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1. The curve C has the equation 2x + 3y? + 3x2y = 4x2.
The point P on the curve has coordinates (-1, 1).
(a) Find the gradient of the curve at P.
(C))
(b) Hence find the equation of the normal to C at P, giving your answer in the form
ax+by+c =0, where a, b and c are integers.
3
g J
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1. (a) {%

dx

{Q _ 8x—2- 6y

= 2+6yg+ 6xy+3<2g = &
adx ox

By + X }

not necessarily required.

IR

dM1 Al cso

(b)

At P(-11), m(T) = ¥ = 8CD-2-6CHW)_ _
B dx 6(1)+ 3¢ 1f 9
[5]

M1

N: y—1=%(x+1) M1

N: 9x - 4y +13= 0 Al

[3]

(@)

(b)

M1: Differentiates implicitly to include eithet ky;ﬂ or 3X2%. (Ignore(? :j).
X X

Al (2x+3y2) - (2+ 6y %J and (4x2 - Q() Note: If an extra “sixth” term appears then award AO.
X
Bl 6xy+ 3x2ﬂ.
dx

dM1: Substitutingx =-1andy = 1 into an equation involving(l(jl. Allow this mark if either the numeratq
X

or denominator ofY. = w
dx By + 3X

If it is clear, however, that the candidate is muliag to substitutex =1 andy = — 1 then award MO.

is substituted into or evaluated correctly.

Candidates who substitute=1andy = - 1. will usually achievem(T) = -
Note that this mark is dependent on the previoubhotemark being awarded.
Al For—i1r or -8 or —0.'4 or awrt— 0.4«

9 18
If the candidate’s solution is not completely cotréhen do not give this mark.

. 1
M1: ApplIeS m(\l) == m .

M1 Usesy-1=(m)(x--1) orfindsc using x = —1land y =1and usesy =(m,)x +"c",

1 1 .
Wh =— = = —th .
erem their m(T) or M their m(T) or M eirm()

Al: 9x—-4y+13= 0or -9x+ 4y -13= Qor 4y - 9x — 13= Oor 18x — 8y + 26= (etc.
Must be “=0". So do not allo@x+ 13= 4y etc.
By + 3%
8x—-2-6

Note: m, = —( ] is MOMO unless a numerical value is then foundrfgy.

Xy

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

{&x} 2%+ 6y+[6xy% + &2]: ac X

Y o/

M1: Differentiates implicitly to include eithez% or 6xy% orikxz. (Ignore(% =]).
dy dy dy dy

Al (2x+3y2) > [2% + GyJ and [4x2 - 8X%J. Note: If an extra “sixth” term appears then award AO.
y y

Bl 6xy+ 3x2ﬂ.
dx

dM1: Substitutingx = -1 andy = linto an equation involvingg—X or ﬂ Allow this mark if either the
2
numerator or denominator eq‘)—( - Oy is substituted into or evaluated correctly.
dy 8x—2-&xy

If it is clear, however, that the candidate is mulieg to substitutex =1 andy = — 1 then award MO.
Candidates who substitute=1andy = - 1. will usually achievem(T) = -
Note that this mark is dependent on the previouhiotemark being awarded.

Al: For—il or —E or —0..4 or awrt— 0.4«
9 18

If the candidate’s solution is not completely cotre¢hen do not give this mark.
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2. (a) Use integration by parts to find Jx sin3x dx.

(b) Using your answer to part (a), find szcos 3x dx.

)

)

P 4 0 0 8 5 A 0 4 2 8
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Number
2. (a) J.xsin3x & = —%x cosS—J. —% cosg{ M1 Al
1 1 .
= -=xcosX + = sinx{+ c} Al
3 9
(3]
(b) Ixzcos& & = %xz sinx—j—gx sing{ x} M1 Al
=L sina-2[ - 2x cosz + * sing {+d Al isw
3 3L 3 9
1., . 2 2 :
=3X S|n3x+§x cosix—?7 sing {+¢} Ignore subsequent working [3]
6
(a) M1: Use of ‘integration by parts’ formulav — jvu' (whether stated or not stated) in toer ect direction,

(b)

whereu=x - u' =1 andVv =sin3 - v =k cosX(seen or implied), wheteis a positive or negative
constant. (Allowk =1).

This means that the candidate must achieflecos X) —J (k cos8), wherek is a consistent constant.

If x*appears after the integral, this would imply ttet candidate is applying integration by parts @niiong
direction, so MO.

Al: —%xcos&—j —% cos8{ ® . Can be un-simplified. Ignore t{elx} .

Al: —%xcos& +% sin& with/without +c. Can be un-simplified.

M1: Use of ‘integration by parts’ formulav — Ivu' (whether stated or not stated) in tmer ect direction,

whereu=x*> ~ U =2xorx andv=cosX - v=A sinX(seen or implied), wherg is a positive or
negative constant. (AlloW =1).

This means that the candidate must achie\(@ sin3x)—J. 2X (A sinX , whereu' = 2x

or xz(Asinax)—J X (A sin& ), whereu' = x.

If x*appears after the integral, this would imply ttet candidate is applying integration by parts iong
direction, so MO.

Al: %xzsin:&(—]%x sin{ o} . Can be un-simplified. Ignore t{elx} .

Al: %xzsin&—é(—éx CcosX +—; sinSj with/without +c, can be un-simplified.

You can ignore subsequent working here.
Special Case: If the candidate scores the first two marks dfAd in part (b), then you can award the final A

as a follow through for%3 x? sin 3x —g( their follow through part(a) anSV\)e
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3. (a) Expand
e <3
(2-5x)*" 5
in ascending powers of x, up to and including the term in x* giving each term as a
simplified fraction.
)
Given that the binomial expansion of 2+—kx2 , X < %, is
(2-5x) 5
1
L v ax +..
2 4
(b) find the value of the constant &,
(2)
(c) find the value of the constant 4.
(2)
g J
6

P 4 0 0 8 5 A 0 6 2 8
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(Ngt:fnsbt::rn Scheme Marks
1 _ of . Y1, X\ L1
3.(a —— = 2-%)*=(2 | 1-=| =4 1= 2)“or— | B1
R ol
1 -2)(-3
:{Z} [ 1+(-2)(** % +%(I)(** Y%+ } see notes M1 A1ft
2
=1 1+(-2) X +—( 2E3)_ X +..
4 2 2! 2
= %{1+ 5X;+ 775x2+...} See notes below!
=1+§x;+l5x2+... Al: Al
4 4 16
[5]
0) 2+ kx2 = 2+ 100 L+ Ox+ {l5xz+ } Can be implied by later work |
(2-5x) 4 4 16 evenin part (c).
X terms: @+ kx - X
4 4
giving, 10+ k=7= k=-3 k=-3|A1
[2]
2 2
(c) X2 terms: 150 | 5k4x M1
— L
So, A:7—5+L3) S S 4—5or5§ or 5.625 | A1
8 4 8 4 8 8 8
[2]
9
(a) Bl (2)%or % outside brackets oﬁ as candidate’s constant term in their binomialagrgion.

M1: Expandg to give a simplified_or an un-simplified,
** *%* (_2)(_ 3) fx % 2 (_2)(_ 3) ** 2 **
1+ (_ 2)( X) or (_2)( X) +T( X) ...... +T( X) ,Where ¢1 .

Al: A correct simplified or an un-simplifietl+ (- 2)(** X) +#(** ¥ *expansion with candidate’s

follow through(** x). Note that(** x) must be consistent.

You would award BIM1AO fov=%{ 1+(- 2)(—5—2)(}%('_3)(— 5xY + } because ** is not consistent,

a - 2
Invisible brackets {%} { 1+(- 2)(—5—2)(j+%5$(—12} + ] is M1AO unless recovered.

Al: For %+gx (smplified fractions) or Also allow 0.25+ 1.2% or%+1711x.

Allow Special Case Al for either SC: %1[1+ 5x;...] or SC: K[1+ 5X + 7—:)x2+...}.

Al: Accept onIyE’x2 or 411 or 4.6875¢
16 16

Alternative method: Candidates can apply an alternative form of therial expansion. (See next pag
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3. (b) | M1: candidate writes dowii2 + kx)( their part (a) answer, at least ugthe term in X

(2 + kx) o5 o (2 + kx) L5 By ) arefine.
4 4 4 4 16
This mark can also be implied by can@idaultiplying out to find two terms (or coefficiex) inx.
Al: k=-3

1 5 75

M1: Multiplies out their(2 + kx)(— + ZX + 1—6x2 + j to giveexactly two terms (or coefficients) i’

(c) 4

and attempts to firlusing a numerical value &f

Al: Either4—85 or 52 or 5.625 Note: %5x2 is AO.

Alternative method for part (a)
(2-507 = @+ £ 2@° € 5)r 2D 2 ¢ 5

1 -2
B1l. — or(2) -,
2 (2)

M1: Any two of three (un-simplified) terms correct.

A1l: All three (un-simplified) terms correct.

Al 1 + Ex

4 4

5.

16

Note: The terms in C need to be evaluated;’&)(2) >+ °C,(2) °(-5x)+ T, (2) * 5 )* without

further working is BOMOAO.

Al:

Alternative method for parts (b) and (c)
2+kq)= (2- 5x)2(% +771x + AX*+ j

(2+kx)= (4- 20k + 25° (%+771X+AX2+ }

(2+kx)= 2+ (Tx— 10<)+(4Ax2 - 3% +275sz

Equatex terms: k = -3

Equatex® terms: 0 = 4A — 35+275 = 4A=%3 = A:ig5

(b) M1: For (2+kx)= (4£Ax+ 25¢ {%+771x+ AX®+ j whereA #0

Al: k=-3
(c) M1: Multiplies out to obtain three¢® terms/coefficients, equates to 0 and attemptsithX.

Al: Either%5 or 52 or 5.625 Note: %5)(2 is AO.
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2 X

Figure 1

Figure 1 shows the curve with equation

2x
= [|=—="—| x>0
Y \/(3x2+4) *

The finite region S, shown shaded in Figure 1, is bounded by the curve, the x-axis and the
line x =2

The region § is rotated 360° about the x-axis.

Use integration to find the exact value of the volume of the solid generated, giving your
answer in the form & In a, where k and a are constants.

S))

Leave )
blank

P 4 0 0 8 5 A0 1 0 2 8
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Number
2, 2
Volume = 71 2x dx Use ofV = ﬂj y? dx
4 3X° + 4 Yy & 1Bl
.O
Y , £ kin(3x +4) | M1
= (m)[ZIn(3x + 4)} 1
|3 0 ~In(3x* +4) | AL
3
_ (1 (1 Substitutes limits of 2 and 0
= () _(3In16j [3 In 4}} and subtracts the correct way rou ndML
So Volume= %nln4 %nln4 or %nlnz Al oe isw

[3]
5

NOTE: is required for the B1 mark and the final A1 matkis not required for the 3 intermediate marks.

B1l: For applyingn_[ y®. Ignore limits ancdx. This can be implied by later working,

but the pi andj-%1r must appear on one line somewhere in the catedsdaorking.
X

2
B1 can also be implied by a correct final answaiote: ﬂ(jy) would be BO.

Working in x
M1: For + kln(3x2 + 4) or J_rkln(x2 + gjwherek is a constant ankican be 1.

Note: MO for + kxln(3x2 + 4).

Note: M1 can also be given far kln( p(3x2 + 4)) , Wherek andp are constants aridcan be 1.
Al Fort In(3x2 + 4) or Sin —1(3x2 + 4) or i x2 + 2 or—lln(p 3+ 4).
3 3 3 3 3 3

You may allow M1 Al fors[ X In(Sx2 + 4) or 3 In(Sx2 + 4)
3\ x 3\ 6x

dM1: Substitutes limits of 2 and 0 and subtracts theeovmway round. Working in decimals is fine for iM

1

1
1 2 6

Al: For ether l7TIn4, lln4”, g77In2, min4?®, min 23,}77In(£3) 2mIn & , etc.
3 3 3 3 4 46

Note: %n(lnlﬁ— In4) would be AO.

Working in u: whereu =3x* + 4,
M1: For + kilnu wherek is a constant ankican be 1.

Note: M1 can also be given far kin ( pu), wherek andp are constants aridcan be 1.
Al: Forllnu or }In3u or—llnpu.
3 3 3

dM1: Substitutes limits of 16 and 4 in u or limits o&d&d 0 inx and subtracts the correct way round.
Al: As above!

]
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S y
C
0 X
Figure 2

Figure 2 shows a sketch of the curve C with parametric equations

x=4sin(t +%), y=3cos2t, 0<t<2n

d
(a) Find an expression for ay in terms of 7.

€))

d
(b) Find the coordinates of all the points on C where ay =0
)

— R 0 A R
P 4 0 0 8 5 A 0 1 2 2 8
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Number
5. x=4sin(t+7—6Tj, y = 3cos? , Qt< &
dx T d .
a =4co —|, —=-6sin2 Bl B1
@ | Greefg) g
So,ﬂz -6sin2
dx 4co{t+ﬂj B1V oe
__\ 6
(3l
(b) {ﬂ=0 :>} -6sin2=0 M1 oe
dx
= = i ]_T = = =
@t=0, x-4sn‘(6j 2, y=3cos& 3 (2,3 M1
@t——, X= 4S|r(2”j :—23 ,y= 3cosr=- 3 2'_3— 3)
@t=sm, x= 45|r( )=—2,y= 3cosZ= 3- H 2,3
@t—— X= 4SIF( j 4(_;@) ,y=3cosB=- 3. 4 3 ALAIAL
[5]
8
R dx _ T dy _
(a) B1: Either one ofa—4co t+€ or o —-6sin2 . They do not have to be simplified.

B1l: Both % and% correct. They do not have to be simplified.

Any or both of the first two marks can be implied.
Don’t worry too much about their notation for thiesf two B1 marks.

B1: Their% divided by their% or theirﬂx 1

dt their(dx)
dt

2sir

Alter native differentiation in part (a)

x = 24/3sint + 2cos = %= 2 3cds-

y=3(2coét - 1)= %z $- 4cos sh)
or y =3cogt - 3siit = %z— 6cos si- 6sin cb

or y=23(1- 2sirft ) = d_i/ g~ 4cos sit)

Note: This is a follow through mark.
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5. (b)

M1: Candidate sets their numerator from part (a) ar t%% equal to O.

Note that their numerator must be a trig functidgnore% equal to 0 at this stage.

M1: Candidate substitutes a found value, @b attempt to find either one »fory.

The first two method marks can be implied by ONEext set of coordinates fgx, y) or (y, x) interchanged.
A correct point coming from NO WORKING can be aweddV1M1.

Al: Atleast TWO sets of coordinates.

Al: Atleast THREE sets of coordinates.

Al: ONLY FOUR correct sets of coordinates. If there more than 4 sets of coordinates then award AO.
Note: Candidate can use the diagram’s symmetry to watendsome of their coordinates.

Note: When x = 4sin(g) = 2 ,y= 3cos & is acceptable for a pair of coordinates.

Also it is fine for candidates to display their coimates on a table of values.
Note: The coordinates must be exact for the accuracysndek(3.46..., -3) or (-3.46..., -iis AO.

Note: % = 0= sint = 0 ONLY is fine for the first M1, and potentially tHellowing M1A1AQ0AOQ.
X

Note: % =0= cod = CONLY is fine for the first M1 and potentially thelfowing M1A1AQAOQ.
X

Note: % = 0= sint = 0& cog = 0 has the potential to achieve all five marks.
X

Note: It is possible for a candidate to gain full mankgart (b) if they make sign errors in part (a).

(b) An alternative method for finding the coordinates of the two maximum points.
Some candidates may uge 3cos 2 to write down that thg-coordinate of a maximum point is 3.

They will then deduce that=0 or 77 and proceed to find thecoordinate of their maximum point. These
candidates will receive no credit until they attétapfind one of thec-coordinates for the maximum point.

M1M1: Candidate statey = 3 and attempts to substitute= 0 or /7 into x = 4sin(t + %TJ .

M1M1 can be implied by candidattisig either(2, 3) or (2, - 3).

Note: these marks can only be awarded together for adatedusing this method.
Al: For both(2, 3) or (-2, 3).
AOAOQ: Candidate cannot achieve the final two markssigg this method. They can, however, achieveethe

2S

marks by subsequently solving theimerator equal to O.
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6.
Vi
Figure 3
Figure 3 shows a sketch of the curve with equation y = ﬁ, 0<x< z.
(14 cosx) 2
The finite region R, shown shaded in Figure 3, is bounded by the curve and the x-axis.
. 2sin2x
The table below shows corresponding values of x and y for y = ———.
(14 cosx)
0 n n 3n m
* 8 4 8 2
y 0 1.17157 1.02280 0
(a) Complete the table above giving the missing value of y to 5 decimal places.
(1)
(b) Use the trapezium rule, with all the values of y in the completed table, to obtain an
estimate for the area of R, giving your answer to 4 decimal places.
3
(c) Using the substitution # = 1 + cos x, or otherwise, show that
2sin 2
Y 4y = 4n(1+cosx) — 4cosx + k
(1 + cosx)
where k is a constant.
6))
(d) Hence calculate the error of the estimate in part (b), giving your answer to 2 significant
figures.
(©))
J
16
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Number
6. (a) 0.73508 Bl cao
(1]
(b) Areaz%xZ—gT ;x[ 0+ 2 their 0.73508 1.17157 1.02280 ] Bl M1
=%x 5.8589... = 1.150392325= 1.15((4 dp) awrt 1.1504| Al [3]
du .
(c) {u=1+cos¢ = — =~ sinx B1
dx -
de = 2(ZSIﬂ)dX sSin2x = 2sinX cox B1
(1+ cosx) 1+ cox )
= ".—4(”_1).(—1)du {z 4J.—(1_”) cu} M1
u u
1
:4“‘(——Jd1=4(lnu—u)+c dm1
u
= 4In(1+ cox) - 4 & cos)+c = 4In(1+ cox) - 4cog +k AG | Al cso [5]
0 Tt Applying limits x =~ and
(d) = {4In(1+ cos—j - 400&} -[ 4lf & cog6- 4cop PPYINg 2 M1
2 2 x = Oeither way round
=[4In1- 0 -[4In2- 4
+4(1- In2)or
= 4-4In2{= 1.227411278}. +(4-4In2) or awrt+1.2, | Al
however found.
Error = |(4- 4In2 - 1.1504/.
|( 7) | awrt 10.0077 Al cso [3]
=0.0770112776..= 0.077 (2< or awrt +6.3(%)
12
€)) B1: 0.73508 correct answer only. Look for this oa table or in the candidate’s working.
(b) B1l: Outside brackets%xg or 1—7; or awrt 0.19¢€

M1: For structure of trapezium rL{Ie ............ ] ; (0 can be implied).

Al: anything that rounds to 1.1504
Bracketing mistake Unlessthefinal answer impliesthat the calculation has been done correctly

Award B1IMOAO for%xz—; + 2(their 0.73508 1.1715¥% 1.022)E (nb: answer of 6.0552).

Award BIMOAO for%xz—; 0+ 0)+ 2( their 0.73508 1.17157 1.022)5 (nb: answer of 5.8589).

Alternative method for part (b): Adding individual trapezia
7 | 0+0.73508 0.73508 1.17157 1.17H57 1.02280 2802 O
Area= g 2 2 ¥ 2 ¥ 2

} = 1.150392325.

B1: g and a divisor of 2 on all terms inside brackets.

M1: One of first and last ordinates, two of theldhe ordinates inside brackets ignoring the 2.
Al: anything that rounds to 1.1504
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du . . dx 1
6. (c) Bl: — =-sinx ordu=-sinx& or—=—— oe.
du -sinx

(d)

B1l: For seeing, applying or implyingin 2x = 2sinx cox
M1: After applying substitution candidate achieves JM (du) or =k IM (cui).
u u

Allow M1 for “invisible” brackets here, eg: JM (du) or + Iw(w) , whereAis a
u u
positive constant.

dM1: An attempt to divide through each termugnd * k J' (1 - ) du — +k(Inu - u)with/without
u

+ ¢. Note that this mark is dependent on the previdlisnark being awarded.

Alternative method: Candidate can also gain this mark for applyinggraéon by parts followed by a
correct method for integratinipu. (See below).

A1: Correctly combines thei# cand” -4 " together to give4|n(1+ c09<) - 4cog + k

As a minimum candidate must write eithéin(1+ cosx) - 4 ¥ cos)+c—- 4lp %t cog- 4crsk

or 4In(1+cox)- 4 & cog)+k - 4l % cog- 4crsk
Note: that this mark is also for a correct solutioiyon
Note: those candidates who attempt to find the vafuewall usually achieve AO.

M1: Substitutes limits ofx :g and x =0 into {4In(1+ cos<) - 4cox} or their answer from part (c) and

subtracts the either way roundNote that: [4In(1+ cosgj - 400%} —[ Iis MO.

Al 4(1- In2) or 4-4In2 or awrt 1.2, however found.

This mark can be implied by the final\eas of either awrtt 0.077 or awrtt 6.3
Al: For either awrtt 0.077 or awrtt 6.3 (for percentage error). Note this mark isafgorrect solution
only. Therefore if there if a candidate substitutasts the incorrect way round and final achievesiélly
fudges) the final correct answer then this marklmawithheld. Note that awrt 6.7 (for percentager) is
AO.
Alter native method for dM1 in part (c)

J'(l;u) du =((1—u)|nu—"’—lnudu} =((1—u)|nu + U Inu —J'E djjz (@ u)lnu+u Inu - u)

or J.%du=((u—1)|nu—J.InudJJ=[(u—1)|nu—(u Inu—J‘E dJB= (G- Dlu-u I +u)

SodM1 is for JM du going to((L-u)Inu +ulnu-u) or ((u-1)Inu-ulnu+u) oe.
u

Alternative method for part (d)

MlAlfor{4J.1(%— jou :}4[|nu—u]12= 4(In1-)-(In2= 2|= f = Inp

2

Alternative method for part (d): Using an extra constant i fromtheir integration.
[4In(1+ cosgj - 4001&; + )\} ~[ 4l6 £ cog6 4cosQh]

A is usually—4, but can be a value &fthat the candidate has found in part (d).

Note: The extra constamd should cancel out and so the candidate can gaihrak marks using this
method, even the final Al cso.
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7. Relative to a fixed origin O, the point 4 has position vector (2i — j + 5k),
the point B has position vector (5i + 2j + 10k),
and the point D has position vector (—i + j + 4Kk).
The line / passes through the points 4 and B.
. —>
(a) Find the vector A4B.
2
(b) Find a vector equation for the line /.
2
(c) Show that the size of the angle BAD is 109°, to the nearest degree.
C))
The points 4, B and D, together with a point C, are the vertices of the parallelogram
ABCD, where A_B> = D_C>
(d) Find the position vector of C.
2
(e) Find the area of the parallelogram ABCD, giving your answer to 3 significant figures.
(©))
(f) Find the shortest distance from the point D to the line /, giving your answer to
3 significant figures.
(2
g J
20

P 4 0 0 8 5 A0 2 0 2 8
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(Nguestlon Scheme Marks
umber
7 OA=2i-j+5% , OB=5+3+1& {OC= 2+ 4+ B} &OD=-i+j+ 4
(a) AB==#((5i+2j+1k ) (2-j+ k)= 8+ 3+ & M1; Al
[2]
2 3 5 3
(b) l:r=|-1]+A|3| or r=| 2|+A|3 See notes M1 Alft
5 5 10 5
[2]
Let & = BAD
Letd be the shortest
distance fronC to|l.
B I
-3 3
(c) 2| orDA=|-2 M1
4 5 -1 1
3) (-3 Applies dot product
3le| 2 formula betweer
_ AB-AD _ 5/ | -1 their (AB or BA) M1
cosf= ——— = o — —
[AB|[AD|  J@P+(@3F+ (P J € 3P+ (2F+ €1f  and their(AD or DA).
cosd =+ -9+6-5 Correct followed througt NG
\/(3)2 + (31 + (5Y \/ 3P+ (2F+ € 1f expression oequation.
-8 Al cso AG
cosfd = ——— = 6=109.029544.= 109 (neares
mm ( awrt 109
- [4]
(d | OC=0D+DC=0D+AB=(-i+]j+4k)+ (3+3+K) V1
OC=O0B+BC=O0B+AD = (5 +2j+1k) + (-3 + 3-k)
S0, 0C = 2i + 4j + K Al
[2]
(e) | AreaABCD = (% (J_43)@/T4)sin10°s) x 2 23.198949 awrt 23.2 | M1; dM1 A1l
(3]
d :
f ——=sin71 or /43d = 23.19894905. M1
O
O d = 14sin71 = 3.537806563 awrt 3.54| Al

[2]
15
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7.(@) | M1: Finding the difference betweddB andOA.
Can be implied by two out of three compasesorrect in3i + 3+ K or —3i — 3 - Xk
Al 3i+3+ XK
(b) M1: An expression of the forr(13 component vectﬁn‘t )I( 3 component ve):
Alft: r :6ﬂ+/](their iﬁ) or r :6I§+A(their iﬁ) .
Note: Candidate must begin writing their lineas or |=... or|y|=... So, Line=... would be AO.
z
(€) | M1 An attempt to find either the vect®D or DA.
Can be implied by two out of three comgrais correct in- i3+ j2k or 3 - 3 +k , respectively.
M1: Applies dot product formula between th(eﬁ or ﬁ) and their(ﬁ or ﬁ)
A1ft: Correct followed through expressionaguation. The dot product must be correctly followed thgu
correctly and the square roots although they camksimplified must be followed through correctly.
Al: Obtains an angle of awrt 1@ correct solution only.
Award the final A1 mark if candidate amles awrt 109 by either taking the dot producteein:
3 -3 -3 3
() [3]and| 2| or (i) | -3|and| - 2|. Ignore if any of these vectors are labelleadinectly.
5 -1 -5 1
Award AO, cso for those candidates whe tidle dot product between:
-3 -3 3 3
@ii)| -3|and| 2| or (iv) |3|and|- 2.
-5 -1 5 1
They will usually find awrt 71 and apply8 awrt 71 to give awrt 109. If these candidafigs a
convincing detailed explanation which must inclueerence to the direction of their vectors thas dan be
given Al cso. If still in doubt, here, send toiesv.
(d) | M1: Applies eitherOD + theirAB or OB + their AD .
This mark can be implied by two out ofet@ircorrectly followed through components in tHei.
Al For2i +4j+ XK.
(€) | M1 I(their AB)(theirCB) sir{ their 109 or 71 from (b. Awrt 11.6 will usually imply this mark.

(f)

dM1: Multiplies this by 2 for the parallelogram. Canibwlied.
Note: 4((their AB + their AB ))( theirCB) siff their 109 or 71 from (p

Al: awrt 23.2

1 — :sin(their109 or 71 from (t))or (their AB) d = (their AreaABCD |
their AD

Award MO for(their AB) in part (f), if the area of their parallelogramgart (e) is
(their AB)( theirCB) .

Award MO for =sin71 or (their\/ﬁ)d = 23.19894905

d
their /43
Al: awrt 3.54
Note: Some candidateswill usetheir answer to part (f) in order to answer part (€).
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7. Alternative method for part (c): Applying the cosine rule:
-1 2 -3 3
AD=0D-OA=| 1|-|-1|=| 2| orDA=|-2 M1: as above.
4 5 -1 1
5 -1 6 -6
DB=0OD-OA=| 2|-| 1|=|1| orBD=| -1
10 4 6 -6
So ‘Kﬁ‘ =43, ‘KIS‘ =14 and‘ﬁﬁ‘ =73
_ 24p2 - 2 -
M1: Cosine rule structure afos¢ =612b—bc assigned
a

(V) + (Vi) - (V7§

Length DE =3.537806563.

110

2+ 31 -1
DE=|-1+3\|-| 1| =|-
5+ 54 4

cosé = NN each of ‘HB‘ ‘E‘ and‘ﬁ‘ in any order as thed, b andc.
A1l: Correct application of cosine rule.
{COSH -_ 16 = 0= 109.029544.}; 109 (nearks Al: awrt 109 (no errors seenAG
243414
Alternative method for part (d):
2 3
OE=|-1|+A|3
5 5
2+ 34 -1 3+ 3
DE=|-1+31|-| 1| =|-2+ 3
5+ 51 4 1+ 5
3+34 3
DE+AB=0= |-2+31|+|3|=0 .
1+ 5] 5 M1: Takes the dot product betwe®iE aland

progresses to find a value af

9+9N - 6+N+ 5+ 3 = O:>/1:—E
43

103

43

dM1: Uses their value ofl to find DE

43
3

43

Al awrt 3.54
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8 E 1 in partial fracti
. (a) Express PG-P) in partial fractions.
3
A team of conservationists is studying the population of meerkats on a nature reserve.
The population is modelled by the differential equation
P 1
—=—P(5-P), t>0
de 15
where P, in thousands, is the population of meerkats and 7 is the time measured in years
since the study began.
Given that when r=0, P=1,
(b) solve the differential equation, giving your answer in the form,
pP= %
b+ce’
where a, b and c are integers.
®
(c) Hence show that the population cannot exceed 5000
(1)
J
24

P 4 0 0 8 5 A 0 2 4 2 8
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Question Scheme Marks
Number
8.(a) |1=A5-P)+BP Can be implied] M1
Azl, B =—1 Either one.| Al
5 5
ving & + b
iving = +
giving P G-P) See notes| Al cao, aef
(3l
1 1
b ———dP = | = B1
() _[P(S -P) ,[15
1 1 _ 1 M1*
gInP—gIn(S— P)—1—5t (+¢) ALft
1 1 1
{t=0,P=1=} glnl—gln(4)=0+c = c=—gln4 dM1*
Using any of the
eg: Tl ZPo) 22 g subtraction (or addition) ./«
5 (5-P 15 5 laws for logarithms
CORRECTLY
in| 22| =1t
5-P 3
eg = o eg>F =¢* Eliminate In’ tly| dM1*
e p P iminate In’s correctly.
gives 4P = 5¢' - Pé — P (4+ & ¥ 58
5e' o
P= i ¢ i ) MakeP the subject{ dM1*
(4+e) |E¢€)
P = —5 —— or P = —25 —— etc. Al
@+4e®) (5+20e%)
(8]
(c) 1+4e%'>1 = P<E So population cannot exceed 5000. Bl
[1]
12
€)) M1: Forming a correct identity. For examples A —(P + BP. Note A andB not referred to in question.
A1l: Either one ofA:E or B= —1.
5 5
Al s G ivalent f 1 tc. | b t ki
2+ or any equivalent form, eg— + , etc. Ignore subsequent working.
P (5-P) yed 95p " 25- g a J

This answer must be stated in part (&).on

1

Al can also be given for a candidate whds both Azé andB = T and é + is seen in their

working.

1 1
Candidate can use ‘cover-up’ rule to write do%n+ = 3 as so gain all three marks.

Candidate cannot gain the marks for part (a) im (te.
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8. (b)

(c)

B1l: Separates variables as showdP and dt should be in the correct positions, though thisknecan be
implied by later working. Ignore the integral rssy
M1*: Both £AInPand+ u In¢ 5+ P ), whered and i are constants.

Or tAInmP andx  Infi¢& 5+ P)), whered, i, mandn are constants.

A1ft: Correct follow through integration of both sideerfrtheir-“iP + (S#P) dP = jK ct
with or without+c
dM1*: Use oft =0and P =1 in an integrated equation containing
dM1*: Using ANY of the subtraction (or addition) laws fogarithms CORRECTLY.
dM1*: Apply logarithms (or take exponentials) to elintmin’'s CORRECTLY from their equation.
dM1*: A full ACCEPTABLE method of rearranging to maRehe subject.(See below for examples!)
Al P = L{Wherea— 5b=1c= .
@+4es)

25
(5+ 206 )
Note: If thefirst method mark (M 1*) is not awarded then the candidate cannot gain any of the six
remaining marksfor thispart of thequestion

Note: 1 ——dP = |15d = |=> ®P=115d = IP- In(5P F 1E is BOM1ALft.
P(5— P) (5 P)

Also allow any “integer” multiples of thexpression. For exampleP? =

dM1* for making P the subject
Notethere arethreetype of manipulations here which are consider ed acceptable to make P the subject.

(nMum—£—=£:P=5é—Pé:wMB§; %:p:_J;r
5-P @+e)
(2) M1 for L N L g A T 51
5-P P P P @+e')
) . 5\ 25 )
@)MHmP@—m=4€:ﬁﬂ—T=—4é:(P~ﬂ-Z=—zﬁ leading t® =

Note: The incorrect manipulation o:fl _P

— —1 or equivalent is awarded this dMO*.
5-P 5

1

Notee (P)-(6-P)=¢€¢ = 2P - 5= %t leading toP = . or equivalent is awarded this dMO*

Bl 1+46*>1 and P<5 and a conclusion relating population (or eM@nor meerkats to 5000.

For P = _ 2 B1 can be awarded f6r+ 20€® > £ and P<5 and a conclusion relating

(5+ 206" )
population (or eve®) or meerkats to 5000.
a

B1 can only be obtained if candidates have cowalctes ofa andb in their P = (b—'lt)
+ce’?

Award BOfor: Ast - oo, e® . 0. SoP - =5, so population cannot exceed 5000,

1+0)

: 5 : : :
unless the candidate also proves tHat= ————— oe. is an increasing function.

@+ 4e* )
If unsure here, then send to review!
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8. Alternative method for part (b)
BIM1*AlL: as before for InP - —1In(5 -P)= = (+¢)
5 5 15
Award 3% M1for n|—"— | =Lt +c
5-P 3
h P
Award 4" M1 for —— = Ae
5-P
d 1 0 1
Award 2" M1 for t=0,P=1= — =A¢’ (= A==
5-1 4
P _ 1 1t
- = _e3
5-P 4
then award the final M1A1 in the same way.




