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1. Jan 2025 [5]

5 (a) | 304(°C) B1
(1
o
MI
(b) Shape or Asymptote
H=2}t Al
----- = - Fully correct Shape and Asymptote
o
2)
(© | 144=280c  +24 —280c =120 M1
Correct use of Ins :>—0.05r=]n%:>! =16.95 dM1 Al
)
d ~0.05¢
(d) [— }—0.0SX 280¢ M1
dr
7 _ 005x(t1-24)= Y _12 0051 M1, Alcso
dt di
3)
(9 marks)

(a)
Bl: 304

(b)

M1: Correct shape or correct asymptote. For the shape the curve must be at least in the upper half plane
with negative gradient which levels out to 0, but which may be asymptotic to the x-axis. Be
tolerant with curves that begin to turn back on themselves for this mark if the intent is clear.

For the asymptote it must be an asymptote for their curve (not just a dashed line with no curve
approaching it), and may just be labelled 24 on the y-axis for this mark.

Al: Correct shape and asymptote. For the shape the curve must be in quadrant 1 only, starting on the H
axis with negative gradient which levels to 0 at the asymptote which must be above the x-axis. It
must not cross the asymptote or clearly turn back on itself, but condone touching the asymptote

and slight “pen flicks” at the end.

The asymptote must be an equation, /=24 but condone y = 24. Must be an equation, not just 24

labelled as the intercept of the asymptote.
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(©)
M1: Substitutes H = 144 into the equation and proceeds at least as far as A =B condoning slips.
dM1 Uses correct In work to find 1.

Method 1: Ae ™™ =B 5™ =k 5+0.05t=lnk >1=...
Method 2: Ae™ =B —>1n4-0.05t=InB—=t=..

May be implied by a correct f.t. value following reaching an equation A =B

Al Awrt 16.95. Condone awrt 16.95 minutes.

(d)
0.0%¢

MI: Differentiates to a form ke where k #1 or 280. May be called :—1 or unlabelled as long as it is
X

clearly an attempt at the derivative.

05

M ) 0.08
or a multiple of ¢

0. 51
M1: Rearranges the equation for /{ to find ¢ which is then substituted
0.05¢

into their k¢ (not dependent, so their k may be 280 for this mark). May be implied as long as
derivative has been attempted.

Al: cso ddi =1.2-0.05H or with fractions e.g. (:]i = g - :—:; , which must follow correct work and
t 1 2
notation. The ddﬁ must have been seen to score this mark.
t

Alt:

< H-24 dr =20
M1: Makes 7 the subject and differentiates: H = 280 +24 =1 =-20In = (— —J

280 dH JH-24

MI: Applies a 1 +£ with their attempt at A
dt di dH

Al: cso per main scheme.
Alt 2: for Second M (first M and A as per scheme, allowing for a and b to be stated as values).

dH : . - .
MI1: Sets — equal to a + bH, substitutes for / and compares coefficients to find values for ¢ and b.
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Some examples of scores for graphs:

H

5”\

M1A0 Asymptote correct and labelled,

shape incorrect

| 2L
H

| _— —_— —_—

— k=304

q v
MI1AOQ Shape acceptable, but asymptote
incorrect and does not start on H axis

”\

Q

MI1AO Shape acceptable, asymptote
incorrect (and curve extends to Q2)
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\
244

T ——h

MIAO Asymptote correct labelled but graph

extends into second quadrant, and no equation.

H
('

o

MI1AO Asymptote correct and labelled (and is

an asymptote to their graph), shape incorrect

H

N

o

[

MOAO Shape and asymptote both incorrect.

Gradient increases above zero.
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2. JAN 2025 [10]

10.(a) x=3cos2y=> (% :)—(n‘.in 2y
dy 1
dx 2 A
Eg —=-_ .f _ - =
(®) M T R Y
dy
dx A 2 2
6\(1 cos 2) 6J1_(£) 2J9 x
3
() Sets ﬁ:- l 1:-&
dr  ayo_y’
x:=5:)a:\/§

\[5- =3cos 2}-‘ =b= %mcos[g]

Alt(€) | gers I 1 1

dx 6sin2y 4

. 2 | [2]
=sin2y=—=> y=—arcsin| —
3 2

x=3cos2y= 3Jl —sin’ [arcsin%) =5

M1 Al
(2)
Ml
dM1 Al
3)
M1 Al
dM1 Al
MIAI
dM1 Al
4)
(9 marks)

(a)

s dx .
MI1: {E =]ksin21_. Alt: x=3(2cos J"l):’ d_)'= kcosysiny (oe with sine identity etc)
dy ’ :

dx _
Al: [ﬁzJ_ﬁsmz‘, Alt: (d—= ~12cos ysin y
4 ‘v
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(b)
MI: Either
e Uses sin’ 2y+ cos’ 2y =lwith x =3cos2y to find sin2y in terms of x (condone slips with the 3
when rearranging)

e Oruses £=1+£
dx

dy

dM1: Uses both of the above to find % in terms of x.

Al: & == ;‘ including the gseen at some stage associated with the answer, may have the —1/2
dv ooy dr

in the numerator seen and isw attempts to take the 2 into the numerator.

Alt for first bullet point: Longer ways may be possible, but look for correct formulae used, allowing
algebraic slips simplifying, and must reach an expression for sin 2y in terms of x. E.g.

sin2y = 2sin }’COS_V=2J%(1-§]J%[I+§J

Another alternative for finding sin 2y in terms of x is use of appropriate triangles, e.g.

")

A

9—x

To score the M they must proceed as far as identifying sin 2y in terms of x, here sin2y = . The

trig ratios and application of Pythagoras theorem must be correct.

Notes: The question says “hence™ and so answer via arcos formula are not being credited any marks.
You may allow recovery of marks for part (b) if the work is done in part (c) instead.
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(c)

MI1: Sets % = —%and proceeds to Jc2 = p, p>0. Condone slips in rearranging.

Al: a= \/g from a correct answer to (b) Acceptx =...

dM1: Substitutes the value of x in x = 3cos 2y and uses arccos to find y (allowing decimal values — you
may need to check).

5
Al: b= EMCCOS{TJ following a correct answer to (b). Accept y =... Accept alternative notation such

-1 5
as ECOS [TJ or even acos.

Alt method

M1: Sets ay = —%and proceeds to sin2y = p,| p|< 1. Condone slips in rearranging.

. 1. 12 _
Al: b= E?HCSME Accept y =... Accept alternative notation such as Esm [—] or even asin

dM1: Substitutes the value of y in x = 3cos 2y and uses Pythagorean identity to find exact value of x.

Al: a=\/§ Acceptx =...

3. OCT 2024 [2]

2(a) x=2y"+5y-6
dy |
—=4y+5o-—== M1, Al
) dx 4y+5
(2)
(b) Sets their 4_v+5:0:>"»:_% M1
Substitutes their y = —% into x=2y" +5y—61o find x dM1
(_E _é] Al
8 4
3)
Total §
7
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Mark as one complete question
Main method via differentiation in (a) and (b)

(a)
MI: Differentiates 2y° +5y—6 to a linear term in y AND attempts to take the reciprocal.
" B |
Condone for this mark attempts such as ﬁ =4y+5> di =—+—=
dy de 4y 5

We may see other methods including implicit differentiation from WMA 14

Look for x=2y" +5y-6=1= q'.-'g + t':oE followed by an attempt to make % the subject

Al: di = ; ISW after a correct answer.

Cdx 4y+5
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(b) Marks in part (b) can only be awarded after sight of dx = ay+b or d = k

dy k de av+b

So full marks can only be awarded after sight of ax =4y+5 or & = !
dy dcx 4y+5
ay+b dy k
or —=
k dx ay+b
dy

= 0 here
dx

. . d
MI1: Sets '‘ay+b'=0= y=_.. following sight of d—t =

Ignore/condone incorrect statements such as

dy 1
C4y+5
dM1: Substitutes their solution of their 4y +5=01nto x= 2)?3 +5y-6to find x.
This is dependent upon the previous M
Al: (—E—i} following £=4y+5 or »__1_
8 4 dy de 4y+5
The answer may be given separately, for example, as x=-9.125, y=-1.25
ISW after a correct answer.

This can be implied. E.g followed by y = —%
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Further guidance to highlighted sentence.

If (a) 1s incorrect or incomplete follow the following guidance.

Incorrect (a): If they incorrectly state % =4y+50candgoontouse 4y+5=0=y=_. and write

down a correct set of coordinates for P they will score NO MARKS in (b)

d _ . .
Incomplete (a): If they state d—r =4y+5in(a)andgoontouse 4y+5=0=y=_. in(b) they will score
}P

no marks in (a) but could potentially score full marks in (b)

You can award all 3 marks for (—E - EJ following either o =4y+5 or & = !
8 4 dy dc 4y+5

Alternative approach: Part (a) may well be blank or incorrect. Part(b) done via completion of square

It is possible to do part (b) by not doing any differentiating.
:r:=2y2 +5y—6:x=2(y+§} _g

MI: An allowable attempt to complete the square followed by a valid attempt at either x or y from their
attempt

Al: For a correct x or y

Al: Foracorrectxand y

10
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4. JUNE 2024 [9]

9(a) |(k =)4sin:(%)—1:2 .

Point N (base length of triangle) is solution of

ﬁ—%:—2ﬁ(x—2):‘>x:2+L (=23.)

o

w|H
W

Area=] [2+ T ]x = +”—

2776 36

(c) At x =2, gradient of curve = % = gradient of normal is -23

&

(b) (1) x= 4sin’ y=1= :—; =8sinycosy 0.
2 i.. il 2 l
(1) Attempts either sin” y = or cos y=+I i% (both for dM1)
dy _ 1 B 1 N 1
dx 8sinycosy - -
sinycosy o x:li:tlixll 2x+14/3-x

BI1*

(1
MI Al
M1 dM1
ddM1 A1*

(6)
MI
dM1
Al

3)

(10 marks)

(a)

B1*: Verifies that & =2 with no errors seen. (Condone x =2) Do not allow this mark if rounded numbers

are seen in their solution fore.g. % They may work in degrees and substitute in 60° which is

3

acceptable. Look for as a minimum e.g. (k =) 4sin’ %-l =2 Do not allow k =4sin (E] -1=2

If they rearrange the equation to e.g. y =sin"' (JITH] and substitute in x =2 proceeding to e.g. %

then they must conclude that £ =2 (or a preamble followed by a minimal conclusion e.g. QED, tick)

11
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(b) (1)

MI1: Differentiates to a form psin ycos y or equivalent. Indices do not need to be processed for this mark.

e.g...sin”" ycosy

May use the identity cos2y =+1+2sin’ y = x=4sin’ y—1 :1—20052y:>d—:qsm2y
y

. d . . .
Al:  Correct lhs and rhs. For % = 8sin ycosy or 4sin2y. Note that Ey =... 18 AO. isw for this mark

. dx Lo L
after a correct answer is seen. You may see @ (or allow x") on an earlier line which is fine for
this mark. May be seen at the start of (b)(ii). Indices must be processed for this mark.

approvep) -PEN this is MIAIAMIAT* we are marking this as M1dM1ddM1AT*
Note this is a given answer so full working must be seen.

MI:  Attempts to find either sin y (or sin® y ) or cosy (or cos’ ¥ ) in terms of x (or possibly multiples of

2 txt . i .2
these) Typically look for sin” y = x4 ! or smy:,"'xTI Also allow e.g. 4sin” y=*x+1

.2 9 2 .2 2 Iil
May attempt to use +sin” y+cos” y=%l=cos” y==%l%sin” y = cos” y:iIiT or

&+ r
cosy= 1fil + IT_I Ignore i\/- for this mark. (may be seen within their expression for % or ;ﬂ)
y

dM1: Attempts to find both siny (or sin’ y ) and cosy (or cos’ ¥ ) or possibly multiples of these in terms of
x. (See previous method mark for guidance) It is dependent on the previous method mark.
ddM1: Full method to get E0[' the form ; oe.interms of xe.g. d = !
dx psin ycos y dx ,,8,,J:txilJi]+ixil
4 4
Condone square root notation which does not fully go over any fraction provided it is implied by further work
which is not the given answer. Condone missing arguments for sin and cos provided the intention is clear or
implied. Condone missing brackets to be recovered before achieving the given answer. If they have
rearranged or simplified incorrectly forcos y before substituting, ddM1 can still be scored.
Al*:  Achieves the given answer provided all previous method marks have been scored in (b) and no
errors. Look for

e acorrect expression for cos” y or cosy inx which has not already been simplified to .. 3 —x

e acorrect expression for sin® y or sin y in x which has not already been simplified to oax+1
& (or »') may appear on an earlier line which is acceptable. Note that if they work backwards by

. . . 9 . . . d}' 1 .
substituting x =4sin” y into the given answer there must be a conclusion that —=— = ————— isw
¢ ! ¢ dr 2Jx+lPB-x

12
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(c)

MI1:  Full method for the gradient of the normal using the x or y value. Condone arithmetical slips but the

gradient must be the negative reciprocal of the gradient of the tangent to the curve.

_ . ’ d
Note that they may use an earlier incorrect line in part (b) for % (or even d—r ).
ig

Allow use of an earlier line provided it is an attempt at a correct method substituting in x or y and

proceeding from e.g. (;E = a = gradient of the normal = —&
Y

May be implied by awrt —3.5 If no method is shown where the gradient of the tangent or normal has

come from, then it must be correct.

dM1: Attempts to find the x coordinate of N. It is dependent on the previous method mark. Uses their

gradient of the normal with [2_ %J .sets y=01in y—y, =m(x—x,) and proceeds to find x. May also

use y=mx+c to find the equation for the straight line and then sets y =0 and rearranges to find x.

Do not be concerned by the mechanics of the rearrangement for this mark.

]

: T .
2+ 2 orexact equivalent such as Z+ —E which is in the form ax +bx”
3363

AL 3 77108

5.JAN 2023 [7]

S(a) ) , cos’x sin’x cos'x—sin®x
Way cot"x—tan" x=————-———=—— 7 Ml
One Sin- x COS X SIn XCOos X
( 2 -2 2 -2
cos” x —sin x)(cos X +sin x) cos 2x
B sin® xcos’ x L 1 . . dM1
—sin2x
2
_ cos2x
=7 N2
Al
(lsin2x)
2
=4 cos2Ix =4 cot 2xcosec2x * Al*
sin 2xsin 2x
4)
(b) 4 _ 2 2 2 2 2 2
cot2@cosec2f =2tan” @ = cot” @ —tan- @ =2tan" @ = cot- & —3tan- @ =0 Ml
cot’@—3tan’ 0 =0—= ]2 —3tan2f9:0:'t:;m"6':l Al
tan” & 3
tan‘*&:"%":)tant?:if“%"="i0.7598..":>9=,.. Ml
6 = awrt 0.65, —0.65 AlAl
)
Total 9

13
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(a) Way One LHS to RHS
M1: Changes the LHS to sin x and cos x and attempts to make a single fraction using a correct common
denominator. Condone errors/slips on the numerator
dM1: Attempts/ applies

e Either cos'x—sin'x= (cos2 x —sin’ x)(COSZ x +sin’ x) = cos

2 2

X — sin“x = cos2x on the numerator

e Or sin2x = 2sinx cosx to the denominator condoning bracketing slip
Al: Applies both of the above correctly to achieve a correct expression in terms of cos2x and sin2x
A1%#: Reaches the right hand side with sufficient working shown. Expect to see sin® 2x split into sin 2xsin 2x
Penalise consistent (not once or twice) use of poor notation on this mark only.

2 2 .2 . 2 . .
Examples cos” x ¢>cosx”, sin” ¢»sin” x, constantly switching between x <> &

(b) Allow use of x <> @
M1: Uses part (a) and attempt to collects terms. (See Appendix III for ways not using part (a))
See below for equations in sin@ or cos@ where this mark is awarded for an equation in just sin& or cos®@

Al: Reaches a correct equation in a single term, usually tan &. Look for tan* g = ;_ o.e.such as 3tan* @ =1
Other correct intermediate forms are 2sin®* @+ 2sin’ @ —1=0and 2cos* @ —6cos’@+3=0

1 .
M1: Takes the 4" root of their 3 (0.€) and uses tan”' (you may need to check) to obtain at least one value for

V3- V3-1

. 1 .
For the other intermediate forms look for working such as sin” & = — —sinf = — =6=..

Al: Either awrt 0.65 or awrt —0.65. Allow either answer in degrees, so awrt +37.2°
A1l: Both answers in radians, awrt £0.65, and no extras in range

There are many different ways to do part (a). Generally, this is how they will be marked.
Most cases can be aligned to one of the three cases.

RHS to LHS
() Way 2 2 1 4(cos® x —sin’ x
4cot2xcosec2x54c?s X - - ( ) or ——— Ml
sin2x sin2x 4sin” xcos” x
cos” x—sin’ x 1 1 .
= - = cosec’ x—sec’ x dM1A1

22 2 - o2
SIn” XCos Xx SN x CoS X
=1+cot’ x—1—tan’ x = cot’ x —tan’ x * Al*

M1: Changes to sin 2x and cos 2x or tan2x and sin2x and attempts single angles in sinx and cosx
dM1: Changes to single angles throughout and splits into 2 separate fractions (which don't need to be
simplified)

Al: Correct expression in terms of the single angles cosec x and sec x

Al%: Reaches the left hand side with sufficient working shown

14
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Working on both sides: One possible way

(a) Way 3 cot’ x —tan’ x = 4 cot 2x cosec2x

2 .2
cos” X sin”x cos2x 1
=4x X

2 ra2 a2 2 .2
(COS X—=S8In x) Ccos S X) E(COS X —8s1n X) Hence true

1

sinx  cos’x sin2x sin2x Ml
. . cos2x |
cos’ x—sin® x =4sin’ xcos” x — X —
sin2x sin2x
2 -2
. » . (cos x—sin x)
cos” x—sin” x =4xsin” xcos” x ————* dMIAL
(25111xcosx)'
(cos"x—sin“x)E(coszx—sinzx)
Al*

M1: Changes to sin x, cos x, sin 2x and cos2 x and attempts to cross multiply
dM1: Applies
e either cos’x - sin
e or sin2x = 2sinx cosx to the denominator

Al: Correct identity in terms of cos X and sin X
A1%: Reaches a point where both sides are equal and makes a minimal comment

Example of how you mark a "different" approach.

2y = ¢os2x to the numerator

6. JAN 2023 [9]

15
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9(3) 2 2 ! d 1 2 A 2
y=v3+4e" :(3+4c" )2:>—y:—(3+4c” ] 2 x 8xe" Ml
dx 2
1
= dxe* (3+ 4e” ) 2 Al
2)
(b) 2\s
3+4e" )? X o1
—( ) =4xe” (3 + 40"") ? Ml
X
(3+4e )=4xc"z dM1
X
4x°¢” —4e¥ —3=0* Al
3)
(c) f(x)=4xe¢" —4e” —3=f(1)=-3 AND f(2)=652-... Ml
Change of sign and f (x) is continuous hence root in (1, 2) Al
(2)
(d) s 4e” 4+3e™ 1 :
axte” —de” _3—0m o2 3 _Awder izt s |Biv
4e* 4 2
i U]
(©)) x=l=x =%\1‘4+3e" Mi
%, =1.0997 Al
(ii) a=1.1051 Al
3)
Total 11
()
1 R
M1: Differentiates using the chain rule to obtain kxe" (3 +4C'r) > OR ke* (3 +4e" ) ?
T . xe® ke*
If they are using implicit differentiation accept or
y y
e dy 4xe" D
Al: Correct derivative in simplest form. Also award for — = o.e. simplified answer

Vv

(b)

(3 +4e” ];

. d . . . dy 2
M1: Sets their ay = or equivalent such as use of y=mx with m = their % and y = (3 +4e” ) .

Allow with another variable x — o
dM1: Multiplies up to eliminate the square root. Allow a consistent use of another variable x — o

. . d . .
Dependent upon the previous M1 and a suitable Ey , that is one of the form that scored an M1 in part (a)

16
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A1*: Correct proof

An alternative method may be seen using the equation of the line with gradient % and point (a,\B +4e” )

M1: For y—+3+4e” :"%

dM1: Proceeds as the main method with the same condition on the gradient
A1*: Correct proof. Condone with variable «

"(x—ea) and sets (x,y)=(0,0)

X=a

(©)

M1: Attempts both f(1) and f(2) (or tighter) and obtains at least one value correct to 1sf rounded or truncated.

Condone f(2) =12¢*~3  If f or y is not stated assume that f (x) = 4x’c” —4e* -3
Al: Requires
* both values either correct or rounded/ truncated with accuracy to at least 1 sf
e areference to a sign change e.g. f(1)=—3<0, f(2)=652>0 orf(l) X f{2) <0

e amention of continuity
e aminimal conclusion, e.g. hence root

(d)
B1*: Correct proof.
Look for the following evidence

o the line 4x’¢" —4e” —3=0 but may be implied by 4x%e" =4e* +3 oe.
A:2=4€7J_,r3 x* 33 4x2=4€7:+3 45" =4+
o the line 4’ oe 4e’ or e oe ¢

e correct square root work leading to the given answer

(e)
M1: Attempts to use the iteration formula.
This may be implied by awrt 1.13 for x, or awrt 1.10 for x, or sight of a correctly embedded value.

It cannot be awarded for just the value of &
Al: awrt 1.0997
Al: 1.1051 cao following the award M1

17
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7. JUNE 2023 [10]

10 (a)

(b)

2746 [de V(3 —3)—3(2):’ +6)
x== =|—= -
3y-3 {d.\' J (3y-3)
dr 6y°-12y-18 2y’ -4y-6
oyt 31y

0.¢

d .
P and Q are where d—: =0 orwhere 2y —4y—-6=0

Solves 2y" =4y -6=0=2(y-3)(y+1)=0=y=3,-1
2y +6

Subs y=—1 and 3 in x== =x=.
3y-3

Achieves x= —; and x=4

M1 Al

dM1, Al

4)
Bl

M1
dMl1

Alcso

)
8 marks

18
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Notes
(a)
Ml  Attempts the quotient rule. Condone slips on the coefficients - look for A3y "{33) ~ 2}(2 y +6)
y-3)
AB>0. Allow a product rule attempt:

x=(2)" +6)(3y~3)" :(% =J Ay(3y-3)" +(2)‘1+6)x-3(3_‘l»~3)-2

Al Correct differentiation which may be unsimplified. Allow if the ;ﬁ 1s missing or called :—; for
JT
this mark. By product rule 4)-‘(3)’ - 3]_! + (2}'3 + 6) x —3(3}' - 3]_: Condone missing brackets if
recovered.
dM1 Requires an attempt to get a single fraction with some attempt to simplify.
For the quotient rule look for a simplification of the numerator with like terms collected giving a

3TQ.
Attempts via the product rule will require a correct method to put as a single fraction.

2y ~4y-6 2(y-3)(v+1
Al (£=}J~—J or exact simplified equivalent such as w
dv )3y"-6y+3 3(y-1)

simplified answer. Common factor 3 must have been cancelled. Must be seen in part (a). A0 if
called % but allow A1 if LHS is not stated.

1sw after a correct

Attempts at % can score the first 3 marks if correct. Allow use of x in place of y for the Ms.

(b)
Bl Indicates P and Q are where % =0 or where their 2_1’: —4y—6=0 (which may be the

denominator of % if they found this instead).

M1 Solves their 3TQ from an attempt at % =0 (or denominator of their % =()), usual rules.

19

www.doteducation.org

+971525465652




ZDOT

EDUCATION
(KHDA APPROVED)

dM1  Substitutes both their solutions to 2y° —4y—6=0into x = 2;’ *6
y-

1s clear. At least one should be correct if no method 1s shown.

. Condone slips if the attempt

. 4 . . . .
Alcso Achieves x= -3 and x =4 only. Must be equations not just values but isw after correct equations

seen as long as no contrary work is shown (such as giving horizontal lines). Accept equivalents. Must
have come from a correct derivative - though allow from an isw form if a numerical factor was lost in the

numerator. Must be exact.
Answers from no working score 0/4 as the question instructs use of part (a), so must see the attempt at

. dx
setting E =0

Alt (a) =?;j;:>3x}’—3x=2y:+ﬁ:>3x+3}’%—3;£y=4:" M1 Al
dx _4y-3x
&~ 3(y-1) dM1, Al
4)
(b) First dv _ “3x=
> marks, | States that P and O are where d}_—O or where 4y-3x=0 Bl
:iy=2J‘-+6::’4_}’1—4y=2y2+6=>asmainscheme Ml
3 3y-3
x_2y3+ﬁ_Q+g+ § _dv_ 2 8
d 2 —1) -8 2 =4y-6
& ( )2 =2 - M1, Al
Yoo 3(y-1) 3(y-1)
)
Notes
(a)

M1  Attempts long division or other method to achieve Ay + B+ -3 % and differentiates.

Al  Correct differentiation.

dMI  Attempts to get a single fraction and simplifies numerator to 3TQ or uses difference of squares to
factorise.

Al  Correct answer.
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8. OCT 2023 [5]

5 2 2
® gz(rﬁ-k}xx:sz-ltln(r+k) .
dx (x* +k)
dy  2x-2xIn(x*+k) 2x(1-In(x’ +k
2= an(r1+ ) . X ’n(x + ) MIAI
dx (x"+k) (x"+k)
3)
(b) x=0 Bl
"1"-In(x*+k)=0=x"=¢ " +k Ml
x=4Je—k Alft
3)
(c) Upper limitis e or k<e Blft
(n
(7 marks)
Notes
(a)
MI1:  Attempts to apply the quotient rule. Score for an expression of the form
X +k =~ Oxln(x’ +k
ﬁz(t )x.r:+k Oln(x”+k) oe (may be simplified) where ... i1s Por Pxand P,O0 >0
dx (x* +k)
May also attempt the product rule, in which case look for
~Px(x* +k) In(x* +k)+(x* +k) x s Where ...isQor Qrand PO >0
x
MI1: Cancels x* +% and correctly takes a factor of (2)x from the numerator to achieve “B — In(x*+k)”
(may be done in one step). They must have a factor x in both terms. Note this may be scored
following MO e.g. if a numerator v’ — v " is used, or if the denominator misses the square.
dy \ 2x(1-In(x* +k
Al: i X ’n(x + ) from fully correct work. Both M’s must have been scored.
dx (x~ +k)
(b)
Bl:  x=0
MI1:  Sets "1"-In(x’ +k)=0 and proceeds to x* =... with correct undoing of In.
Alft:  x=4+fe—k orfollow through y=++fe® —k foranumerical B in their B-In(x" +k) factor
()
Blft: Upperlimitis e ork < e stated. Follow on their (b) of form y—(+)c® +4x BOifk=cor

k < e is given as the answer without statement about upper limit being e.

21

www.doteducation.org

+971525465652




ZDOT

EDUCATION
(KHDA APPROVED)

9. OCT 2023 [10]

ln(a) Z=sin.‘ 4-‘__::‘,=;_4 MIA]
2)
(2)
(©) - Y :
dy sindycos3y %d_r 8sindycos4y Mi
__ 1 M1
dx 8,/1:(1—-\')
d_1 B 1
dx :
Jlﬁ—M(x—l) M
2
3)
@ x=1
x=2 Blft
(ii) dy_1
dx 4 o
(2)
(9 marks)
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Notes

(a)

1
MI1:  Attempts to substitute in x= 2 and rearranges to find an exact value for y. Look for
y=M arcsm(ii} —> ki or k(30°) allowing errors in dividing by the 4, or equivalents criteria
via a double angle identity, correct up to sign error.
Al: ;—4 Ignore extra solutions outside the domain.
(b)
. . o dx . .
MI1:  Attempts to differentiate achieving a form o Asindycosdy or Asin8y oe Accept
: o - : y dx
alternative forms e.g. via implicit differentiation 1= Asin4ycos 4}13. The a may be
y

d »
missing, or labelled a‘l for this mark.

dx . d . d:
Al: —=8sindycosdy oeeg —r =4sin8y Coefficients must be simplified. Must include the =

dy dy dy
(¢)
MI1: Uses E} =1+ a (allow for the reciprocal of their answer to (b) if left hand side is omitted).
Variables must be consistent.
. . dy dr |
MIl1: Attempts to use 5"14)- - i-J; and cosdy= i-.jl —x to write a or d_ in terms of x only
] y
with no trig terms.
E B 1
Al & JI 6= M(r 1 JJ and isw after correct answer. Allow with terms under the square root
reversed.

(d) Note to score marks in (d) they must have a derivative which does have a minimum and is of a
completed square form (the » may be inside the bracket) or in some other way clearly uses their (c)
(e.g. minimising their quadratic).

1
(i) Blfi: (x :)E ft their —s provided their g>0, their r <0 and their x is in the range 0 < x <1
- dv 11 : e . .
(ii) B1fi: ol by ft their g provided it is positive and their r was negative.
23
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(b) - 1 ) dv 1 1 1 =
Alt X =sin 4)-::>y=—an::sm-\{;:>+=——!x—x- MI
4 de 4 - (J;) 2
E =8 j‘m Al
dy
(2)
(© 3285i04}’cos41'—>£:+
dy ’ dx S8sindycosdy Ml
dy 1 M
dx 8, f.'c(l -x) :
dy _ 1
dx 2
16—-64 [ X-— lJ Al
2
3)
Notes
Alt by finding y first. Mark (b) and (c) together via such approaches. But note that part (c) says
“Hence™ and the reciprocal law must have been used at some stage to score full marks.
(b)
MI1: Makes y the subject and differentiates to reach form Y .4;_&.. where ... isa
VI-(%)
function of x
d:
Al:  For d—t =8J/x\1-x oe with square roots combined. Coefficients must have been gathered.
r“
(©)
MI1: For use of the reciprocal rule of derivatives evidenced in the working — allow for it being used in
dx dy
b)to find — from —.
(b) % i
MI: Award for the correct procedure of having made y the subject and differentiating to reach the
correct form for the answer, 1e d_J = .4;_): Bx*
© o -(R)
Al:  As main scheme.
10. JAN 2022 [1]
1 y=(2x+5)e"
j§=2€’+ux+ﬂ3€' MI Al
dy 17
dy _ _ ==l dM1A1
ix 0=>2+3(2x+5)=0=>x 3
)
(4 marks)
24
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2 3x ix
M1: Attempts the product rule and achieves a form (dd:_] =Ae +B(2x+5)e where Aand Bare

positive constants. Condone missing/poor bracketing
3x I dy 3x 3x 3x
Note that this could be attempted from y = 2xe +5¢ = E} =Ae +Bxe +Ce

H 3x Ix
Al: Correct % =2¢ +(2x+5)3e o.e. There is no requirement to simplify this

dM1: Dependent upon the previous M, it is for using a correct strategy to find a value for x.

o dy . 3x , .
E.g. Sets or implies a} =0, cancels or factorises out the € term and solves a linear equation in

In most cases where Ins are used it will be M0
Example of M0

¢ (6x+17)= 0=In(e” (6x+17)) =In( 0) = 3x(6x+17)=...

Example of M1
¢’ (6x+17)= 0=>(6x+17)=0, (" =0)

X=...

17 L . 3 .
Al: x=- e o.e. only. If an extra solution is given, e.g. from ¢ =0 ,itis A0

Condone awrt —2.83 following a correct equation. Ignore any attempt to find y

11. JAN 2022 [10]
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dx 2y 2)
10 (a) x=ye = =e +2ye

@ M1, Al
dx
::-@——+2x
d_y_ |
v ¥y oy
& xi29  x1+2y) Al*
)
1
(b) Deduces y = ) B1
Substitutes ’——l::zx——L Range for k& —L<k<0 M1, Al
A T g 2e :
3)
(7 marks)

(a)
M1: For attempting to differentiate with respect to y.

Uses the product rule on yel'r — ez}- + ...yel"'. The left hand side may be missing/incorrect

Al: Correct differentiation E.g. % —e’ +2 yez'r

dM1: Full method to get % in terms of just x and y .

This requires, in any order

e acorrect attempt to invert, e.g. not inverting each term in a sum of terms

e ¢ being fully replaced. You should see ezjlbeing replaced by % or equivalent and yez'v

being replaced by x

A1*: Correct proof. All relevant steps should be shown and there should be no errors.
If you feel that it hasn't been fully shown then please award M1 A1 dM1 A0
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(b) Now being marked BI M1 Al. On epenitissetup M1 Al Al

B1: For deducing left hand end occurs when y = 5

_ 1 _ _—
MI: For attempting to find x when y = ) — x =... This may be implied by & = awrt —0.183 or —0.184

1 : I - -
Al: —%<k<0 or exact equivalent such as e.g. 3¢ I<k<0= k >—%e “and k<0,

{k:k:‘-%}m{k:k«:{)}

This must be correct so the candidate cannot have two separate inequalities with an "or" between
This must be the range for & not x

Alt via In's
2y
x=ye =Ihx=lny+2y oe
: : L 1 d
MI: Attempts to differentiate wrt x . Consider justrhs In y+2y — g, 2
y dx dx
. : : . i de 1
Alternatively attempts to differentiate wrt y . Consider both sides @ = ;+ 2

1 1 1 1
Al: Correct differentiation o ;% +2 % or ;% = ; +2
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Alt via differentiating wrt x

X = yez"r = l1=¢ % +yx 2¢” %
_xdy , dy
1= 3 dx +2x o
(=[xt 2xy \dy
= 5 i
L
dx  x(1+2y)
M1: For attempting to differentiate wrt x.
2y 2y dy dy 2 .
Uses the product ruleon ye " = e a+...yae . The left hand side may be
missing/incorrect
_ % dy e’ —2xe” x % _ ‘ _
Uses the quotient rule on y = ——=> P e condoning slips on the coefficient
e e
Al: Correct differentiation including the lhs
dy .
dM1: Full method to get o in terms of x and y.
28
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12. JUNE 2022 [1]

1(a)
MIAl
[d—y :J 6x3(3x—2)" (=18(3x-2)")
dx
2)
(b)
"18"(3x—2)% =18 M
-18—> L
18 M1
_lnirr[x_l)
TR -
Al
3x—54y+53=0
4)
(6 marks)
(a)

M1 Applies the chain rule to achieve a form of A(3x—2)" which may be unsimplified.
The index does not need to be processed for this mark.

Alternatively, multiplies out the brackets to achieve an expression of the form

Ax® + Bx’ + Cx* + Dx" + Ex” + Fx + G (where all coefficients do not need to be simplified) and
reduces the power by | on at least one of the terms. You will need to check this carefully to make sure it is
the relevant term where the power has decreased

eg Bx’ - ..xBx'
Condone slips in their expansion.

(The actual expansion is 64 —576x + 21 60x* —4320x" +4860x" —2916x" +729x°)

X

they have multiplied out then accept —576 +4320x —12960x” +19440x" —14580x" +4374x" .
Accept x' for x

dv
Al (d.l :] 18(3x~2)" or unsimplified equivalent eg 6x 3(3x —2)" but the index must be processed. If

29
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(b)
. 1. ody 5 .
M1 Substitutes x = 5 into their a which must be of the form A(3x—2)’ (or accept a polynomial

d
of degree 5) and finds a value for 5)}

M1 Finds the negative reciprocal of their gradient. May be implied by the equation of their line. It
d
cannot be scored for setting Ey =0, solving to find x and then taking the negative reciprocal of this.

1 1
dM1  Attempts to find the equation of the normal. Look for y—1= "E"(x - EJ (must be a changed

gradient from their tangent gradient). It is dependent on the first method mark. If they use

y =mx +c they must proceed as faras ¢ =... (= "g—i“J

Al 3x—54y+53 =0 or any integer multiple of this with all terms on one side of the equation eg
—6x+108y—-106=0 You must see the=0

isw after a correct answer is seen. Eg if they proceed to state values for @, b and ¢ which contradict
their equation then take their equation as their final answer.
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13.0CT 2022 [6]

d . .
6 a(cosx+smx):—smx+cosx Bl
dy (cosx+sinx)(3cosx)—(—sinx+cosx)(2+3sinx) M1
dx (cosx+sin x)2 Al
~ 3cos’ X+ 3siprcos x + 2sin x +3sin® x — 2cos x — 3SiRxCOS X
- 2 . - 2
cos x+2.smxcosx+sm X M1
_3+2sinx—2cosx
1+2sinxcosx
_3+2sinx—2005xxsecx_3secx+25€cxsinx—2 M1
1+2sinxcosx  secx secx+2sinx
2t -2
_ anx+3sef:x Al
secx+2sinx
(6)
(6 marks)
Notes:

B1: Correct differentiation of cosx+sinx — —sinx+cos x seen somewhere in the proof. This can be scored
if seen in workings for quotient rule, or even in the denominator of an incorrect attempt at u’/v’.

M1: Differentiates using the quotient rule or product rule. For quotient rule look for
(cosx+sinx)(+acosx)—(+sinx+cosx)(2+3sinx)

(costrsinJc)2

For product rule look for (cosx+sin x)fl (+acosx)+(cosx+sin X)J (fcosxtsinx)(2+3sinx)

Al: Fully correct derivative.

M1: Expands numerator or denominator and applies sin® x +cos” x =1 or other appropriate correct
Pythagorean identity at least once in the proof.

M1: Attempts to multiply through by sec x in numerator and denominator (to achieve the 2sin x term). Not
dependent and may be scored before the previous M.

Al: Correct answer. Terms may be in different order. Allow minor slips in notation (e.g. a single missing x)
and recovery from missing brackets if the intent is clear, but A0 for persistent incorrect notation throughout
(e.g no x’s in the trig terms).
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14.JAN 2021[10]

10(a) dx
— =12sec’ 2ytan2y M1, Al
dy
(2)
®) dx X dx x) [x
———12[—)Jga92y—1:>———12(—J Z-1] MI, Alft
dy 3 dy 3)\3
dr_ N3 Al
dx 4xi/x-3
3)
© y="=yx=4 BI
12
g:12><i><L or d—y=;
dy 373 dx 12[1) 4, M1
3 V3
C t m 16 Al
orTec = ——— 0.
N \/g
T 16
T (x—-4
Y 13 ﬁ(x ) dM1
:_16J§x+64ﬁ+£ Al
3 3 12
(&)
Total 10

(a)
M1: Differentiates to a form on the rhs of asec’ 2y tan2y which may be written ...sec2yx...sec2y tan 2y

Note that the same scheme can also be applied to students who adapt x =3sec’ 2y to x==+3tan’ 2y +3

Al: ;E =12sec’ 2ytan 2y . If the lhs is included it must be correct. So % =12sec’ 2ytan 2y is M1 A0
3

Condone this to be unsimplified ;ﬁ =6sec2yx2sec2ytan2y ISW after sight of correct answer
Ly
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(b)
MI1: For an attempt to
* replace sec’2y with crx
e use the identity +1+tan’ 2y =+sec’ 2y and replaces tan2y =by/+1+d x
to obtain an expression for Eor Y in terms of x only.
dy dx

The expression in part (a) must have had ;E as a function of both sec2yand tan2y o.e.
34

Alft: Requires a substitution of both sec’2y with %and tan2y = %—] to obtain a correct expression for dgor
34

% in terms of x. Follow through on their dx —asec’ 2ytan2y

PO Y EW)

For a correct E 1t 1s awarded for d_y = !

dy dx 4x,||%x—1

Al: Correct answer in the required form.

33 p

Allow equivalents e.g. —————. Form required is ————— where p is irrational and ¢ is an integer
12x~/x =3 gx~Jx—3

Alt method for (a) and (b) which can be marked in a similar way
2 dx 3 .
(a) MIAl: x=3(cos2y) = o 12(cos2y) "sin2y
LV

(b) 1f x=3(cos2y)” = cos2y =£

7

Score in a similar way to the main scheme

x=3

M1 Al g= 12sin2y =12 X

dv  (cos2y) [\F}‘

Alt (b) via arccos
L3y 1 N
y—ian.tos\/;:a—aﬁxTx
|-
N

MI: For %= h——=—=x-x " Al: Correct and unsimplied  Al: Correct and in the required form

33

www.doteducation.org

+971525465652




ZDOT

EDUCATION
(KHDA APPROVED)

ic)

B1: Comect value for x

M1: Attempts to find the value of ? using their part (a) with y =
r!:'

ol

the value of dy from an inverted dr using their part (a) with y = x
dx dv 2

or the value of f using their part (b) with their value of x found using y = iz.
X

These may be called m or ' and not identified as 45 or dy

dy  dx
Al: Correct normal gradient
dM1: Attempt at the equation of normal at y = % .
. . de " . de
The gradient should be either an attempt at the value of e at ¥=ys for their ,
}I _.I'I

or an attempt at the negative reciprocal of their %at their "4" which must have been found from y = it
¥

Al: Fully correct equation in the required form. [SW after a correct answer

Al alent exact , 16 64 =7 , mstaﬁm
OW cquivalent exact Torms ¢.g. =—T —_— T, == ———
37 312 3 12
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15.JUNE 2021 [7]/ 16.JUNE 2021 (7]

7 . dx :
x=651n'2y:>d—=24sm2y0052y M1 Al
Ly
Attempt d 1= dr M1
mpts t _— T
empts to use ir dy
Attempts to use both sin 2y=\g and COS?J’Z\fl-Si“22}’ =4 1‘% M
dx 24sm2yc:052} dx \f \/ 4\/6‘( X! Al
(S
Way 2 ., dx .
x=6sin"2y=3—- =12sindy MIAI
dy
A dy 1= d M1
it ts t - =l
empts to use ir d
. 6x—x’
Attempts to use sindy = Ml
dy 1 1 I
dx |25'“41 Vox—x'  aox—+ Al
2x
3
Way 3 . s ) dx , ; . 3
x=06sin" 2y =24sin” ycos” y:>d—=4851nyc05' y—48sin” ycosy MI1Al
}}
A dy =1= dx M1
tt st - T
empts to use - d
dy _ 1 B 1
dx  48sin ycos’ y—48sin’ ycos y 485in}-!cosy(cos2 y—sinzy]
& | . | Ml
dx 24sin2y 4
sin2ycos2y 24x\/gx\/l—£
6 6
1
= : Al
4Jb6x—x"
(5 marks)
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In general, apply the following marking guidance for this question:

. : . dx .
M1: Attempts to differentiate to obtain v in a correct form
’)’!
Al: Correct derivative

MI: Attempts t dy l'dx
N emptstouse —— =1+ .
P & dy

M1: Change fully to a function of x.
Al: All correct

36

www.doteducation.org

+971525465652




ZDOT

EDUCATION
(KHDA APPROVED)

Eg.

M1: Attempts to use the chain rule on the rhs to achieve ksin 2y cos 2y

Al: Fully correct derivative ;E =24sin2ycos2y
JJ

M1: Attempt b 1= dr
- At t —=1+—.
empts to use &
dx ) dy 24
Condone a slip on the coefficient. E.g. —=24smn2ycos2y = = —_—
dy dx sin2ycosy

dx : dy 1
Do not condone slips/errors on the variable. E.g. — =24sin2ycos2y = — = —————
P &4 YO = 4~ 24sin2xcos2x
MI: Attempts to change both sin 2y and cos 2y to functions in x.
Expect to see sin2y = py/; and cos2y =/1-gx

d 1

Al: CSO —=—p——=
dx  44/6x—x°
Way 2
M1: Differentiates to obtain Asindy

A1l: Fully correct derivative ?: 12sindy

y
M1: Attempts t by
: Attempts touse ——=1+—
# v dy
dx . dy 12
Condone a slip on the coefficient. E.g. —=125m4y:>—“}= .
dy sindy

MI1: Attempts to change both sin4y to a function in x.
Expect to see sin4y = p\/6x—x’ or equivalent e.g. sin4y :p,f9—[9—6x+ xg]

dy 1
Al C80 ==—F——
dx  4y6x-x
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Way 3

M 1: Differentiates to obtain Asin ycos” y+ Bsin® ycos y

. dy . :
Al: Fully correct derivative — = 48sin ycos’ y—48sin’ ycos y

dy
M1: Attempts t Ul—y—l*g
- Attempts to use dx .dy'

M1: Attempts to change both sin 2y and cos 2y to functions in x.
Expect to see sin2y= p«f} and cos2y = 4/1-gx

|
44/6x - x°

Al: CSO d_y_
' dx

A possible alternative:

. 5 . X L Ix 1. |x
x=6sm 2y =smy= —:>2»':5m]\;::> ’:—sml\/:
4 4 \E ’ 6 772" Ve

M1: For a correct attempt to make y or 2y the subject
Al: Correct rearrangement
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17.0CT 2021 [6]

6 (i) dy ) 6x 8y Ml Al
dx Jx*-5
Stationary point when Y =0 == ? only dM1 Al
“)
ii)(a
W) [dy =J424sin XCosx Ml
dx
Y_ 4—12sin2x dM1 Al
(b) dx
Maximum gradient = 16 Al
“4)
(8 marks)
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(i)
A A
M1 For differentiating 31n (x2 - 5) > o
x5 x* -5

dx 2 2

Al d_y= ?x —8x seen or implied by eg bx =8x
x°=5 x =5

Ax

2
X -

dM1 For proceeding from [d_y =] — Bx =0 to a quadratic or cubic equation. Eg

dx

6x—8x" +40x =0 oe
Do not be too concerned with the mechanics of their rearrangement.

Al For (x =) only provided dM1 has been scored. Solving the quadratic or cubic

with a calculator is acceptable. Condone recovery of slips provided the method is
correct.

23 ‘ : .. ]
x=0 and x = ———=— must be rejected if found or condone some minimal conclusion

2
eg stating p =23

Mark (ii) (a) + (b) together
(ii) Way One

M1 For differentiating using the chain rule with sin x — .__sin xcosx

dx

the slip writing 4 + Bsin x provided their coefficient of sinxcosx has been halved or
writing 2sin cos x

. . d .
dM1 . and then using Sin 2x = 2SIn X cOS X to proceed to (_y =J A+ Bsin2x . Condone

Al [%z]él—IZsianor 4+(—12)Sin2x0r 4—-12xsin2x (or states 4 and B

following a correct method) Condone recovery of slips provided the method is correct.
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Al Maximum gradient = 16 (the previous Al must have been scored)

(i) Way Two
M1 Attempts to use cos2x =+1+2sin’ x in an attempt to write y=4x-12sin’ x in
terms of COS2x

dMI1 . .and then differentiates cos2x — ksin2x to proceed to (% =] A+ Bsin2x

Al (%:}4—12sin2xor 4+(—12)sin2xor 4—-12xsin2x (or states 4 and B

following a correct method) Condone recovery of slips provided the method is correct.
Al Maximum gradient = 16 (the previous Al must have been scored)

(Note some candidates may find the second derivative and set equal to 0 and then substitute in
their angle to find the maximum gradient.)
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18. OCT 2021 [8]

8 (a) y
Shape and position
Bl
(0]
. dx dy dx
(b) x=2siny=>| —=|2c0s ¥ and attempts to use both —— =1+— and
dy dx dy
Ml
cosy = \/l —sin’ y =~/1-_.x
)
dx 2 Al
2,/1-%
4
dy ] |
-_—= Alcso
[dx 4-x*
3
d 1
(c) | Substitutes x = V2 into their 2 = £ M1
dx  J4-y 2
> - i L] ‘Jj L " "
Finds the equation of the tangent at P y il o V2 ) dM1
V= g x—14+ % Al
3)
(7 marks)
Alt(b)
=arcsin| > | = Y ]—x;
g 2) "l )2 ) MIAl
1-
)
( d_y _] 1 Al
dr J\4-y?
(a)
Bl Correct shape and position: Look for a curve in quadrants 1 and 3 with non zero gradient

at the origin and gradient — o0 at both ends. Ignore values labelled on the axes.

If there is more than one attempt, mark the one which appears in the main body of the
work as their fullest attempt. If there is more than one sketch on the same graph, then it
must be clearly labelled which is the one to be marked.
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Examples of Bl
(a)
Y
— > X a [ Y rishn( 1)
v = X
vtq 1 /
Examples of B0
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(b) Note on EPEN it is M1M1A1 which is now marked as M1A1Al

: dx
Ml x=2siny= o +kcosy where k is non zero and attempts to use both
Y

—=1+—and sin” y+cos’ y =1 in order to obtain — in terms of x. Allow slips
dx dy dx
with dealing with their “2”
Allow working leading to ——=— to score M1.
A= a7
Al A correct expression for % as a function of x which may be unsimplified.
eg[%=] ! = or l = or 1 ;
4 4 4 B

d 1
Alcso {—y =]

dr ) y4-x°

: d |
M1 y =arcsin (%} P X —— (where & can equal 1) then A1A1 as above

-0

Alt (b)

: d 1 : : . .
SC y =arcsin (5] =9 with no correct intermediate working score as 100.
2 dx 4-x’
(c)
dv  dx LT
MI Attempts to find the value of I or . at P. See scheme but allow sub of y = ry into
X [y

their & tkcosy
dy

. - . . dy :
dM1  Full method to find the equation of the tangent at P. Their I may not be exact. Ifthey
X

use y=mx+c¢ they must proceed as far as ¢ = ...
Al Correct equation and in the correct form. The coefficient of x and the constant must be
exact, Isw
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