5k =In(%)
~5k=Inl-In2 = -5k=-In2 = k=1In2 Convincing proof that £ =1In2 | A1 =
(3)
(€| &=20+70e""
. +ae™ where k=1In2 | M1
99 _ Lo (70)e T
dr 5 —14In2e ™" | A1 oe
When ¢ =10, a8 _ ~14In2g M2
dr
dé 7
— = —=In2 = -2.426015132...
dt 2
Rate of decrease of # = 2.426 'C/min (3 dp.) awrt 2426 | A1

(3)
[8]




32.

Question Scheme Marks
Number
7
a) | v= 3 +sin2x
@ 2+ cos2x
Apply quotient rule:
=3+sn2x v=24+ cos2xl
E =2cos2x E= —2sin 2.\'[
dx dx
o -t
Applying — M1
, 2 T%) — — Isin ? '
by _ 20052x(2 + cos2x) “S';'“x'{} + sin 2x) Any one term correct on the | ,
(2 + cos2x) numerator
Fully correct (unsimplified). | Al
_ dcoslx + 2cos” 2x + 6sin2x + 2sin” 2x
(2+ ccszx}:
 4cos2x + 6sin2x + 2(cos’ 2x + sin” 2x) _
= (2 + cos2x) For correct proof wnh_ an
understanding
, thatcos” 2x + sin” 2x = 1.
dcos2x + 65in2x 4+ 2 . . .
= = (as required) No errors seen in working. | A1*
(2 + cos2x)
(4)
{b} When _‘{:%‘ }r=w=§=3 J-'L=3 B
- 2+cosx 1
At
[%13)1"1{“: 65inﬂ'+4cnsﬂ;+2 :—4:|-2=_2 m{T)=-2 | B1
e (2 +cosa) -
Either T: y-3=-2(x-2) v=y =m(x—Z) with “their
or y=-2x+¢ and TANGENT gradient” and their y,; M1
3= —2[%] +e = =3+ 1 : O uses V=mx+c Wllh ‘T.hf',']r
) TANGENT gradient’;
T: y=-2x+(x+3) y=-2x+m+3 | Al
(4)

(8]




33.

Question Scheme Marks
Number
8.
(a) | y=secx = = (cosx)”
Ccosx
Writes secx as (cosx) ' and gives
dy L dy - o m1
—= —l{cosx) (-sinx — = *|{cosx) (sinx
= ~l(cosx)™( ) < = *((cos)( )
~1{cosx)*(—sinx) or {cosx)(sinx) | A1
dy _ [ sinx | _ 1 sinx | I Convincing proof.
dx - r_:aslx - cosx J\ cosxy | —— Must see both underlined Steps. A1 AG
(3)
(b) | x=sec2y, y=2(2n+1)5 nei.
dv Ksec2ytan2y | M1
o 2sec2ytan2y ’ y
dy 2sec2ytan2y | Al
(2)
(c)| dv | . dy 1
—_——_—- Applies = =
dx 2sec2ytan2y PP dx “_IJ m
vy _1 Substitutes x fi 2y, | M1
& Zruanly Substitutes » for sec2y.
5 s 5 s Attempts to use the identit
l+tan" A=sec° 4 = tan°" 2y =sec 2y -1 P “ 2 : 3Iy M1
1+ tan~ 4 = sec” 4
So tan®2y = x* -1
dy 1 dy l Al
dy 2y f(x" -1 dx 2x-.,||(x" —1)
(4)

[91
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34.

Question Scheme Marks
Number
2. AtP, yv=3 B1
dy 3 18
—= 3(-25-3x) (-3 o ——
- X N ) (=3) { {5_3_@3} M1A1
dy 18
ZL-_ " _i=_18
de  (5-32))° " } M
m(N) = -t or — M1
—18 18
N: y-3=1(x-2) M1
N: x—18v+52=0 Al

[71

1" M1: +k(5-3x)" canbe implied. See appendix for application of the quotient
rule.
2% M1: Substituting x = 2 into an equation involving their -i—,

|
a their m(T) ’
40 M1 p— 1y, =m(x—2) with ‘their NORMAL gradient’ or a “changed” tangent
gradient and their »,. Or uses a complete method to express the equation of the tangent
in the form v = mx + ¢ with ‘their NORMAL (“changed™ numerical) gradient’, their

y oand x = 2.

3 MI1: Uses m(N) =

Note: To gain the final A1 mark all the previous 6 marks in this question need to be earned.
Also there must be a completely correct solution given.




35.

Question Scheme Marks
Number
5. (a) | Either y = 2or(0, 2) B1
(1)
(b) | When x=2, y=(8-10+2)e” =0e" =0 B1
(2" -5x+2)=0 = (x-2)2x-1)=0 M1
Either x =2 (for possibly Bl above) or x =1, Al
(3)
(c) % = (dx-35)e " - (2x° —Sx+2)e " M1A1A1
(3)
(d) | (dx-5)e™ —(2x" =5x+2)e " =0 M1
2 -9+ T7=0=(2x-Tx-1)=0 M
x=1,1 Al
When x =1, y= 9¢ ., whenx=1, y=—¢’ ddM1A1
(3)
[12]

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

(c) MI: (their u)e ™ + (2x° — 5x+ 2)(their v")

Al: Any one term correct.

Al: Both terms correct.

(d) 1" M1: For setting their %found in part (c) equal to 0.

2™ M1: Factorise or eliminate out e * correctly and an attempt to factorise a 3-term
quadratic or apply the formula to candidate’s ax® + bx + c.

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

3" ddMI: An attempt to use at least one x-coordinate on y =(2x" —Sx+2)e™".

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 to check that at least one
of the two

y-coordinates found is correct to awrt 2 sf.

Final Al: Both{x=1},y=-¢" and {x=1}.y=9e". cao

Note that both exact values of y are required.
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36.

Question
Number Scheme Marks
Q@ ()| y= ln(x~ + 1)
x
In(x? +1) — Something |,
2 du 2x x4+
# =lhnix+1) = I= T
o In(x"+1) = — Al
x 41
u=Inx"+1) wv=x
Apply quotient rule: 4 dy v dv I
dr ¥+l de
D e ) r_ -3 .
& [\":-I][I} —In(x" +1) Applying w correctly. | M1
dx ¥ Correct differentiation with correct
. Al
bracketing but allow recovery.
(4)
dy 2 1 2
{d_{ = D) I—gl"(f“}} {Ignore subsequent working. }
(ii) [ x=tany
tan y — sec” v or an attempt to
differentiate =y using either the | M1*
& e? ¥ sy
dy quotient rule or product rule.
& sec” v | A1
dy y
dy 1 2 . ody . .odx
- = — I=cos’y! Finding — by reciprocatine —. | dM1*
dy  sec”y t . £ dx 4 P € dy
For writing down or applying the identity
__ 1 sec’ y=1+tan’ y, dM1*
dr  I+tan’y which must be applied/stated completely in
.
H dy 1 red For the correct proof, leading on from the
e, 1+’ (as required) previous line of working. A1 AG
(5)

[91




37.

Question Scheme Marks
Number

Q7 (a) | v=secx = ! = (cos x)”’
cosX

dy .
dv . — = +((cosx) (sinx M1
E}: —l{cos x) " (—sinx) dx {( ) )]
—licosx)(—sinx) or (cosx) " (sinx) | Al
dy _ | sinx | _ 1 sinx | gec x lan x Convinecing proof.
dr leosiy]  lcosy M cosy) =—— Must see both undetlined steps. | A1 AG
(3)
(b) | v=e""seclx
. Either ™ — 2e™ or
u=e" v = seclx M1
Seen sec3x — Isec3xtan3x
du _ 2e™ L 3sec3xtan3x or implied Bothe™ — 2¢™ and Al
secdx — Isec3xtan3x
Applies vu' + uv' correctly for their M1
%: 2e™ sec3x + Je7" sec3xtan 3x u,u' v, v
2eMsecdx + e secIxtandx | AT isw
(4)
. . dy
c) | Turning point = —=10
(€ 2 p e
. dy B
) Sets their = =0 and fact |
Hence, e sec3x(2 + 3tan3x) =10 s et dx and factorises (or cancels) M1
out at least e™ from at least two terms.
{Note e =0, secdx 20, so 2+ 3tandx =10, }
giving tan3x = -2 tandx=xk; k=0 | M1
= 3x=-0.58800 = x={a}=-0.19600... Either awrt —0.196° or awrt —11.2° | A1
Hence, y={b} =& gee(3 % —0.196)
=(0.812093... = 0.812 (3sf) 0.812 | A1 cao
(4)
[11]

Part (¢): If there are any EXTRA solutions for x (or @) 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 -2 < x < £, 1e. -0.524 < x < 0.524.




June 2017 Mathematics Advanced Paper 1: Pure Mathematics 4

38.
Question Scheme MNotes Marks
Number
4, 4y’ =y =dxp 4+ 27 =0
@ | I e 3 g g B e —
Way 1 {ﬁx =:8x-3) & 4y 414:[1' +2 I"“m. =0 M1 Al MI B
yae W dy e ,dv
B-2)- 34y —-44)-4-2)— +2"In2—=0 dependent on the first M mark | dMI
dy dv dv
dy dy dy
~16- 48 16+ 82 + 16m2L =0
dv dx dr
dy 32 ~32 r 4 or or exact equivalent | Al cso
—_— = L= 4 5
dvr  —-40+16In2 40-161n2 -54+2In2 ~5+1n4
NOTE: You can recover work for part (a) in part (b) | 6]
-1
) ce m, = —40 j—3|261n2 or 40 —3';51!12 Applying m, = E to find a numerical m,_ -
Can be implied by later working
. va- 740 - IlﬁanJ[_r __2) Using a numerical
| \ 32 m, (" m,), either
. : (40 - 161n2 y—4=my(x--2)
Cuts y-axis > x=0= y-4= Y [2} and sets x=0 in their | Ml
- normal equation
40 - 16In2) or
4= TJ(‘2}+"—‘ 4 = (their m ¥-2) + ¢
{ 40 - 16In2 104 - 16In2
= =44 — = ——— =
| 16 16
13 104 13 13 .
ylore)=—-In2 —=In2 or —=In2 or —In2 +— | Al ¢so isw
2 6 2 2
Note: Allow exact equivalents in the form p — In2 for the final A mark |3]
| 9
(@) L P N S v e S Bl
Way 2 {@( | dy T dy — MiAl Ml BI
dx 5 dx p
B —Ejd— =34y - 4{4}d— = 4-2)+2"In2=0 dependent on the first M mark | dMI
iy y
dy 32 ~32 0 4 r 4 or exact equivalent | Al eso
_— = L= 4 5
dvr  —-40+16In2 40-161n2 -54+2In2 ~5+1n4
Note: You must be clear that Way 2 is being applied before you use this scheme | 6]




Question 4 Notes

4. (a) Note | For the first four marks
Writing down from ne working
o W Aol 8 dr s MIAIMIBI
dr  -3y" —dx+27In2 3" +4x - 2"In2
b -4y W8 ores MIAOMIBI
de -3y —4x+2'In2 3" +4x - 2¥In2
Writing 8xdx — 3y" dy — 4ydx — 4xdy + 2’ In2dy = 0 scores MIAIMIBI
Question 4 Notes Continued
4. (a) 1" M1 | Differentiates implicitly to include either + 4x$ or -y’ = x4y d or 2V — £ yZ-"E
dx dx dr
(Ignore [g—‘ :] ). A, u are constants which can be |
X
1" Al | Both 4y’ — " — 8x -3y’ j—} and =0—>=0
X
»dy dy oody 2 dy dy oy
Note eg. 8Bx- 3_1"—} -4y - axL i ormE 5 - 3}-“—J Yy rmeE o 4y - Bx
dr dx dx dv dr dv
dy dy dy dy _dy dy
or eg -16-482 16+ 82 +16m2Y - - 48 8 L 16m2FL =32
dx dx dx dr  dx dx
will get 1* Al (1mplied) as the "=1()" can be implied by the rearrangement of their equation.
dy dy dy dy
2 M1 | -dxy > -4y - 4vL or 4y - 4xL or - 4y + 4xL or 4y + 4L
. dx dx dx dx
— . oady ' m2y AV
Bl 27 52m2Y o ¥ sema?
dx dx
Note If an extra term appears then award 1** AD
3*'dM1 | dependent on the first M mark
d »
For substituting x =—2 and y =4 into an equation involving I}
X
Note M1 can be gained by seeing at least one example of substituting x = —2 and at least one
example of substituting y =4 unless it is clear that they are instead applying x =4 and y=-2
Otherwise, you will NEED to check (with vour calculator) that x = =2, y = 4 that has been
substituted into their equation involving :_l
X
Note Al cso:  [f the candidate’s solution 1s not completely correct, then do not give this mark.
Note isw: You can, however, ignore subsequent working following on from correct solution.
() Note The 2™ M1 mark can be implied by later working.
p - -1
Eg. Award 1" M1 and 2* M1 for 2 = -
their m; evaluated at x = -2 and y =4
1%
MNote Al: Allow the alternative answer : y= : lnL—ij 4+ —(In2) which is in the form p+ gln2

2ln2




L@ | . ifFerentiates implicitly to include either + 41 or 4x° — + ix X
Way 2 1* M1 Differentiates implicitly to include efther + 43 ar or 4x° — + dx a
dx . .
(lgnore | — =|{). A is a constant which can be |
dy )
2 3 dx 2
1 Al | Both 4y -y — E{\-d——_l_r and =0—==0
&l y
dx dx dx dx
2™ MI | -d4xy o -dy— -4y or 4y—-4x or ~4y—-+4x or 4y—+4x
' “dy “dy “dy “dy
Bl |2 —>2In2
34 dM1 | dependent on the first M mark
For substituting x = -2 and ¥ =4 into an equation involving d—T
1y
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39.

Question Scheme Notes Marks
Number
3. 227y + 2x + 4y —cos(7y) =17
(2) Ekﬁ(b-(':- 4_1r_]'+2_1r:E +2+4£+ ﬂsi]l{ﬂl‘]ﬂ=ﬂ M1 Al Bl
Way 1 1% dx x Cdx — =
dyi, 2 . N P P
d—fzn + 4+ wsin(ry)) + dxy+ 2=0 dM1
e J
dy | —dxy -2 dxy+2 “orrect Answ
Y_l__ 3 : or X : Lum,.t,la?r?srcr Al eso
de | 2x* + 4+ rsin(ry) = 2x" — 4 - gsin(xy) or cquivalent
[5]
L v ]
. e+ 1) dy _403)L) -2 3 Substituting x = 3 & ) =3
= mp=—= n - -
[ gJ 2 J Tode 23 +44+ }rsmf%m} 2+ : L .dy ML
.2 ! into an equation invelving —
dx
N Applying ., i find a numerical M,
m, = 2 Tomy - MI
Can be implied by later working
1 (224 m)
Y [ )3
1 [zzn“ I 66437 y— L= m (x—3or
.« —= JI:3}+C:HT=—— T2 K
2 8 2 b )
V= mX+¢ where — = (thei +c S
(2247} 1 66+3r Y=MATewhere o =(theirm)3+c |
=y= X+ —-
2 8 with a numerical m, (2 m.r]lwhcrc i, 15
) in terms of T and sets y=0 in
Cuts x-axis = y =0 . .
their normal equation.
1 22+«
= ——== { (x - 3)
2 g )
-4 Ir +62 Ir + 62 G+ 124 62 + 3
So, x = 3 = or or
”'{T Paa }" P v 22 2z+aa  22+x |Aloe
[4]
9




\ { \'I
: dr 2 dx :
W{d]-l {E:} r4_'q1~—+2:r'| +2—+ 4+ gsin(xy)=0 MI Al Bl
w2 | eSS
dxv Al LAz .
E[41}'+ _} +2x* + 4+ gsin(7y)=0 dM1
dy ~4xy -1 4xy +2 Correct answer
= - . or _ - ) Al cso
de  2x" + 4+ msin(Ty) - 2x" -4 - msin(Ty) or equivalent
15]
Question 3 Notes
3. (a) Note  Writing down from ne working
dy —4xy-12 dxy+2
s =T w or 3 . scores MIAIBIMIAL
dv 2" + 4+ gsin{xy) = 2x" - 4 - gsin{7y)
dy 4xy+2
s = . scores MIAOBIMI1AD
dy  2x" + 4+ Tsin{ay)
Note  Few candidates will write dxydr+ 2x'dy + 2dv+ ddy + zsin(7y)dy = 0 leading to
b —4xy -2 ivalent. This should get full mark
o 3 - or cquivalent. 15 should get full marks.
de  2x" + 4+ xsin(7y) b
Question 3 Notes Continued
3.(a) . T : : , dy dy , dy
. M1 Differentiates implicitly to include either 2x™ — or 4y =+ 4— or —cos(xy) — + Asin(Ty)—
Way 1 x dx dx
(lgnore [d‘_" = \| ). A 15 a constant which can be 1.
Ldy )
dy , dy
1Al | 2x+ 4y —cos(my)=17 — 2+ 4L :z'::tn{,-'rjr}"Tll =0
x x
, dy dy dy , dy dy . dy
Note | dxy+ w2442y :rsn:][,T_r}i BN P L .rna.'m[fr_l"ll =—day-12
dx dx dx dx dx dx
will get 1** Al (implied) as the "=1{)" can be implied by the rearrangement of their equation.
Bl 23ty — day + 207 4
dx
MNote | If an extra term appears then award 1% AQ.
dM1 | Dependent on the first method mark being awarded.
An attempt to factorise out all the terms in :—1 as long as there are af least two terms in j—'} .
x x
ic. E{EI: + 4+ .‘Isin{;‘rr]} -
dx ]
Note | Writing down an extra & = ... and then including it in their factorisation is fine for dM 1.
x
Note | Final Al eso:  If the candidate’s solution 15 not completely correct, then do not give this mark.
Note | Final Al isw: You can, however, ignore subsequent working following on from correct solution.
{a) Way 2 | Apply the mark scheme for Way 2 in the same way as Way 1.




(b)

1" M1 | M1 can be gained by seeing at least one example of substituting X =3 and at least one example of

-
that they are nstead applying x = % =3

substituting y = % Eg "—dxp"—"-6" in their & would be sufficient for M 1, unless it is clear

3™ M1 | is dependent on the first M1.

Note | The 2™ M1 mark can be implied by later working,
4 -1

Eg. Award 2™ M1 3™ M1 for — = ——
j—x therr m,

i T
Note | We can accept sing or Sinl;} as a numerical value for the 2" M1 mark.

Pa
2

. T
The 3™ M1 can be accessed for terms conlaining ESIHLE] .

i
But, sint by itself or Siﬂl J by itself are not allowed as being in terms of 7T for the 3™ M1 mark.
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40.

Question
Number

Scheme

2,

(a)

(b)

¥ -3ap -4y +64=0

s ; 5 e —
.jﬁ:f 2x - 3d]:+3:r';jl —Erdi: 0
il B | i) P -

2r—3y+(-3x- 3_\‘}£ =0

dy  2x -3y Jy—2x

—_— = or 0.e
e Ay My

. 2 2 Y EREINE :
X =3x|=x|-4|=x| +64=0 =y =3 =yly—dr+64=0
3 3 2°) \2 o

-2 —%xi+54=n — B0 3;.-3 —%_r-‘ —dy'+ 6d=0 = —%;w 6d=0




Alternative method forpavt(a)
( ) MIAL
(a) E‘.‘-ﬂ' EIE— 31‘£+3.r —8v=10 -
H e MI
(E.T—S}‘}E—3I—E}-'={} dm1
N
ﬁ—h_h or 3y—2x 0.e, Al cso
e 3By Xy ]
15]
Question 2 Notes
2 f 2% — 3y —
Ganerm | Nt | Weagdon - 300 o 3 ommvekingsls
, _ 1, i
Note | Writing down & = 2x—3) or 3y-2x from no working is M1AOB1IMI1AD
de -3x-8y 3r+ 8y
. . . . . : dy  2x -3y
Note | Few candidates will write 2xdy — 3ydx — 3xdy — 8ydy =0 leading to — = ———, o.e.
; dx  3x+8y
This should get full marks.
, . C . . dy 3 dy dy
2. (a) M1 | Differentiates implicitly to include either #3x— or —4y° — thky— (Ignore | — = |).
dx dx dx
Al |Both x> 52x and .. -4y +64=0— —R_t-% =0
(Note | Ifan extra term appears thenaward AO.
dy dy dy dy
ML | —3g —1rd—‘:— 3y or —3xd—'1+ 3y or 3:7:— 3y o hd—i+ 3y
Note | 2x —_%_1;-—3.':E - R}-E — 2x —3y= 3::ﬁ + E&yﬂ
dx dx dr dx
__________ _will get 1% Al (implied) as the "=0"_can be implied by the rearrangement of their cquation.
dM1 | dependent on the FIRST method mark being awarded.
An attempt to factorise out all the terms in & as long as there are at least two terms in & .
dx dx
. dy dy L .
e, o+ (=3x-8y)=—=. or .. = (3r+8y)=— . (Allow combining in 1 vanable).
___________________________________ de e
Al 2x 3y or 3y—2x or equivalent
’ 3x+ By —3x -8y “ )
Note | cso Ifthe candidate’s solution is not completely correct, then do not give this mark.
_Note | Youcannot recover work forpart (a)inpart(b).




. . dy , . dx
2.(b) M1 | Sets their numerator of their a equal to zero (or the denominator of their v equal to zero) o.e.
i . : . dy Lo dy dy _ .
Note | 1* MI can also be gained by setting ac equal to zero in their “2x — 3y - 3xr— — }-'d—: 0
X k3
Note | If their numerator involves one variable only then only the 1" M1 mark is possible in part (b).
Note | If their numerator is a constant then no marks are available in part (b)
Note | If their numerator is in the form +ax” + by =0 or +ax+ k" =0 then the first 3 marks are
__________ possibleinpart M) e
dy  2x -3y . ,
Note | — = =~ = 0 is not sufficient for M1.
dv  3x+ 8y
Alft | Either
. . 2 3
s Sets 2x — 3y to zero and obtains either y = EI or x ==y
e the follow through result of making either y or x the subject from setting their numerator
. dy
of their — equal 1o zero
........... e
dM1 | dependent on the first method mark being awarded.
Substitutes either their y = %x or their x = ;y into the original equation to give an equation in
___________ one variable only.
! . 24 24 16 16 . .
Al | Obtains either x = 3 or ry or y= 3 or — 3 (or equivalent) by correct solution only.
. 48
e, You can allow for example x = m or 4.8, elc.
Note | y= 1!% (not simplified) or y = ﬂ% {not simplified) is not sufficient for Al.
2.(b) ddM1 | dependent on both previous method marks being awarded in this part.
ctd Method 1
Either:
* substitutes their x mto their y = %_‘r or substitutes their y into their x = %_]ﬁ . or
. . 2 ! i . . :
s substitutes the other of their y = E.t or their x = Ey into the onginal equation,
and achieves either:
s cxactly two sets of two coordinates or
s cxactly two distinet values for x and exactly two distinet values for y.
Method 2
Either:
s substitutes their first x-value, x, into x —3xp—4y" +64 =0 1o obtain one y-value, y, and
substitutes their second x-value, x, into ¥ —3xy —4y" + 64 =0 to obtain 1 y-value ¥, or
e substitutes their first y-value, y, into x =3y — 4y +64 =0 to obtain one v-value x, and
substitutes their second y-value, y, into ¥ —3x -4y  +64=0 1o obtain one x-value x,.
MNote | Three or more sets of coordinates given (without identification of two seis of coordinates) is ddM(.




MNote

Note

Note

Note

Note

Note

Note

MNote

————— SpTTTTeTTemmmmmmsseseneonoooo s

24 16 (24 16 : :
Both 3’5 and ——,—?J,Unl}f by cso. Note that decimal equivalents are fine.

L s
24 16

Also allow ¥x=—, v=— an
5 7 5

16

_a s V= 3 all seen in their working to part (b).

5

d x=

Allow x=i§, J’Zi% for 3 Al

24 (16

2 24
r=t—, 1':iE followed by eg. —,Jﬂ a (_16 24
50V s

— nd | - —, ——

23 Rl Y

(eg. coordinates stated the wrong way round) is 3™ A0.

It is possible for a candidate who does not achieve full marks in part (a), (but has a correct numerator

for %] to gain all 6 marks in part (b).
X

Decimal equivalents to fractions are fine in part (b). ie. {.4.3 \ 3.2] and {'—4.?{ .—3.2).

I/ . -
L% , %] and [_§ - lTbJ from no working is MOAOMOAOMOAO.

Candidates could potentially lose the final 2 marks for setting both their numerator and denominator
to zero.
Mo credit in this part can be gained by only setting the denominator to zero.
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41.
Question
Number Scheme Marks
1. X4+ 2y —x—y -20=0
(a) E}t{ £+(2}3+2}cﬁ - —3_-,'3£={] MI Al Bl
B L dy dy =
2y dy
3¢ 42y - 14 (26 -3 ) 2 =0 M1
dr
dy  3x* +2y-1 or 1-3x" -2y Al
de | 3y —2x 2x - 3y o
151
' : 2y — 2
(b) At P(3,-2), m(T) = dv _ M; 22 . n
dr -2 -203) 6 3
lrl I "
and either T: y—-2= N (x-3) see notes | M1
11
or [—2]:(— 3)+c=c=..,
\ 3
T: 1lx-3y-39=0 or K(llx-3y-39)=0 Al cso
12]
;




Alternative method for part (a)
(a) E_x 3x2£+ 2_‘_v£+2x _£_3y2:0 Mlﬁg
b % dy dy dy —
s ) dx
2x =3y  + (3x" + 2y -1)—=0 dM1
S x
dy _ 3x' +2y-1 1-3x" -2y i
dr 3y’ - 2x 2x - 3)° o
151
Question 1 Notes
(a) s dy  3x* +2y-1 1-3x* -2y g o
Note | Writing down — = —— —————— from no working is full marks.
General | "¢ ¢ dx 3y° - 2x 2x - 3y° £
y T -3 — 9w
Note | Writing down d—‘ = M l—}—i from no working is MIAOBOMIAO
dx 2x -3y° 3y -2x
Note | Few candidates will write 3x* + 2y + 2xdy —1 - 3)y’dy = 0 leading to .S = M o.e
dx 3y’ - 2x
This should get full marks.
1. (a) M1 | Differentiates implicitly to include either 2 o -y > tky? @, (Ignore [d—) =J).
dx dx dx
2 , dy
Al [ ¥’ 53x and -x-)'-20=0 - -1-3)° (—;—:O
X
Bl | 2xy > 2y+ 2x£
dx
Note | If an extra term appears then award 1** A0.
. 2 dy »dy ) , dy dv
1. (a) Note | 3x" + 2y + 2)(i -1- 3}"—} — 3 +2y-1= 3y'i— 2:—}
ctd dx dx dx dx
will get 1™ Al (implied) as the "= 0"can be implied by rearrangement of their equation.
dM1 | dependent on the first method mark being awarded.
dy dy
An attempt to factorise out all the terms in 2 as long as there are af least two terms in i .
dx dx
2y dy
ie. ..+ (2x -3y |—=..
(2x -3 )3
Note | Placing an extra :_;.' at the beginning and then including it in their factorisation is fine for dM1.
X
Al For ﬂ or equivalent. Eg: M
2x =3y 3y - 2x
cso: If the candidate’s solution 1s not completely correct, then do not give this mark.
isw: You can, however, ignore subsequent working following on from correct solution.
1. (b) M1 | Some attempt to substitute both ¥ =3 and y = - 2 into their % which contains both x and y
to find m, and
* either applies y — —2 = (their m; J(x — 3). where m; is a numerical value.
* or finds ¢ by solving (-2} = their m, )(3) + ¢, where m, is a numerical value.
Note | Using a changed gradient (i.e. applying — — of ——— is M0).
their - their
Al | Accept any integer multiple of 1lx =3y -39=0 or llx -39 -3y=0o0r - llx + 3y +39=0,
where their tangent equation 1s equal to (..
cso | A correct solution 1s required from a correct 3_—}
X
isw | You can 1znore subseguent working following a correct solution.




Alternative method for part (a): Differentiating with respect to y

1. (a) M1 Differentiates implicitly to include either 2_-,';& or X =tk j—t or —x— - —
v Iy

dy
dx
Ignore | — = |[).
e [dy _]]

Al :'c'"’—:»l'rEE and —.r—y':—ﬂ}:ﬂ — —2—3}-‘:=ﬂ
dJ.- 'd_'l'
d_ -
B1 2xy — 2_1.-—l +2x
dy
dM1 | dependent on the first method mark being awarded.

. . . dx . odx
An attempt to factorise out all the terms in ™ as long as there are at least two terms in ol
v i3

1-2y -3 or equivalent. Eg: a7 +2y-1
2x - 3)° « - oF Iy —2x

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

Al For

Question Scheme Marks
Number
4. %:805, V =4rh(h + 4)=4xh* + 167h,
r
dv - tah+t B, a=0, =0 | Ml
o e 87h + 167 | Al
o r I,’ -
i*xE: v = (Bxh+ lﬁn]ﬂzﬁﬂz | 'C‘:El.t'miia:late'sE xﬁ=snz
dh dr dr dr L dih ) dr
dh dV dV | di Ml oe
: : , dr
—_—— o — —= Bz 80r + Candidate's —
{ds ar | 87h + 167 or Sir = tandicates 1
When / = 6. dh _ 1 % 807 4 = 80z dependent on the previous M1 dM1 J
dr Bar(h) + 16 64T see notes
dk _1as {cms™) 1250r 2 or L or 30| AT ge
d — 4 L
51
5
Alternative Method for the first M1Al
u =4rh '.J:Fr+4l
Product rule: { gy dv
L o4x 2oy f
dh dh
dV tahx B, a=z0, 820 | Ml

& _an(h+4) + 4Th
3 i d)+ax dr(h+4)+ 4rh | Al




Question 4 Notes

M1 | Anexpression of the form +ah = f, a@ # 0, f# 0. Can be simplified or un-simplified.
Al | Correct simplified or un-simplified differentiation of V.
eg. 8th+16x or 4x(h+4)+ 4xh or 8x(h+ 2) or equivalent.
Note | Some candidates will use the product rule to differentiate J” with respect to /1. (See Alt Method 1).
dv
Note Ty does not have to be explicitly stated, but it should be clear that they are differentiating their V.
M1 (Candidate's i)x-dﬁ =807 or 80r + Candidate's i
dh ) dt dh
: dr
Note | Also allow 2* M1 for (Candidate's i)x% =80 or 80 + Candidate's —
dh } dr dh
cossisind ] dr) da 9 dv
Note | Give 2™ MO for | Candidate's FTy x-(; = 80xt or 80k or 80xt or 80k + Candidate's Ty
dM1 | which is dependent on the previous M1 mark.
y
Substitutes s = 6 into an expression which is a result of a quotient of their % and 807 (or 80)
Al 1.250r i orB or & (units are not required).
4 8 o4
80r .
Note | —— as a final answer is AQ.
64r
Note

Substituting / = 6 into a correct Ty gives 647 but the final M1 mark can only be awarded if this

is used as a quotient with 807z (or 80)
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43.
Question Scheme Marks
Number
7. X edyp+yt+27=0
(a) E:===: 2_x+(s‘~_'.'+~:l.1:E +2_1'£= 0 M1 Al Bl
A . dx dr — =
dy
2x+4y 4+ (d4x + 2y)—=0 dM 1
dx
dy _ —Ix-d4y | -x-2y Al
dx 4x+ 2y 2x+y S0 0e
151
(b) dx+2y=10 M1
1
y=-2x X=—=y Al
2}
: . LY 1 .
X +4x(-2x0)+ (2% +27=0 —E_'l' + 4;\—5}- y+y +27=0 MI1#*
; 3,
=3x" +27=0 —Z}-"+2?:CI
=9 ¥ =36 dMm1*
x=-3 y==0 Al
When x=-3, yv=-2(-3) When v =6, r=—%(6] ddM1*
y= 6 x=-3 Al cso
171
12
MNotes for Question 7
e ) . dy dy {dy
(a) M1: Differentiates implicitly to include either 4x— or zky—. (Ignore | — =|).
dx dx \dv
. ( ; dy
Al: {1}—:»[&) and | ..+ +27=0— +2y—=—=0 |.
\ _ Tde
Note: If an extra term appears then award AQ.
Note: The "= 0"can be imphed by rearrangement of their equation.
ie: 2x+ 4y + -1.1:ﬁ 4 E_vﬁ leading to 4:':E i _"f'_yﬁ = —2x— 4y will get Al (implied).
dx dx dx X
dy dy .
Bl: 4y +4x— or 4| y+ x— | orequivalent
dx \ d_T_
dM1: An attempt to factorise out % as long as there are at least two terms in j—J .
X
) dy dy
e L+ {dx+2y)=—=.. or ..+22x+ y)=—=..
( S0 brm (2x + )
Note: This mark is dependent on the previous method mark being awarded.
Al: For ~2x— 4y or equivalent. Eg: +2x +4y or Z2x+2y) or —x-2y
x+ 2y —4x -2y 4x + 2y 2y +y
cso: Ifthe candidate’s solution 15 not completely correct, then do not give this mark.




Notes for Question 7 Continued

(b)

M1: Sets the denominator of their % equal to zero (or the numerator of their ;ﬂ equal to zero) oe.
_—"I

Al: Rearranges to give either y =-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 y = —2x
into ¥* or for x = —%y into 4xy.

M1*: Substitutes y=fAvororx=ftuyv or y=tdxzagor x=zuvzh (A=0, u=0) into
x* +4xy + 3" + 27 =0 to form an equation in one variable.
dM1*: 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, v =0 (ignore vy =—06) (correct solution only).
ddM1* Substitutes their value of x into y = £ Ax to give v = value
or substitutes their value of x into x° + dxy + 3 + 27 =0 to give y = value.
Alternatively, substitutes their value of y into x =+ uy to give x = value
or substitutes their value of v into x° + 4xy + 3° + 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) cso.

Note: If a candidate offers two sets of coordinates without either rejecting the incorrect set or accepting the
correct set then award AD. DO NOT APPLY ISW ON THIS OCCASION.
Note: x =-3 followed later in working by y = 6 is fine for Al.

Note: y =6 followed later in working by x = =3 is fine for Al.
Note: x =-3_3 followed later in working by y =6 is A0, unless candidate indicates that they
are rejecting x =3

dy dx
Note: Candidates who set the numerator of d—} equal to 0 {or the denominator of their W equal to zero) can
X L

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 MOAOM IMIAOMIAQ. They will usually find (-6, 3) {or even

(6, -3)}

d ¥
Note: Candidates who set the numerator or the denominator of E} equal to £k (usually & =1) can anly
X

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 MOAOMIMLAOMI1AD.

Special Case: It is possible for a candidate who does not achieve full marks in part (a), (but has a correct
dy
denominator for E} ) to gain all 7 marks in part (b).

Eg: Anincorrect part (a) answer of Y = 2x -4y
de  4x+ 2y

can lead to a correct (— 3, 6) in part (b) and 7 marks.
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44,
%ﬂﬁggp Scheme Marks
3 dr
2 (a) F=x = —=3x" % cso | Bl (1)
dx
de dx d¥ 0.048
b) —=—x—=—
S TR M
At x=8
dv  0.048 -
— =——=0.00025 [ cms™’ 2.5x10™
dr 3{33) [ ) Al (2)
{c) S=6x = E=|2'c Rl
dx
dS dS dx 0.04
—_—=—x—=12x ~ M
dt  dx dt Ix”
At x=8
ds 2
—=0.024 (cm's™
o (em’s”) AL @)
[6]
45.
?ﬁ?:;ggp Scheme Marks
. e . ,dy , 5 dy
5. (a) Differentiating implicitly to obtain +ay a and/or +hx™ — M1
X
5 dy
48y —+ .. =54 ..
¥ dx Al
2 2 dy .
Ox "y —9x E+ 18xy or equivalent | g1
3 oy dy
(48 +9x7 )= +18xy-54=0 MI
dx
dy  54-18xy 18— 6xy
——=—— 3 |=T= 3 a3 Al 5
dr 48y +9x° [ 16_1='+3_r‘] ©)




(b) 18-6xy=0 — M1
Using _'c=E or y= i
¥ &
163134-9[3] y—54[3]=n or lﬁ(iJ +9x:[—)—54x=[} — M1
¥ ¥ X x
Leading to
lﬁyd+81—162=0 or 16+x'-2x'=0 M1
. 8l 4
= or x =16
4 16
o232 or  x=2.-2 Al Al
2 2
Substituting either of their values into xy =3 to obtain a value of the M1
other variable.
» 3} (L3 both | Al 7
=y 2 * L 2 { ]
[12]
Jan 2012 Mathematics Advanced Paper 1: Pure Mathematics 4
46.
S:::rf]t:-i:rn Scheme Marks
}!}( ] dy »dy
o il , S MI Al Bl
1. (a) {Rx[ 2+ 6) ¥+ Gxy+ 3x = Bx Al Bl
dy _ Bx-2-6xy| P
J[ dr —6_1'+3x'1 not necessarily required.
dy  8(-)-2-6(-1)1) 4
At P(-11), == s S
tP(-L1), m(T) = 6031 5 dM1 Al eso
151
=1 9
So, m{N)= — {= —
(b) o, m(N) " { 4} M1
9
N: _-.'—1=E(x+1] Ml
N: 9x -4y +13=0 Al
131
8




(a)

(b)

dy L dy dy
M1: Differentiates implicitly to include either t!ry—} or 3x° 4 AIgnore Z_ ).
dx dx dx

5 dv )
Al: [2x+3y‘ } — (2 +6y d_i] and |{4x‘ — 8;1:] . Note: If an extra “sixth"” term appears then award A(.
— dv

Bl: 6xy+ 3xlﬁ.
dx

dM1: Substituting ¥ = =1 and v =1 into an equation involving % Allow this mark if either the numerator
X

. dy Bx-2-6xy . . .
or denominator of <. = ——————— is substituted into or evaluated correctly.
dx Oy+3x”
If it is clear, however, that the candidate is intending to substitute x =1 and y =—1. then award MO.

Candidates who substitute x =1 and y =-1, will usually achieve m{T} =-4
Note that this mark is dependent on the previous method mark being awarded.
Al: For _4 or _8 or —0.5 or awrt —0.44
9 18

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

1
their m(T)
MI1: Uses y—1=(m,)(x—=1) orfinds c using x =—land y =land uses y=(m,)x +"c",
% o my=———0
their m(T) ' their m(T)
Al: 9x—4y+13=00r - 9x+4y-13=00r 4y -9xr—-13=0 or 18x -8y + 26=10 etc.

Must be “=0". So do not allow 9x+ 13 =4y etc.

M1: Applies m{N) =—

Where m, =— r m, = —their m(T).

6y +3x°

Note: m, =— [Ex—Z .

J 1s MOMO unless a numerical value 1s then found for m, .

{E x} EE +6y+ [ﬁxy;ﬂ + 32t ]: EIE

X

M1: Differentiates implicitly to include either .'ZE or 6xy£ or ikxE . (Ignore dx =)
dy dy dy dy

dy ly

Al: [2x+ 3}'3} — [2;1E + 6}JJ and [413 — E_\';ﬂ] . Note: If an extra “sixth” term appears then award AQ.

Bl: 6xy+ Exlﬁ,
dx

dM1: Substituting ¥ =-1and y =1 into an equation involving % or i—y Allow this mark if either the
ly X
, dx 6y +3x?
numerator or denominator of — = ———
dy  Bx-2-6xy

If 1t 13 clear, however, that the candidate is intending to substitute x =1 and y = -1, then award MO.

is substituted into or evaluated correctly.

Candidates who substitute x =1 and y ==1, will usually achieve m{T} ==4
Note that this mark 1s dependent on the previous method mark being awarded.

Al: For —i or —i or —0.:1 or awrt —0.44
9 18

If the candidate’s solution is not completely correct, then do not give this mark.
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47.

48.

Question
Number Scheme Marks
dr .
3. (a) E=—;=rh—?rh or equivalent M1 Al
1
ath=01, ¥ _Lo0.1)-(0.17 =004 T
!—..E—EH’.}}T.}—.H’ 35 M1 Al (4)
die d¥ dV =« | T .
b P Y S or —+ their (a
®) d d& dh 800 igh-xh’ ®) M1
di & 25 1
At h=0.1, E:ﬁx?:ﬁ awrt 0.031 | A1 (2)
[6]
Question
Number Scheme Marks
I dy
5. ydr Bl
= 2111x+2x(l] MI Al
WX
At x=2, Iny=2(2)In2 M1
leading to y=16 Accept y=¢""™ Al
1 dy
At (2,16 ——=—=2In2+2
(2.16) co -2 MI
dy
E=16[2+21n2] Al (7

171




49.

Alternative

J': EZ.‘rIn.‘r BI
d 1)
—(2xInx)=2Inx+2x —J MI Al
dx x
E:(Zlnxirlx[lnam” M1 Al
dx X
At x=2, E:(21n2+2}e'”"3 M1
dx
=16(2+2In2) Al (7
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E =—16111(D.5]|ﬂ.5" M1 A1
dt
At t=3 (:ﬂ—f= ~161n(0.5)0.5° M1
=-2In0.5=In4 M1 A1
[5]
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50.

51.

Question

Number Scheme Marks
d
—(2")=In2.2"
3. (2=l Bl
In2.2" +2y dr—2_1=+21£ M1 Al= Al
dx
Substituting (3, 2)
dy dy
8In2+4L 446
dx dx M1
dy )
d—'=41n2—2 Accept exact equivalents | M1 Al (7)
X
(71
Question
Number Scheme Marks
dr
], (a) E:D.ﬂtﬁx—[}.ﬁrh MI Al
V =9xh :::I—'E?erE Bl
dh
97— =0487-0.60h M1
dr
) dh
Leading to TSE=4—SIE * cso | Al (5)
b =|1dt separating variables —| M1
®) .[ 4-5h =] parne [
~15In(4-5h) =1t (+C) M1 Al
—lSln|[4—sz}=!+C
When ¢t =0, A=02
=15In3=C M1
f:]51n3—15ln|{4—5h}
When h=0.5
3
f=15ln3—15|nl.5=ISIH[Eleﬁlnz awrt 104 4 M1 Al




Alternative for last 3 marks

0s
L]

t=[-15In(4-5h)]

==15Inl.5+15In3

=15In 3 =15In2
1.5

M1 Ml

awrt 10.4 | Al (6)
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52.

Question
Mumber

Pure Mathematics 4

Scheme

Marks

Q3

(c) At [

. . dy
a) =2sin?x-=3sin3v—=—=10
(a) sin 2x =3sin 3)

&

B 2sin2x
dx

2sin2x
Isin3y

Accept

M1 A1
=2sin2x

T
b) At x=—,
( 6

cus[%} +cosiy=1

cos3y=

EEJ
6 9)

Leading to

6x+9y-27=0

=3sin 3y " 3sin3y

A1 (3)

M1

Al

awrt 0,349 | A1

(3)

M1

M1

A1 (3)

[91




Qﬂtﬁgsp Scheme Marks
dA
—=1.5
Q6 " B1
) d4
A=mar~ = —=2ar B1
d}'
When 4=2
5 2
2=mgr = r=,|— (= 0.797 884 ... M1
T
d_dd dr
& dr dr
d.l"
1.5=2ar— M1
dr
dr 1.5
dr EJI'E

[5]




