Q3 Scheme Marks AOs
(a) Haxy=9 h:y=mx+ec
(mx+e)=9=m+cx—9=0 M1 3la
discriminant = 0 = > —4m(-9) =0
c+36m=0 Al 21
(2)
(b) Cy=32xr=a=8=Q1s(-8.0) Bl 22a
Substitute mnto [}, =2 0=-8m+c = c=8morm =%
9 M1 1.1b
(8m)*+36m=0o0rc’+s¢=0
64m® +36m=0= 4m(16m +9) =0 =m=-—orc=—3=m=—= Al 1.1b
. 1_16 -
Gradient of I, = —, =g Or exact equivalents Alft 22a
(4)
Alternative (using eguation of tangent)
CyV=32x=a=8=Qi1s(-8.0) Bl 22a
1}—9=>dt— x:orxch_+_1 ICJ::ad_f . and x =3¢} e 2
; . M1 1.1b
hisy—-=—5&-30orx+ 2fy =6t
(-8.0)= —> =3 (-8~3) or -8 =61
4
3t="8-3r=6i=-8=1t=—7
0 9, f 0 Al 1.1b
D 0 - == a2
SoPis (4, __Ja.ndg:mdlthQ Srara i T
. . ) 1 16 ]
Gradient of [> 15 —, =7 orexact equivalents Alft 22a
(4)

(6 marks)




Q2 Scheme Marks AOs
(a) L.
23 +y 1 5=0
- B M1 34
|T —_ IT p—
z(ﬁ); 50.72)-5=0= (F)o_
(£2) 222207 am min) Al | 11b
0 2
2)
(b) (u) AT g 7200t M1 34
dr 0 k= 0.25°
AT Sl Y ~ Y17 ¥
(E)o v =0 AT M1 34
10.04375 By TV, 036~ Y-y,
1040375 & 2y, M1 22a
¥y & 5201875
5.2 (km) Al 1.1b
4
(6 marks)

Notes
(a)

M1: Uses the model by substituting yg = 5 and (%)f 0.72 into the given differential equation and obtains a

d: .
value for (—:)
dr= 0

Al: 0.7 o2

(b)

M1: Uses approximation formula with yop = 5, their (%)0 and their / to obtain an equation in y; and y-1
M1: Uses approximation formula with (%)0 and their / to obtain an equation in y; and y;

M1: Solves their simultaneous equations to obtain a value for y;

Al: 5200 m or 5.2 (km)




Question

Number Scheme Marks
3
XHx-2< l x+ 2
2 2
2" +x-9<0 M1
12473
CVs x=—— Al
4
—xi—:vc—i-l-«::l:vc+2 M1
2 2
23 43x+1>0 (2x+1)(x+1)>0 M1
1
CVs x=—=, -1 Al
2
—_l_ﬁ{x{—l, —l{x{—_l+ﬁ MI1Al
2 4
[7]
No algebra implies no marks
NB The first 3 marks can all be awarded 1f equations rather than imnequalities are shown
M1 Obtain and solve a 3TQ (any valid method including calculator)
Al 2 correct CVs Allow decimal equivalents (1.886..., -2.386...), min 3 sf, rounded or truncated
M1 Multiply either side by -1
M1 Obtain and solve a 3TQ (any valid method including calculator)
Al 2 correct CVs
M1 Form 2 double inequalities with their CVs. No overlap between these inequalities.
Correct inequality signs required here or for final mark
Al Correct inequalities obtained. Values must be exact, but note that 0.5 15 exact.

Allow “and” but not """ . May be written 1n set language with """ and round brackets




4.

Question
Number Scheme Marks
1(a 3 , 2
) LI A L S I MIML1
dv dx dx”
d’y &y
F:—_smr—j——jx o Al (3)
(b 3
) i§=—3x5=—15 Bl (1)
c 2,
(<) Y oxsi2-2 Bl
2
- 5 5 3 .
‘1-‘=2—:1.1'+x‘—?x MIA1 (3)
[7]
(a) Accept the dashed notation throughout this question.
Mi Differentiate 3x j_v with respeect to x. The product rule must be used for 1% with at least
N
one term correct
. . dy d*y d'y .
M1 Differentiate : and 2cos x. } —>—; 2cosx —> E2sinx
dx” - dx
d’y dy dv) . , . d’y
Al : =-3x J,' + Y 2sinx. Give A0 if not rearranged to have —'J; =..
dx de”  dx dx
(b)
d3}, =—15 provided 3 terms in result i (a)
Bl dx3 - - P £:
(c)
2
B1 fl; =2 can be implied by a correct x* term in the expansion
3 } v
M1 Use of a correct Taylor expansion with their values for w and K 2lor2, 3lor 6
s 5
Al y=2+5x+x" —?3\'3 Must melude y = ... or f(x) = .. provided f(x) has been defined to be y
somewhere in the work.




Question

Number Scheme Marks
: d 1 dz dv 1 —=dz
4(a) vi=z7 = 2}';1———2— o g —=——z " "— Bl
dr 2 dx d 2 &
2y— +-’-¥}=]=1534:_14
1dz 4 6x
= M1
F F “
& 4r——bx ¥ Al¥ (3
dx
(b) ]:F=c'4dx=e—4r Bl
- A
EJI[E—ilzj:e_“ —6x
dc )
ze ' —6J.xe_4xd\x M1
:—6|:——xeqx+Jle_qrdxi| M1
4
=—6[——xe“f—ie“f] (+¢) Al
4 6 of
=—xe 4+ e (4¢)
3 4x
z=5x+—+ce oe Al (5)
ALT & z=—6x
dx
m-4=0=>m=4= CFis z=dAe" Bl
PI. z=A+ux M1
E—;r::a;f—zl[,H,uxl——E-r
™ ;
3 3
4u=6 44i=pu, :>IH=E__X{=E M1,A1
z=1.&r+i+zje"’r Al
2 8




Question

Kumber Scheme Marks
(a)
Bl Correct derivative seen explicitly or used
M1 Substitutions made. Only award when an equation in x and 7 only 1s reached (1f working
equation [ to II) or an equation in x and v 1s reached (1if working II to I)
Al ¥ Correct result obtained with no errors in working
(b)
Bl Correct IF seen explicitly or used
M1 Multiply through by their IF and integrate the LHS. Accept I for e™* on LHS only
M1 Apply parts in the correct direction to RHS to obtain
. 3 3
Ave™ 4+ B[e™dx with A== and B= J_r%
Al Correct integration of EHS, constant not needed
Al Include the constant and treat it correctly. Answer in formz=_..
ALT
Bl Correct CF May not be seen until GS is formed
M1 For a PI of the correct form
M1 Dhfferentiate their PI, substitute in the equation and extract 2 equations for the unknowns
Al Solve the two equations to obtain correct values for the unknowns

Al

Correct GS obtained




Question
6(a)

Scheme Marks
-2 1 3 _
dB=| 1| gc=l-1| Be=| 2 TwumrrecthH Bl
Can be negatives of those shown
1 3 2
MI1: Attempt cross product of two
i) k (4 vectors Iying in JT (At least one
-2 1 1= no. to be correct.) M1 Al
I -13 1 Al: Correct normal vector
(4) (1
_ Attempt scalar product with their
Tie2|=4+1443
1 * 3 normal and a point in the plane dM1
dx+Ty+z=21 Cao (o€) Al
(3)
Alternative 1
a+2b+3c=d
—a+3b+d4c=d Correct equations Bl
2a+h+6c=d
4 1 1 M1: Scolve for a. b and ¢ 1n terms
a—id bzgd C—Ea’ of d MI1 Al
Al: Correct equations
d=21=a=.._. b=__c= Obtains values fora. b, c and d M1
dx+Ty+z=21 Cao (oe) Al
(3)
Alternative 2: Using r =a+sb+fc where b and ¢ are vectors in /7
Two correct vectors in the plane See main scheme Bl
x 1 —2 1
z 3 1 3
x=1-25+¢
y=2+s5—t¢ Deduce 3 cormrect equations Al
z=3+5+3¢
Ax+7 =21 - Elinm
X+7y+z M1: Elinunate 5. ¢ M1 Al

Al: Cao

&)




Question Scheme Marks
6(h) AD=AB = AC Attempt suitable triple product M1
4 (k-1
=|T|e 2 |=4F—-4+144+11
1 11
1 .
M1: Set — (their triple product) = 6
~L(ar+21)=6 g (her P ) dMl
6 . Al
Al: Correct equation
k=$ Cao (0¢) Al
)
Alternative
Area ABC
l——= 1
:E‘A‘B”AC':EJEJH Attempt area ABC and distance M1
between DandlT
Dto ITis 4k+28+14-21
\ﬁ6+49 +1
) Ak 2841421 M1: Set %(theirare.axtheir
+io+la— dM1
—J6:i1 =6 , -
6 J16+49+1 distance) =6 Al
Al: Correct equation
= % Cao (0e) Al
)
{9 marks)
©) 2 6 -2
a=4—Al=2|_3 3 0 Correct mnverse (follow through their Blf
matrix from (a))
1 -3 2
) 2 6 —-23)12-64
_ _ Attempt to multiply the parametric form
6 X 3 O 4+24 of I by their inverse Mi
1 -3 2 )1 6+34
6-A
=|—4+44 Correct parametric form Al
2-4
6 -1
_|_ Correct equation (allow equivalent
g j 4 ;1 forms) but if given as I = ... award A0 Al

“




Question Scheme Marks
Number
(a) 2 & o 4o dy _ xb' _ bcosé
a b de dc ya* asin@ ML Al
y—bsiné = —3§$G(x—acos9) Ml
Uses cos” 8+sin” 6 =1 to give Lo L oA Alcso
B ©)
M1
®) Gradient of circle is —% and equation of tangent is
sin
: cosé : ;
y—asinf= =g (x—acos@) or sets a = b in previous answer
So ysinf+xcosf=a Al
(&)
(©) Eliminate x or y to give ysinf(2-1)=0o0r xcosf(2-1)=b-a Ml
Al.B1
l,and I, meetat (—2—.0 ¢
A g ( cosé ) ®
(d) The locus of R is part of the line y =0, such that x>a andx <-a B1.BI
Or clearly labelled sketch. &)
Accept “real axis” (11 marks)
Notes

alM1: Finding gradient in terms of &. Must use calculus.

alAl: cao

a2M1: Finding equation of tangent

a2A1l: cso (answer given). Need to get cos” & +sin’ & on the same side.
b1M1: Finding gradient and equation of tangent. or setting a =5.

blAl: cao need not be simplified.

cIM1: As scheme

clAl: x=—2 _neednot be simplified.
cos &

c1B1: y =0, need not be simplified.
d1B1: Identifying locus as y =0 or real/"x” axis.
d2B1: Depends on previous B mark. identifies correct parts of y = 0. Condone use of strict

inequalities.




Question Scheme Marks AOs
du , du d’u
u=x = —=3xr,—=61.— =6 M1 1.1b
dx dxe” dx
. dv dv . . v
v=sinfx=> —=kcoskx,.—=-k" mnh,—3=—k3cosh:
dx dr” dv
& & M1 2.1
S =K sinke, L =k coshe
dx de”
d‘:l: =k’ coskr+5%3x x k¥ sin b + 5i4 xﬁ_rx(—kj coskr:l+
dx s 2 M1 | 21
x * i T .
x 6~k sin kx|
:(-_Ji'clxz—:’5(]]&3_1{(:[:5Ji:1r+15[-_1i:;_1r3—4_\]&:J sin ko Al 1.1b
4
(4 marks)
Notes

M1: Differentiates u = x° three times. Need to see ¥ —..x" —..X =k

M1: Uses v = sinfx to establish the form of the derivatives. Need to see at least alternating
Je--sinkx and k--coskx with increasing powers of k for at least 3 derivatives.

M1: Uses a correct formula with 2 and 3! (or 6) with terms shown to disappear after the fourth
term. This needs to be a correct application of the theorem so that the correct binomial
coefticients need to go with the correct pairings of their derivatives. If there is any doubt, at least
3 terms should have the correct structure. Allow equivalent notation for the binomial coefficients

(5[5 S 5

eg.| || |ete.or C,, C, etc.
\0/"\1

Al: Correct expression in the required form with correct values of 4, B and C. Apply 1sw if

necessary e.g. if a correct expression is followed by 4 =60, B=15, C= —4
(NBA4=-60,B=15C= —-4)

If there is no use of Lebnitz’s theorem e.g. repeated differentiation of products, this scores
no marks.




Qs Scheme Marks AOs
(a) Asx—3 —4+T+3x = (—4+ J1+3(5)=) 0 and
X =242 - 255 (625-600—-25=)0 Bl 21
which leads to the indeterminate form of %

(1)

(b) Letting f(x) = VI 3x = (1 + 3x)2 I

on 1 13 R V7| WO SN Al

F@=301+3070) =5 W=7 (} (1+3x)723) e
£5)=V6=4 f(=g==2 ('()=—ag=—os ML | Lib
- VT E 8 ) D6 - :

. -ar .. 3 o9 ) M1 25
f{x)=f(a)+(.\'—a}f(a)+{r:fj— £7(@)+ . =4+ G- -5 E=-3+.. Al L1b

(5)
(c) e B - Cae) B e ) eE M1 294

Yoo ¥ — 22— 5 ’
= 24— 25=(2 =293+ Do (x = 9)(x + 2+ 1) Bl 1.1b
I L e o e A1 > 9a
¢ oM2-25 0 G-I+ @Sl +1) i o
o i (YR § 3 Al 1.1b
’m.nl:i’% (x*—24x3— :5) TN +1) 2080 .

4

(d) 2'(x) = 4x° — 48x Bl 1.1b
. —4+T+3xy _ . ﬁ
_,lfi_’% {x‘ — M2 25) N L“% (413 - 43‘(3) Ml L1
_3 _3 Alf 2.1
260 2080
(3)

(13 marks)




