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Question
Number

Scheme Notes

Marks

1(a)

d 3
y=In(5+3x)= F_ Correct first derivative
dvx 5+3x

B1

2 3
d_y: 3 :>dy_ 9 d’y 54

dx 5+3x  dx’ (5+3x)2 dx’® (5-l—3x)3
d’y k
M1: Continues the process of differentiating and reaches —- = o€
(5 + 3x)
d’y  -9x-2x3(5+3x)

' (5+3x)

Note this may be achieved via the quotient rule e.g.

A1l: Correct simplified third derivative. Allow e.g. % or 54(5 + 3x)73.
5+43x

MI Al

(€)]

(b)

_1n5 I_E ”__i Iﬂ_ﬁ

2 3
= In(5+3x)~ In5+ox—— X 4
5 252! 125 3!
Attempts all values at x = 0 and applies Maclaurin’s theorem.
Evidence for attempting the values can be taken from at least 2 terms.
The form of the expansion must be correct including the factorials or their values.

Note that this is “Hence” and so do not allow other methods e.g. Formula Book.

MI

ln(5+3x)z1n5+§x—%x2 +%x3 +

Correct expansion. The “In(5 + 3x) =" is not required.

Al

2)

(©)

In(5-3x)~ InS— x4
5 50 125
Correct expansion even if obtained “from scratch”
OR for a correct follow through with signs changed on the coefficients of the odd
powers of x only in an expansion of the correct form e.g. a polynomial in ascending

powers of x.

Blft

0]

(d)

(5+3x)

=In(5+3x)—In(5-3x)

1n5+§x—2x2 +—xF...— 1r15—§x—ix2 —ix3 +...
5 50 125

Subtracts their 2 different series to obtain at least 2 non-zero terms in ascending
powers of x.

M1

Correct terms. Allow e.g. O+§x+0x2 +112_5x3 +...

Al
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Allow both marks to score in (d) provided the correct series have been obtained in
(b) and (c) by any means.

2

Total 8
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Question
Number

Scheme Notes

Marks

2(a)

1 A B C
= + +
(2n—1)(2n+1)(2n+3) 2n—1 2n+1 2n+3
=>A4=..,B=.,C=..
Correct partial fraction attempt to obtain values for 4, B and C

Ml

1 1 I I I 1
8(2n-1) 4(2n+1) 8(2n+3) ~ ET6n-8 Snid l6n+24

1 | 1

8 4 . 8
(2n—1) (2n+1) (2n+3)

Correct partial fractions. (May be seen in (b))

ore.g.

This mark is not for the correct values of 4, B and C, it is for the correct fractions.

Al

2)

(b)

1
— —_ + —
8 (2;”—1 2r+1 2r+3j
R,
s
3 5
Y]
-/~ +
3/5
7k
7
1 2 1
/ 3 _n—-1 2n+l

2 1
+ — +
/zﬁ—l 2n+1 2n+3j

+

Uses the method of differences to find sufficient terms to establish cancelling.
E.g. 3 rows at the start and 2 rows at the end or vice versa
This may be implied if they extract the correct non-cancelling terms.

Ml

1 1 1 1 1 2 1 1 2 1
=—|1-=- + oreg =—l-—+—+ +
8 3 2n+1 2n+3 8 33 2n+l 2n+1 2n+3
Identifies the correct non-cancelling terms. May be unsimplified.

Al

_1{2(2n+1)(2n+3)=3(2n+3)+3(2n+1) )
8 3(2n+1)(2n+3) o
Attempts to combine terms into one fraction. There must have been at least one

constant term and at least 2 different algebraic terms with at least 3 terms in the
numerator when combining the fractions.

dM1
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n(n+2)

" 3(2n+1)(2n+3)

Cao

Al

Q)]

Total 6
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Question
Number Scheme Notes Marks
3(a) ) dy
X< 4xy=2y° =—
dx XYy =2y Y B
d 1 dz . _y
Y- - Correct differentiation B1
dx z-dx
~ x_2 dz x_ 2 Substitutes into the given differential M1
2de z 2 equation
Achieves the printed answer with no
dz z __ % errors. Allow this to be written down AL
dx x x2 following a correct substitution i.e.
with no intermediate step.
Q)
a d
VV( a)), 2 y=—>=zy=1=>y—+ Zay =0 Correct differentiation B1
Y o dz . 2 Substitutes into the given differential M1
z & z 7 equation
Achieves the printed answer with no
dz z _ 2. errors. Allow this to be written down Al*
dx «x x2 following a correct substitution i.e.
with no intermediate step.
(a) _:Z_l:%__Ld_y C diff iati Bl
Way 3 Y i ) dx y2 & orrect differentiation
Cldy 1 __ 2 Substitutes into differential equation M1
ydx xp  x (1)
Obtains differential equation (I) with
dy no errors. Allow this to be written
2 el — 2 *
o dx Ty =2y down following a correct substitution Al
1.e. with no intermediate step.
(b) L : : 1
I=¢’'r =eg™==— Correct integrating factor of — B1
X X
2 For Iz=— 2Idx Condone the “dx”
o[ Zax or Iz = = . Condone the M
x X .
missing.
1
Z- —+c Correct equation including constant Al
X X
1
z=—+cx Correct equation in the required form | Al
X
0)
© 1 _ 1 tox = 8 _ 1 13— c=—] Reverses th'e' substitution agd uses the M1
y o x 3 3 given conditions to find their constant
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Correct equation for y in terms of x.
Allow any correct equivalents e.g.
1 1
y x_l —x > y 1
——X
X

Al

2

Total 9
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Question
Number

Scheme Notes

Marks

4(a)

dzy

Y d’y =2 & 1 Correct expression for w

=y —x=
x 2 T e Tae

B1

d); 2y d); Z(dyj
dx dx dx

3 3
M1: Applies the product rule to obtain 4y _ = Ay ¢ J; . or d—); =..+B (d_yj
dx’ dx dx
where ... is non-zero
Al: Correct expression. Apply isw if necessary.

MI Al

d); 2yd)2/ 2(dyj:>di/ 2yd)3/ 2dyd)2/ 4dyd)2/
dx dx dx dx dx dx dx dx dx
d'y dy dvd’y
=2 +6—

o T T wer

4

. d
Correct expression for a{ or correct values for 4 and B.

Al

Note:

d’y
Ife.g. o

=2y % is obtained, allow recovery in (a) so BOM1A1A1 is possible.

Q)

(b)

(), =L (), =2("), =3 ("), =14(y"), =64

Attempts the values up to at least the 3rd derivative using x =—land y =1
Condone slips provided the intention is clear. May be implied by their values.

MI

2 3 4
3(xt1)’ 14(x+1) 64(x+l)
2 3! 4!
Correct application of the Taylor series in powers of (x + 1)
If the expansion is just written down with no formula quoted then it must be correct
for their values. E.g. y = —1 + ... with no evidence y = f (-1) was meant scores M0

(y=)1+2(x+1)+

MI1

3 1 2 3 4
(x+1) +7@+0 +ax+0 .
3 3
Correct simplified expansion. The “y =" is not required.

(y=)1+2(x+1)+

Al

(©)]

Total 7
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Question 5

General Guidance

B1: This mark is for sight of —8 seen as part of their working. It may be seen as e.g. embedded in an
inequality, as part of their solution if they consider for example x > —8, x < -8 or —8 is seen in a
sketch etc.

Do not allow for just e.g. x + 8 > 0,
M1: Any valid attempt to find at least one critical value other than x = -8 (see below).
Condone use of e.g. “=", “>”, “<” etc as part of their working.

Note these usually come in pairs as 3, —% or 3,-13

MT1: A valid attempt to find all critical values.
Condone use of e.g. “=", “>”, “<” etc as part of their working.
Al: Any 2 critical values other than x = —8. May be seen embedded in an inequality or on a sketch.
Al: 2 correct regions
Al: All correct with no extra regions
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Question
Number Scheme Notes Marks
S (x=)-8 This cv stated or used Bl
For cv’s 3, —% OR Forcv’s 3, —13
Examples: Examples:
x —9=(x+8)(6—2x):>x=... x —9:—(x+8)(6—2x):>x:...
or or
(x2 —9)(x+8) :(x+8)2 (6—2x):> xX=.. —(xz —9)(x+8) :(x+8)2 (6—2x):>x:...
or or Mi
x* -9 x* -9
—(6—2x)=0:x=...> —(6—2x)=0:x:...>
(x+8) —(x+8)
NB leads to 3x”> +10x—57 =0 NB leads to x* +10x—39=0
For cv’s 3, —? AND Forcv’s 3, -13
Examples: Examples:
x —9=(x+8)(6—2x):>x=... X —9:—(x+8)(6—2x):>x=...
or or
()c2 —9)(x+8) :(x+8)2 (6-2x)=x=.. —(x2 —9)(x+8) =(x+8)2 (6-2x)=x=..
or or MI
x> -9 x* -9
—(6—2x):0:>x:...> —(6—2x)=0:x:...>
(x+8) —(x+8)
NB leads to 3x* +10x—57=0 NB leads to x> +10x-39=0
19 For any two of these cv’s. May be seen
Any two of: x=-13,——, 3 embedded in their inequalities. Depends | Al
3 on at least one previous M mark.
—-13<x<-8, —8<x<—?, x>3
Al: Any 2 of these inequalities.
19 . ..
Note that —13 < x < 3 x #—8 would count as 2 correct inequalities. Al Al
1 . ..
Also condone —13 <x < —?9, x >3 as 2 correct inequalities.
Depends on at least one previous M mark.
Al: All correct and no other regions. Depends on all previous marks.
Allow equivalent notation for the inequalities e.g. for —13 < x < -8 allow
x>—13and x<-8, x>-13, x<-8, —8>x>-13,(-13,-8), {x:x>-13Nx< -8}
Butnot x>-13 or x<—8
Note that —13<x < —%, x #-8, x>3 is fully correct.
(6)

Total 6
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Note that it is possible to find all the c¢v’s by squaring both sides of the equation:

(x=)-8 This cv stated or used Bl
(*-9)
o =4(6-2x)" = x* —18x* +81=(36—24x+4x" ) (x* +16x +64)
x+8
. X 5 MIMI1
=3x" +40x" —74x" -960x+2223=0=>x =...
M2 Requires a complete attempt to square both sides, multiply up to obtain a quartic
equation and an attempt to solve to find at least 1 critical value other than x = —8
19 For any two of these cv’s. May be seen
Any two of: x=-13, ——, 3 embedded in their inequalities. Depends | Al
3 on both previous M marks.
—-13<x<-38, —8<x<—%, x>3
Al: Any 2 of these inequalities.
19 . .
Note that —13<x < 3 x #—8 would count as 2 correct inequalities. AL Al

Also condone —13<x< —?, x >3 as 2 correct inequalities.

Depends on at least one previous M mark.
Al: All correct and no other regions. Depends on all previous marks.

Allow equivalent notation for the inequalities e.g. for —13 < x < -8 allow
x>-13and x<-8, x>-13, x <=8, —8>x>—13,(—13,—8), {x:x>—13mx<—8}

Butnot x>—-13 or x <—8§

Note that —13<x < —%, x#-8, x>3 is fully correct.
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Question
Number

Scheme

Notes

Marks

6(a)

Im

A straight line anywhere that is not
vertical or horizontal which does not
pass through the origin. It may be
solid or dotted. Clear “V” shapes score
MO.

Ml

Re

A straight line in the correct position.
Must have a positive gradient and lie
in quadrants 1, 3 and 4. Ignore any
intercepts correct or incorrect. If there
are other lines that are clearly
“construction” lines e.g. a line from 2i
to 3 they can be ignored. The line may
be solid or dotted. However, if there
are clearly several lines then score AO0.

Al

2

Part (b)

The approaches below are the ones that have been seen most often.
Apply the mark scheme to the overall method the candidate has chosen.

There may be several attempts:

e If none are crossed out, mark all attempts and score the best single complete attempt

If some attempts are crossed out, mark the uncrossed out work

If everything is crossed out, mark all the work and score the best single complete attempt

Note that the question does not specify the variables the candidates should work in so they may use:
eg.z=x+iyand w=u+ivor w=x+iy and z =u +iv or any other letters so please check the work

carefully.

Note that the M marks are all dependent on each other.
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(b) Attempts to make z the subject.
Way 1 w=—2 -z = 2w Must obtain the form —22" -, a,b,c | M1

z—-2 w—1 bw+ci

real and non-zero.
2(u+1iv)i 2(x+iy)i
22
u+iv—i X+iy—i
2(u+iv)i u—(v—l)i alent
z= X or equivalen
ur(v=1)i u—(v=1)i M1
Introduces w=u+ivor e.g. w=x+1y and attempts to multiply numerator and
denominator by the complex conjugate of the denominator. The above statement
would be sufficient e.g. no expansion is needed for this mark.
-2 2u® +2v(v-1). ) 2x2+2y(y-1).
z=— u R ( 2)1ore.g.z=2 al T+ y(y2)1
u +(v—1) u +(v—1) X +(y—l) X +(y—1)
or
_2uv+2u(v—1)+(2u2+2v(v—1))i ore.g —2xy+2x(y—1)+(2x2 +2y(y—1))i Al
zZ= s Z=

uz+(v—1)2 x2+(y—1)2

Correct expression for z in terms of their variables with real and imaginary parts
identified. May be embedded as above or stated explicitly.

) 3 3 3 5
z=2ll=|z-3|=>y-1=—| x—— =—x——, 6x—4y=5
||||y2(2][y24 yJ

2u’ +2v(v—1) 3 —2u 3

=~ =7 2 (1 2

u®+(v-1) 2\u’+(v-1)" 2

Attempts the Cartesian equation of the locus of z and substitutes for x and y or
equivalent using their variables to obtain an equation in « and v (or their variables).
Condone slips with the locus of z but must be a linear equation in any form but with
a non-zero constant term. ddM1
or
= 2u” +2v(v-1 = 2u” +2v(v-1

|z—2i|=|z—3|:>| SR UG i )i i | s UG i )i s

‘u2+(v—l) u2+(v—1) ‘u2+(v—1) u2+(v—l)

2 2 2 2
—2u 2u® +2v(v—l) —2u 2u? +2v(v—1)
= >+ 5 2—2=—2 2—3 H 3
u2+(v—1) u +(V—l) u +(v—1) u +(v—1)
Substitutes their z into the locus of z and applies Pythagoras correctly to obtain an
equation in u# and v (or their variables). Note that here, further progress is unlikely.
12 1 4
1B +130 +12u—18v+5 =0 402 4+ 12, 18, 2 4
13 13 13 13
6 9V 4
= | u-+ B +|v— E = E
. L ) ) dddM1
Attempts to complete the square on their equation in # and v where u~ and v~ have
the same coefficient.
a 2 ﬂ 2
Award fore.g. u® +v> +au+ fv+..= [u +5] +(v+5] +...=...
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Attempts using the form u” +v* +2gu+2 fv+c¢ =0 send to review.

6 9. 2
‘w - (— I + I 1)‘ = ﬁ Correct equation in the required form

Al

Total 8

(b)
Way 2

Attempts to make z the subject.

iz 2wi : awi
= ‘ ' Must obtain the form -, a,b,c
z—21 w—1 bw+ci

real and non-zero.

Ml

2wi‘_2i
w—1

| 2wi —2wi -2
:| =

-3

|Z—2i|=|z—3|:>‘
w—1

_‘2wi

2wi—3w+3i|

w—1 |
Introduces z in terms of w into the given locus and attempts to combine terms

w—1 |_

dMl1

2 |3 o i 3w 3
w—i| |

w—1i
Correct equation with fractions removed

Al

[2(u+iv)i=3(u+iv)+3i|=2= (Bu+2v) +(3v—2u-3)" =4

Introduces e.g. w = u + iv and applies Pythagoras correctly

ddM1

1312 113 +12u—18v+9 =4 =1 12 412, -8, 0 4
137 13 13 13

6 Y 9y 4
=>lu+— | +|v——| =—
13 13) 13

Attempts to complete the square on their equation in u and v where * and v* have
the same coefficient.

2 2
Award for e.g. u2+v2+au+ﬁv+...=(u+%j +(v+§j +o=

Attempts using the form u” +v* +2gu+2 fv+c =0 send to review.

dddM1

6 9. 2
‘W - (— g + g 1]‘ = ﬁ Correct equation in the required form

Al

Total 8




FP2 2023 01 MS

(b)
Way 3

Attempts to make z the subject.
W= 1z =z = ZWI. Must obtain the form am -, a,b,c | Ml
z-21 w—1 bw+ci
real and non-zero.
. 2wt | | 2wl
|z-2i|=|z-3| = |——-2i|=|—-3
w—i w—i
_ |vi-2wi-2| _|2wi-3w+3i) dMl1
| w—1 | w—1i |
Introduces z and attempts to combine terms
2 |_[2uim3w 3 o i 3w 3
w—1| w—1 | Al
Correct equation with fractions removed
w(20=3)+3i| =|(2i=3)[ wr — || =[2i = 3w+ 2] =2
2i-3 ddM1
Attempts to isolate w and rationalise denominator of other term
J13 w—(—%+%ij =2=|w— —%+%ij = %
3 dddM1A1

M1: Completes the process by dividing by their |2i—3|

Al: Correct equation in the required form

(6
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Question
Number

Scheme Notes

Marks

7(a)

Condone use of e.g. C + 1S for cosx +isinx if the intention is clear.

(cos5x =)Re(cosx +isin x)5 =cos’ x + (;jcos3 x(isin x)2 + (j]cos x(isin x)4

Identifies the correct terms of the binomial expansion of (cosx +isinx)’

They may expand (cosx +isin x)5 completely but there must be an attempt to extract

the real terms which must have the correct binomial coefficients combined with the
correct powers of sin x and cos x. Condone use of a different variable e.g. 6.

Ml

(cos 5x E)cos5 x—10cos’® xsin® x + 5cos xsin* x

Correct simplified expression. Condone use of a different variable e.g. 6.

Al

= cosx(cos4 x —10cos® xsin® x + 5sin* x)
. 2 . . .
= cosx((l —sin? x) —10(1 —sin? x)sm2 X+ 5sin? x)

Applies cos” x =1-sin” x to obtain an expression in terms of sin x inside the bracket.
Condone use of a different variable e.g. 6.

M1

\ ) Correct expression. Must be in terms
= COSX(16SIH x—12sin” x + 1) of x now. The “cos5x =" is not
required.

Al

“)

(b)

Allow use of a different variable in (b) e.g. x for all marks.

cos560 =sin2@sin @ —cos @
= (:0549(16sin4 0 —12sin’ 0+1) =2sin”* @cos @ —cos @

= cos¢9(16sin4 0 —14sin’ 0+2) =0

Uses the result from part (a) with sin 26 = 2sin @ cos 8 and collects terms

Ml

16sin* @—14sin’@+2=0

TEA17

—sin’f= —=sinf=...

Solves for sin* @ by any method including calculator and takes square root to obtain at
least one value forsin@. Depends on the first mark. May be implied by their values of

717

sind or . NB T ! =0.69519..., 0.17980...

dM1

7+J17

16

sinf =

7+:17
16

=0=..

NB =0.833783..., 0.424035...

A full method to reach at least one value for 6. Depends on the previous mark.
May be implied by their values of 8

ddM1

(6=)0.986, 0.438 Correct values and no others in range.
Allow awrt these values.

Al

Q)]

Total 8
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Note that it is possible to do 7(b) by changing to cos 0 e.g.

cost9(16sin4 6 —12sin’ 0+1) = cos@(16(1 —cos’ 9)2 —12(1 —cos’ 0) +1)

cos@(16(1 —cos’ 49)2 —12(1 —cos’ 6’)+ 1) =2sin’ @cosd —cos b

16cos*@—18cos’ @ +4=0

9+17 9+17
16 16
(0=)0.986, 0.438

cos’ 0 = = cosf =

This is acceptable as they used part (a) and can be scored as:
M1: Uses part (a) with sin® @=1-cos’ @ and sin26 =2sinfcosé and collects terms.

dM1: Solves for cos’ @ by any method including calculator and takes square root to obtain at least one
value forcos@ . Depends on the first mark. May be implied by their values of cosé or 6.
NB 9iZT?

=0.82019..., 0.30480...

dM1: A full method to reach at least one value for 6.
Depends on the previous mark. May be implied by their values of 6

+
NB «,9_1\6/ﬁ =0.905645..., 0.552092...

Al: (6=)0.986, 0.438
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Question
Number Scheme Notes Marks
8(a) y=rsin@=(1-sin®)sin@ =sin@—sin’ @ | Differentiates (1—sin)sin 6 to
:d—yzcosé?—zsiné?cosé’ achl‘eve +cos@ =+ ksinbcosb or M1
o equivalent. Use of y =rcosé or
ore.g. x =rcos @ scores MO
dy : o
= a0 cos 6 —sin 26 Correct derivative in any form. Al
. . . 1
cos@—2sinfcosd=0= cos@(l—2sm0) =0 =sinf =3 =0=.. dM1
Solves to find a value for . Depends on the first M.
=)
276
Correct coordinates and no others. Isw if necessary e.g. if written as ( % %j after Al
correct values seen or implied award Al. Allow e.g. @ —% r= 1
The value of r must be seen in (a) — i.e. do not allow recovery in (b).
| (4)
(b) Note that the - in L r* d@is not required for the first 4 marks
Way 1 2 2
J.(l —sin 9)2 do= j(l —2sin @ +sin’ 6?) d@ | Attempts (%) J-rz d@ and applies
1 1 1,1 Ml
=||1-2sinf+———cos26 |dO sin® @ =+ —*—cos 26
2 2 2 2
(1-sin@)’ d@ = %H+20059—%sin29(+c)
Correct integration. Condone mixed variables e.g. Al
(1—sin 0)2 do= %x+ 2cos9—%sin29(+c)
1) 3 1. 6
— || =60+2cos@——sin20| =| = \/_ f -(2) _Z i—1
2)12 4 0 2 8 16
. o . . . I . . M1
Applies the limits of 0 and their gto their integration. The 5 1s not required.
For the integration look for at least ij sinfdé@ — £cosl
Triangle: l><lsinz><lcosz = ﬁ
R R N M1
Uses a correct strategy for the area of the triangle
Fully correct method for the required
Areaof R= "+ i —1+ f area. Depends on all previous dM1
8 32 method marks.
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3%(4;”15\6—32) Cao

Al

()

Total 10

Note that the %in %jrz d@is not required for the first 3 marks

(b)
Way 2

j(l—sin@)zdﬁz j (1-2sin6+sin*0)d0 | Attempts G] I r*d6 and applies

= 1—2sin9+l—100526 do sinzﬁzililcos%ﬁ
2 2 2 2

Ml

(1—sin9)2d9=%9+2cose—%sin20(+c)

Correct integration. Condone mixed variables e.g.

(1—sin0)2dH=§x+2cos0—%sin29(+c)

Al

(120 2emo-Lsmao] (L) [20-0)-a)]-2)

Evidence of use of both limits 0 and % to their integration. The % is not required.

For the integration look for at least ij sinfdé@ — £cosl

MI

Triangle — “Segment”:
l><lsin£><lcos£—l.|.3(l—sin9)2d0
22 6 2 6 2%

ﬁ—l §9+20056’—lsin29 ’ :ﬂ_f
32 2(2 4 ™ 32 4

Uses a fully correct strategy for the area above the curve between O and P.
Requires a correct method for the triangle as in Way 1 and a correct method for the

. .
“segment” using both their 5 and %

MI

Fully correct method for the required
Area of R = 37 _ 1+ % _ area. Depends on all previous
8 32 4 method marks.

dM1

3%(4;”15\6—32) cao

Al

(6)
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Question
Number Scheme Notes Marks
9(a)(i) 1 1
x=t? nglt zﬂzd_y:m or t=x" :g:2x:>Q:d—yg:
d 2 dy dx dx dx drf dx M1
Applies the chain rule and proceeds to an expression for %
d 1d Any correct expression for L n
4 =212 4 y p dx Al
dx d terms of y and ¢
a)(ii 142
(a)(ii) dy_ztzdy:d);_dy_,g 2t2d—);£
dx dr dx* dr  dx de” dx
1
dM1: Uses the product rule to differentiate an equation of the form % = kt? (cil_y or
t
equivalent e.g. & =kx— dy to obtain
dx dr dM1A1
2 2 1 12
d);_ tzdydt+...ord);—. ﬂzdydt
dx dr dx dx dr? dx
or equivalent expressions where ... is non-zero
2
Al: Any correct expression for 3}6—);
1392 1 12
Y d Hpdyd by %2+2ﬂ(1ydt
dt dx dr” dx dt dr? dx
2 2 Al
4y L, 44y
dx dr dr?
Correct expression in terms of y and ¢
| (5)
(b) 2 2 1 3 5
* (6 1) L poxty = o[22 497 (6r41)20 Y oy =2
dx dx dt dr dr M1
1
Substitutes their expressions from part (a) and replaces x with ¢2
- dy > d’y 2 dy ~dy 2 2
22 = 4412 = — =122 =2 = +9t*y =¢?
dt dt dr dt
d’y ,dv
:>4d2 12d +9y=l* Al*

Obtains the given answer with no errors and sufficient working shown — at least one
intermediate line after substitution but check working.
Must follow full marks in (a) apart from SC below.

2
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Special case in (a) and (b) for those who do not have (a) in terms of y and 7 only:

d_dydr

=X =>—=2x= =..
dx dx dr dx

. Scores M1. ...= 2x3—y scores A0 in (a)(i)
t

2 2 2
Y_ 0¥, d—f oWy 2xd—{g P d—f Scores dAM1A1AO in (a)(ii)
v At A Tde dedx de dt
2 1 2 3os
xd—);—(6x2+1)d—y+9x3y=x5:>t2 2V 4 &Y —(6t+1)2xd—y +9r2y =12
dx dx dt dt dt

o dy d’y Ly 2 2 d’y dy .
=12 2—+4t—5 —(6t+1)2t2 — +91?y =1> =>4—=-—12—=—+9y =¢t* Scores M1Al in (b)
dt dr dr dr dr
Mark (c) and (d) together
(©) i 3 Attempts to solve 4m° —12m+9=0
dm”—12m+9=0=>m= 5 Apply general guidance for solvinga | Ml
3TQ if necessary.
Correct CF. No need for “y =...”
3
5, Condone (y =)e2x (Ax+ B) here but
(y=)e? (Ar+B) must be in terms of 7 in the GS. Allow | ]
equivalents for the % :
dy d’y
=at+b=>==a=—==0
(=) dt dr’
= —12a +9(at+b) =t
4 & M1
Starts with the correct PI form and differentiates to obtain d_y =a and d—f =0and
t t

substitutes. NB starting with a PI of y = at is M0

Complete method to find @ and b by
comparing coefficients. Depends on dM1
the previous method mark.

da=1=a=...
9b—-12a=0=b~=...

. Correct GS including “y =...” and
o 1.4 must be in terms of ¢ (no x’s). Allow
y=e® (dt+B)+ 9 t+ 27 equivalent exact fractions for the
constants.

Al

3)

(@ e 1, 4
y=e (Ax +B)+9x +27

Correct equation including “y =...” (follow through their answer to (¢)).
Allow equivalent exact fractions for the constants. For the ft, the answer to (¢) must Blft
be in terms of 7 and the answer to (d) should be the same as (c) with ¢ replaced with
x°. If there is no final answer to (c) you can award B1ft if the equation is correct in

terms of x if it follows the previous work.
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Total 13




