Quegtion Scheme Marks
Number
2 2 dy dy
5(a) y =2x +15x+10y = 2y—=4x+15+10— M1 Al
dx dx
dy dy 4x+I15
(2_\—10)5—4x+15:>dr— 2y-10 oe M1, Al
4
(b) | Deduces that 2y—-10=0= y=5 B1ft
Substitutes y =5 into y* =2x> +15x+10y = 2x” +15x+25=0 and M1
solves for x
3
(p=)-5(a=)-3 a
3)
(7 marks)
Question Scheme Marks
Number
4(i 4
(i) L Bl
de
dV
5—4?1'?'2 Bl
dv _dr _dr 2 dr
E— ar XED?OE—ﬁlﬂ'XS Xa
ore.g Ml
dr dV dr dr 1
E_ ds X dv 35—?0?!'X4ﬂx52
dr 7
—|=07(cms")oeeg —
(d{] ( Joeeg o Al
4)
ii
) %zisz W= [kar =Lt =k+e MIALI
de h 4
=0, h=4> }Ix44=0+c:>c=64 Ml
£=5,h:6:>£x64:kx5+64:>k:(52) dM1
h:m:%(mf:sznm:r:... dddM1
46.8 (hours) or exacte.g. @, I7a4 Al
13 " 208
6)

(10 marks)




Question Scheme Marks
Number
dy )
s@ | 2o /‘i‘=163"° Han? g tans M1 Al
dx dx/ 2sec” t
/dt
At x =3,tan t =—1= Gradient = -8 dM1 Al
@)
2 2 (x_s)z y
(b) Attempts touse 1 +tan" ¢t =sec” t = 1+ i -3 M1 Al
y=2(x-5)" +8 Al
3)
() 8, f, 32 M1 Al
(2)
(9 marks)
Question
Number Scheme Marks
6(2) 4y’ +3x=6ye ™"
dy
4y’ +3x > 8y—+3 Bl
y ydx
6ye ™ = —12ye™" +6e'2"d—y M1 Al
dx
-2x
syd—y+3=—12ye-“+6e-“d—y=>d—y=—123f +3 e MI Al
dx dx dx 6e -8y
b
®) Sets x =0 in 4y2+3x=6yc'2"zy=%oe Bl
-2x
Substitutes O,EJ in their d_y = 12}_?—-'-3 = [i] M1
2 dx 6e ™" -8y \-2
2 3
m. =—]l=" " p=nZnnTn dM1
" 2 777 2
=—x+—oee —ix+— Al
Yy £y 1 5
(9 marks)
Number Scheme -
1 Attempt at chain rule y2 > y% M1
2 2 dy
Attempt at productrule  3x"y —.x a+...xy Ml
dy 2 dy
i jation 2—8y— A Al
Correct differentiation 2 -8y dx+6xy+3x o 8x
dy 14
: 3y W __14 M1, Al
Substitutes x =3,y =2 = o 1
11
Correct method for normal at (3,2)=>y—2=ﬁ(x—3) dMml1
llx-14y-5=0 Al
(7

(7 marks)




Question :
Number Scheme Marks
2(a) . M1
F 3x (Bl on
EPEN)
dx_dr AV 12 dMIAI
dt  dV dr 3%
(3)
Alternative 1
L 22 M1
I’IZXBDXZI]}:)%:%V 3 (Bl on
EPEN)
dxidxdei ol 4))=
T 41 T 27T 2.2 dM1Al
de dV de 373 3x
Alternative 2
v - M1
d—=3:>]*'=3!+0 (B1 on
! EPEN)
V=x :>x3=5!+c:>3x2;g=5
1
or dM1
b 3 3 = 2 ~ dl
V=x=x=51+c=3x" =5—
dx
dx 5
— = Al
dr 3x°
(b) %— > _ i MIAI
dr 3x4> 48
2)
(5 marks)
Nate thic i« now heinoe markad ac M1IAMIAT nat RIM1A1
(i Scheme Merks
9(a
® States or uses V=7rx42><k:‘>(jj—:=167r B1
States or uses c(li—lj=0.6?r—0.151rh Bl
dv  dV dh dh
a9 06x—o0. 4. i Ml
Attempts to use - X & = 0.67-0.157h =167 x m
%z 12-3h ) e
dt 320
)
dh 12-3h dh 1
®) == = ==
dr 320 12 -3h 320
1 1
- _ - M1 Al
311’1(12 3h) 320t+c
1 21 1 1 1 21
Usest=0, h=0.5 —ghﬁl[y] =c :—gln(12—3h) = mt—gln[T} MI1 Al
. 1 3) 1 1 21 _
Substitutes 4 =3.5 —gln[zj—mt gln[Tjﬁf— dM1
208 minutes cso Al

(6)

(10 marks)




Question

Scheme Marks
Number
1(a) 2y? -3y=7+13=2)"-3y-20=0=>y=... Ml
yz—g and y=4 Al
2)
(b) S Ploay % N
—6xv v,
61}—>i___xdxi___} M1
4}.’%—63(%—6}.':146”'1 Al
4(4)@-6{1—]9-6(4) = 14(:{5]_l Y Mi
dr  (2)dx
ngn—n38uf 1
y-—"4"= T (x 2} M1
Al
38x—13y+33=0
(6)
(8 marks)
a
GQuestion Scheme Marks
Number
4 (a) Attempt at chainrule y2 a...y% M1
Attempt at productrule 2xy—>axgx—y+ﬂy M1
: & dy dy
Correct differentiation 8x+2ya—2y—2xa=24 oe Al
Collectstermsin(zy—zx)% = 24-8x+2y M1
(d_y :j 12-4x+y A
dx y—x
(5)
(b) Sets 12_47)(4_)}:2:;>y:l2—2x Orx:6—ly M
y—Xx 2
. |
Substitute y=12-2xor x= 6—5y into 4x° +y2 —2xy =24x aM1
x* —8x+12=0 oe or y*-8y=0 Al
Solves x=6,y=00rx=2,y=8 ddM1
Chooses a(x)=2,b(y)=8o0rstates (2,8) only Al
()
(10
marks)




Question Scheme Marks
3(a) Vx+3y=4x"+k
) dy dy
x> ..xy—I(+.)or3y—»>3—= M1
¥ yd.x( ) ] o
yl,\c—>2xyd—y+y2 Al
dx
2 dy
wt3y=4x"+k —>..+3—=8x Al
dx
2xyd—y+y3+3d—y=8x:>d—y:... dM1
dx dx dx
dy 8x-y°
220y e Al
dx 2xy+3
(5)
B | Y_=8x-4=0>x=.. M1
dx
1
=_ Al
P=3
k—22xl+3x2—4xl— M1
= 1=
kE="T7 Al
4)
%‘;ﬁ%g? Scheme Marks
2(a) States or uses S =6x> or «:;_5:4 Bl
t
2 ds
States or uses S =6x" and d_=4 Bl
!
Attempts to use E=£xE::>4:12xxE::>Ez... M1
dr dx dt dr dr
dx 1
4)
(b) States or uses d—V=3x2 Bl
dx
Attempts to use ﬂzﬂxﬁ:Q:szxL:x M1
dt dx dr dt 3x
1
ey OV 05 Al
dr

3




Question
Number Scheme Marks
dy _ -2x dy -2x
5@ | g ¢ 3 e 3 BIMI Al
-2x
(e_u—Zy)d—y=2ye_2 3= d—y=2)_)i 3. Al*
dx e -2y
4
(b) Puts x =0 into the equation of the curve = y = y2 =>y=1 Bl
Attempts tangent at (0,0) or (0,1) y=3xor y=-5x+1 M1 Al
1
Solves y =3x with y=—5x+1:>R=[§,%) dM1 Al
®)
(9 marks)




Question

Scheme Marks
Number
AandBarewherey=0s0
8(a) ' —9%=0=1(t"-9)=0=>¢r=3 (0Oand-3) Mi
Substitutes r=3 inx=3*4+2x3=15B(15,0) Al*
Bl
A=(3,0)
(3)
8(a) T A (L
ALT Usesanswerx=15: ? +2r=15=¢r=3 (-5) M1
Substitutes r =3 in y=I3—9r=27—27=0 v B(15,0) AT*
Bl
A=(3.0)
(3)
d
(5) & %;_3:2—9
dx dx/  2t+2
7
: : dv 37-9 dy_9
Substitutes r=3into & = g_Z
ubstitutes 3|n0dx 5 " i a M1 Al
.. 9 .
) th — with ( t d t t t
ses their 4wu (15.0) to produce tangent equation dMI AT
9x—-4y—-135=0
(4)
(c) Substitutes x=+2¢, y=¢*—9¢ intotheir 9x—4y-135=0
=9(> +21)-4(> -91)-135=0 M1
=41 -9 =54t +135=0
—= (2 =6+9)(41+15)=0 dM1
15
f=—? Al
105 1215
Coordinat fX _—
oordinates o are( T; e ) dMI1Al
(5)

(12 marks)




i R s
2(a)
x=2=>4-8y+y’ =13=(y’-8y-9=0>)y= M1
y=9 Al
(2)
(b) 2* 3Pn2 Bl
dy 5 dy
~dxy—>-4x—-4y OR y*52y—2 Ml
Xy e =3 ) e
dy dy
2'In2-4x—=2—4y+2y—==0 Al
& D W
d‘(2» 4x) 4y-— 21n2:>ﬁz M1
dx
dy 4y-2"In2 dy 2°In2-4y dy In2e"™™* -4y
dy _ o e A Al
dx 2y—-4x dx 4x-2y dx 4x-2y
(5)
(c) ) 4(9)-2%In2
T
36— 41 2 Ml
:> ‘,_"9" n l!( _2)
_,,=03o:gngwu(x_aw". v
_4n2+9 - _8In2-I8
~2In2-18 B X= 4n2+36 Al
3)
Total 10
Question Scheme Marks
3 8x’ -3y +2xy=9
Either 3v2—>kyd—y or 2 —>0{v+ﬁxg M1
3 3 xy : i
Both 3y2—>kvg and 2xy—>ay+ﬂxg dM1
" dx dx
8x3—3y3+2xv:9—>24x2—6v9+2v+2xﬁzo Al
; ' " dx
dy dy dy 53
2,5):96-302 410442 =02 - | =22
i dx dx dx ( 13} e
dy 53 dx 13
— =L£20r —=— 0.€ Al
dr 13 dy 53
13,
Normal: y-5="-— (x 2) M1
53
13x+53y—-291=0 Al
(7)
(7 marks)




Question Scheme Marks
Number
3 SyQ:xc ’ —>_[8yc-"1dy=_[xdx B1
dx
4’ =1 (+c) MIA1
5
4= B +c>c= dM1
2 _n x-17 Al
) 8
(5 marks)
R1: Senarates the variahles correctlv with some indication of infeeration
Question Scheme Marks
Number
2(a) 2" >2'1n2 Bl
2 dy
y —>...ya Ml
4x°y > ___/\‘2%4—__,\‘}: MI
dy > dy x
3+10y—=—+ 4x"—+8xy = 10x2 In2 Al
) &x o )
(10 o+ 4x3)3 — 10x 2 In2-3-8xy =¥ _ Ml
) o ) or
dy  10x 2 In2-3-8xy
dy _ X n ? X) Al
dx 10y+ 4x°
(6)
2(b) Atx=0 5" =45= y=3
dy  10x2'In2-3-8x0x3 10In2-3 MI Al
X:O_)J,-‘:3:>— = N =
10x3+ 4x0° 30
(2)




Question Scheme Marks
7@ g:r.:osr+6czos!si1:n' d—y:3cosr—2sinr B1B1
dt dr
d_y=d_yx£= 3cost —2sint _ 3cosx —2sinx _3 MIAT*
dc dtr dx cost+6costsint  cosx+6cosasing
4)
(b) When t=7z, x=-3, y=-2 Bl
y_“_2“=3(x_“_3ll) Ml
y=3x+7 Al
(3)
© y=3Jc+’?:>3si11t+2cos.z=3(sint—3t:os.2 t)+7 or
M1
y=3[x+3coszt)+2cost::>3x+7=3x+9c052t+2c05t
=9cos’t+2cost—7=0 * Al*
(2)
@ cost:% Bl
yo3x 20T 2 14 MIAL
9 9 3 9
(3)
(12 marks)
Question Scheme Marks
3 8x' -3y +2xy=9
Either 3y2—)kyd—y or 2xy—>ay+ﬂxd—y M1
dx dx
2 dy dy
Both 3y° —>ky— and 2xy > ay+ fx— dM1
dx dx
8x3—3y2+2xy=9—>24x2—6yd—y+2y+2xd—y=0 Al
dx dx
d d d 53
(2,5):96-302 +10+42 0= 2 = | =22 M1
dx dx dx 13
dy 53 de 13
—=—0r —=— 0.e. Al
dx 13 dy 53
" ]3"
Normal: y—5= _E (x—2) M1
13x+53y—-291=0 Al
(7)

(7 marks)




Question Scheme Marks
Number
2 2 dy dy
5(a) y =2x +15x+10y = 2y——=4x+15+10— M1 Al
dx dx
dy dy 4x+15
2v-10)—=4x+1 e
( y O)dx X+ 5:>d]c 2y-10 oe M1, Al
4)
(b) | Deduces that 2y—-10=0= y=5 B1ft
Substitutes y =5 into y* =2x> +15x+10y = 2x” +15x+25=0 and M1
solves for x
5
(p=)-5(a=)-3 Al
3)
(7 marks)
Question Scheme Marks
Number
9(a)(i) dy s
dy _ /d¢ _3sin”zcost MIAL
dx_dJ/ ~ —4sin2¢
dr
3sin’ 7cos?  3sin’ fcost 3.
. = : = —=sint
—4sin 2t —8sin7cost 8
ore.g. Al
3. s
3sin’ £ cos B Esm fsint .
—4sin2t  —4sin2t 8
(ii) T ]
= - = Bl
t 3 = x=1 y 2
3 . (x 3 |
- - —_—=—— ) — o — —l
" 851“(6) 16 5= 160 Mi
3x+16y-5=0 * Al*
(6)
(b) 3(2cos2t)+16(sin’1)-5=0 Ml
6(1-2sin’ 1) +16sin’1-5=0 dM1
16sin’r—12sin’t+1=0 Al
(25inr—l)2(4sinr+l)=0:>sinr=—£ ddM1
sinlz—i:x:2cos21:” and y=sin’r=.. dddM1
7 1
Q[Z’_HJ Al
(6)
(12 marks)




Question Scheme Marks
Number
1(a) 2y? -3y=7+13=2)"-3y-20=0=>y=... M1
5
y=-3 and y=4 Al
(2)
(b) 2 dy
2y —>43-a BI
—61}’_>+ xQ—F y M1
L.x L.
4}.s3—6xﬁ—6}.’=14e”" Al
dx dx
5 Ml
4(4)Q—6 1 Q—6(4)=14c(3] :Qz
dx 2 )dx dx
J',_”4H=H£H X—l Ml
13 2
Al
38x—13y+33=0
(6)
(8 marks)
Question Scheme Marks
Number
2 drV
a BI
|4 =i7ﬂ’3 — di:él;z’r2 Bl
dr
k= x I Ml
dt
d.*‘_ +k Eoﬁ:%\/* Al*

At Anr dt

(4 marks)




Question

Scheme Marks
Number
AandBarewherey=0s0
8(a) ' —9%=0=1(t"-9)=0=>¢r=3 (0Oand-3) Mi
Substitutes r=3 inx=3*4+2x3=15B(15,0) Al*
Bl
A=(3,0)
(3)
8(a) T A (L
ALT Usesanswerx=15: ? +2r=15=¢r=3 (-5) M1
Substitutes r =3 in y=I3—9r=27—27=0 v B(15,0) AT*
Bl
A=(3.0)
(3)
d
(5) & %;_3:2—9
dx dx/  2t+2
7
: : dv 37-9 dy_9
Substitutes r=3into & = g_Z
ubstitutes 3|n0dx 5 " i a M1 Al
.. 9 .
) th — with ( t d t t t
ses their 4wu (15.0) to produce tangent equation dMI AT
9x—-4y—-135=0
(4)
(c) Substitutes x=+2¢, y=¢*—9¢ intotheir 9x—4y-135=0
=9(> +21)-4(> -91)-135=0 M1
=41 -9 =54t +135=0
—= (2 =6+9)(41+15)=0 dM1
15
f=—? Al
105 1215
Coordinat fX _—
oordinates o are( T; e ) dMI1Al
(5)

(12 marks)




Question

Nindser Scheme Marks
5(a) v -x+4x’y =k
)’3%3)*2% M1
4y > By + AxT M1
X"y xy +4x <.
y3—xz+4x2y=k:>3y2%—2x+8xy+4x2%=0 Al
(32445 |2 258 M1
X |=—=—=2x-8x
y dr g
dy  2x-8xy "y
dx 3y° +4x°
(5)
b
) %:71 at P M1
dy e "
Uses a‘zil and y = x to set up and solve equation in x, y or ‘p
2 M1 Al
2 o -
3p +4p
eg k="2"-"2"+4x"2" ddM1
k=36 Al
(5)

(10 marks)




Question

Number Scheme Marks
4 (a) Attempt at chainrule y2 %...y% MI
Attempt at productrule 2xy—>axgx—y+ﬂy M1
Correctdifferentiation 8x+2y%—2y—2x%=24 oe Al
Collectstermsin(zy—zx)% = 24-8x+2y M1
(d_y =j 12-4x+y A
dx y—x
()
(b) Sets 12_47x+y:2:>y:12—2x Orx=6—ly M1
y—x 2
Substitute y=12-2xor x= 6—%)} into 4x° +y2 —2xy =24x adM1
x*—8x+12=0 oe or y*-8y=0 Al
Solves x=6,y=00rx=2,y=8 ddM1
Chooses a(x)=2,b(y)=8orstates (2,8) only Al
()
(10

marks)




Question

Number Scheme Marks
3(a) Attempts a correct identity
3x’ +8x> —3x—6=(Ax+ B) x(x+3)+ C(x+3) +Dx  o.e. Mi
Correct method for two constantse.g. x=0,x=-3= C=...,D=... dM1
Two correct constants e.g. C =-2 and D=2 Al
Correct method to find all four constants (e.g. by comparing coefficients) ddM1
A=3,B=-1,C=-2,D=2 Al
2 2 (5)
b =3x-1-—+—
® | g =3x-1-24—
2 2
=g(x)=3+5- 3 M1 Alft
X (x + 3)
(2)
2 2 2 2
(©) Explains that (if x > 0) —> 580 —————5>0and = g'(x) >3 Bl
X (x+3) X (x+3)
(1)
(8 marks)
3&81)' Via division
Attempts to divide 3x” 4+ 8x” —3x—6by x” +3x forming a linear quotient Ml
Correct method for two constants implied by quotient of 3x +... dM1
Correct quotient 3x—1 Al
Correct method to find all four constants (e.g. uses PF on _rem ) ddM1
x(x+3)
A=3,B=-1,C=-2,D=2 Al

(©)




"
SUESTe Scheme Marks
Number
4 (a) Attempt at chainrule y2 %...y% MI
Attempt at productrule 2xy—>axgx—y+ﬂy M1
. L dy dy
Correctdifferentiation 8x+2ya—2y—2xa=24 oe Al
CoIIectstermsin(Zy—Zx)% = 24-8x+2y M1
(d_y =j 12-dx+y A
dx y—x
(5)
(b) Sets 12ZMHY 5 _12-0x or x=6-1y M1
y—x 2
. |
Substitute y=12-2xor x= 6—5y into 4x° +y2 —2xy =24x aM1
x*—8x+12=0 oe or y*-8y=0 Al
Solves x=6,y=00rx=2,y=8 ddM1
Chooses a(x)=2,b(y)=8orstates (2,8) only Al
(5)
(10
marks)
Question Scheme Marks
1 E.g xy° —)(...+)2xy% or x"‘y—)(...+)x"‘% but see notes. M1
2 2 d_y 2 2d_y
Xy =y +kxydx or Xy > kxy+x & dM1
2 dy _ by
y +2xydx—2xy+x & e Al
2 d_y= 2 d_y=y2—2xy dy =32—12= o
(< ~20) =¥ 2= C—2xy d, 22-12 .
32+2x2x3d—y :2x2x3+22d—y :>d—y :ﬂ:...
dx|, de|, dx|[, 4-12
Tangent is y—3="§"(x—2) dM1
=3x-8y+18=0 Al

(6)
(6 marks)




Question Scheme Marks
3(®) “_ s BI
dt
Aznxzz%zbrx B1
dv_d4 d4_"-05 (:—_1] Ml
d dr dx "2mx" 4rrx
£=—0.011368... Alcso
dt
4)
(b) V =7x*(3x) =37zx B1
LA Blft
dx
CL AN e D (=-2.25x) M1
dt dx dr 4rx
av 3
(E :J—Q = (Rate of decrease =)9 (rnm s ) Al
4)
(8 marks)
Question Scheme Marks
4@ | (1=)25+7 Bl
(1)
1
(b) (S =% +)7rr 25+r' = e 2rr+ |25+ 71 +ﬂr.i(25+ rz) 2
dr 2 Ml
1
2 2 dS ] 2 A Al
Or (S =xr +)7r 2577 +r' | —=27r+ 7{.—(25r‘ +r4) : x(50r+4r3)
dr 2
b . ds - | -3 (M1
S=m\l>=-25))+xlJI’ =25 = | — =27l + zr,/!' <25 +xl.—(1? -25} &2
( ( )) [ d/ J 2( ) Al)
ds_ds dr_ a
dt dr dr
=81.5 (sz /min) Al
(4)

(5 marks)




%ii%g;l Scheme Marks
6 (a) y=x"""=1Iny=sinxInx B1
Differentiates ld_y = Smx+lnxcosx M1 M1 Al
y dx X
d_y:m+ ylnxcosx oe Al
dx X
(5)
dy sin x
(b) Puts —=0= +Inxcosx=0 Ml
dx x
Smx+xlnx=0:>tanx+xh1x=0* Al*
coS X
(2)
(7 marks)
Question Scheme Marks
Number
2(a) . Ml
E =3x (Bl on
EPEN)
dr_dv dF_ 3 dMI1Al
de dV dr  3x?
(3)
Alternative 1
1 2
= d« 1, -3 M1
o 3 _ 173 23
V=x"=x=I :>dV-3I (B1 on
EPEN)
dx dx 8 dlV 5 5
TN 417 =T 175353 dM1A1
de dV dr 33 3x
Alternative 2
- M1
dr . /
d—z.‘):}I":.‘J!'FC (Bl on
! EPEN)
V=x :>x3=5!+c:>3xzij£=5
{
or dM1
- 3 3_ = 2 = dt
V=x=x=51+c=3x" =5—
dx
dx 5
=== Al
dr 3x°
(b) _ 5 _ 5 MIALI
di 3x4> 48
(2)
(5 marks)
Nate thic i« now heinoe markad ac M1IAMIAT nat RIM1A1




%?1?1%2? Scheme Marks
6@ For correct parameter t=§ or x coordinate at P x =4 B1
o Yy —asin2e
Ly dt —4Sin
—= = MI1 Al
dx dx/ 3sec’ ¢
dt
. 2 2 8 dM1 Al
Equation of tangent y—O:—E(x—4):>y=—§x+§
(%)
® | k=1-y3 Bl
1
(c) _l'n fn 2 M] Al
(2)
(8 marks)
uestion
?\I Scheme Marks
umber
d4 =~ d4 dr
Oneof —=—, —= , = 2
5. 720 o 27x I 187x Bl
dA =~ d4 dV
Twoof —=-—, —= = 2
%20 & 27X, o 187x Bl
d4 7 d4 dr
All three of — , — = , - 2
7 -0 @ 27X . 187x Bl
Main
Full attempt to find d—I:
E.Q. & . d—V E dA—lS:rxzx—l x 2= K
dr  dx o dA” dr 27x 20
dV dV | 9
Finds —atx=2 —_— = 2y =
P x=2= P 1872 X35 =107 dM1Al
(6 marks)
Note that the M1 may be found in two steps:
diy dr dx
E. IFlnds—from dd_d4 dx to)lowedb =X
9 dr  dv di Y dx dr
dr dr dV drv d4
EgIIFlnds—froma=axafollowedbyI Y RarTY
d4 «
Alt 20 Bl
3 1
y=6xx, A=mit >V =6x(2) T=9(2) B1, B
V4 dA T
1
v _dv dd _ dv _ (é)g z
dr — d4 " dr 7 dr z] " 20 M1
x=2= A=4x S 2, dMIAT
df licaz 10
(6 marks)




Question

Number Scheme Marks
5(a) v -x+4x’y =k
3 zd'
y =3y a% M1
2 2 dy
4x"y —> 8xy+4x” ) MIl
y;—x2+4x2y=k:>3y2%—2x+8x}’+4x2%=0 Al
(352440 | D2y g M1
: gl S, T
Yy qe oy
:>dy 2x—8xy
My -2 4 % Al
dx 3y +4x
(5)
b
() %:—1 at P M1
dy B 6
Uses a’=il and y = x to set up and solve equation in x, y or ‘p
: MI1 Al
2 o, -
3p +4p
eg k="2"-"2"+4x"2" ddM1
k=36 Al
(5)
(10 marks)
Question Scheme Marks
Number
S(a) ’
e.g. LA N . i v ey g (i) [ Ml
h 30 30 3 3 \5
ATk Al*
75
)
(b) . Azkd dV 127k’ | Azk?
75 dh 75 25
V=15x60x2r
3
1807 = 21 1 3375 = 1= (15) M
%:dh dV:LxZﬁ:“_ M
de dV dr 12z x15”
1 -1
— (cm s
TR ) Al
4)
Total 6




Question Scheme Marks
4@ | (1=)\25+7° Bl
8Y)
(b) (S =Tr’ +)m‘ 254 #7 (ﬁ =2ﬁr+]ﬁm+nr.l(25+r:);.2r
dr 2 M1
A Al
Or (S =7 +) 251> + —>(d5=2m+Jn.](25r3 +rt) 2x(50r+4r°)
dr 2
2 2 ds - 2 1 2 {7 (M1
(S:Jr(l —25))+7r1 T :(Ezfrprjm/f —25+7r1.5(! 25 2 ple
a5 _dSodr 4 M1
dt dr dr
=81.5 (cml /min) Al
4
(5 marks)
ATl Scheme Marks
Number
4 (a) Attempt at chainrule y2 %...y% MI
Attempt at productrule 2xy—>ax%+ﬂy M1
, s dy dy
Correctdifferentiation 8x+2ya—2y—2xa=24 oe Al
Collects termsin (2y—2x)% = 24-8x+2y M1
(d_y =] 12-4x+y A
dx y—x
()
(b) Sets 12_47x+y=2:>y=12—2x Orx=6—ly M1
y—x 2
. |
Substitute y=12-2xor x=6— Ey into 4x° +y2 —2xy =24x aM1
x*—8x+12=0 oe or y*-8y=0 Al
Solves x=6,y=00rx=2,y=8 ddM1
Chooses a(x)=2,b(y)=8orstates (2,8) only Al
()
(10
marks)




Question
Number Scheme Marks
4(a) |AandBarewhere ' —4t=0=>1t(t’ -4)=0=>t=20r-2 Ml
Substitutes 1t =2,x=2x4—-6x2=—-4 Hence 4=(-4,0) Al
When ¢ =-2,x=2x4-6x-2=20,(y=0)Hence B=(20,0) * B1*
3
dy /
d_y_ /dt 3P -4
(b) & do  4-6 MI1Al
/dt
. dy 31°—4 . ( 4)
=-2into —=——— t={-= M1
Sub ¢ into — S —¢ = gradien Z
Uses their (—%) and (20,0) to produce eqn of tangent =7y +4x—-80=0* | M1 Al*
&)
(c) Substitutes x =2¢* —6¢,y =t’ —4t,into 7y +4x—-80=0
= 7(¢* —4t)+4(2¢* - 61)-80=0 M1
=7t +8t*-52t-80=0 Al
= (t+2)*(7t-20)=0
t="?"ﬁx=.... dM1
40
4)
(12 marks)
Question Scheme Marks
4(a) A=—5"(0-sin0) 3%:—(1450059) M1
de
dA 2
—=—5(1—c036) Al
dé
2)
(b) 401 B1
dr
dt dé dr
dA 25
— =—]1-cos— |x0.1
de 2 [ Jx e
§ .
= g (cm~ per second) Al
4)
(6 marks)




4(a) A=Lis (a—sme) :%=£(1ic059) M1
2 dg 2
E=2—5(1—coslS’) Al
dé 2
2)
(b) 49 o1 Bl
dt
dA dA d@
o N el B1
de dé . dr o
%:%(l—cos-g-}xo.l M1
5 2
= 3 (cm* per second) Al
4)
(6 marks)




Question

Scheme Marks
Number
dy -1 dx_ 2 :[d_y:]_ 2t+5
2@ L a Ty w 2es T \ax ) 2@y MIA]
2t+5 >
Sets — —=—4=8 +14t+3=0
2(1+1) MIA]
:>(4t+1)(2t+3)=0:>r=—%:>(y=)% dMIAT
(6)
(b)()) |a=2.b=5 Bl
dx 1 2 i 2
Area = —dr=] — dr = dr M1AT
_[ ydt r+lx2t+5 J. (1+1)(2¢+5)
2 2
2 A B
T = + =>A=..,B=..
L ((+1)(2r+5) (e+1) (2+5) "
2 4
- % _ % Al
(t+1) (2t+5)
[ BN 2 ln|t+1|—gln|2t+5| MIATft
J (t+1) (2t+5 3
°5
2 dt—[—ln6—21n15]—(21n3—%1n9]
J, (1+1)(21+5) 3 3 3 3
dMI1AT
2 6 | 36
=—In| — [==In
3 5 3 25
(9)

(15 marks)




Question Scheme Marks
4@ 16x° —9ke’y + 8" =875
(8)y’ = (8%)3y° & Bl
dx
—9kc2y—>...iayi...-9kﬁjx—y Mi
48;:’—131100;—91@;2d—y+24y’d—y=0:>d—y(24y2 —9kx2)=18kty—48x’=>d—y=... M1
dx dx dx dx
_ 2
d_}’:M * Al*
dx 8y’ —3kx
(4)
(b) 2
d 5 Gk(;Jy_lf’[;]
Exz=0,x=—=> e =0 or
8y? -3k
Y (2) M1
5 5 (5
x===16| = | —9%| = | y+8y°=875
15ky ~100=0 or ZSO—Zi—Sky+8y3=87S Al
5Y 5)(20 20Y 64
E.g. 16(—] —91{—] (—]+3(—] =875k’ =... (:—J:k:
2 2) 3k 3k 27 Ml
4
k==
3 Al
4)
(8 marks)
%‘:;;t]iz:-l Scheme Marks
1/x20" x24
3@ Attempts to find /ST =20 seconds MI Al
2
dv 2 8
b —=h = Ml
(b) Attempts W h +3h
Vo dv dha 2 8 dh
Attempts to use E—Exaﬁlﬁﬂ—[fz +§h)xa M1 Al
, (o 40\ dh _dh 96 ;
Substitutes 1 =5=> 160—[5 + 3 )x TR TR T (4.2) cmss dM1 Al
6]

(7 marks)




Question
Number Scheme Marks
S(a) ’
e.g. izgzrzgthzlﬁrEhzlﬂ[%h] h Ml
h 30 30 3 3 15
3
75
2)
(b) drh* AV 12zk* ( 4xk’
75 dh 75 25
V=15x60x27x
3
180;:::47”—;’:%:3 =3375=h=_.(15) M
dh  dh dV 75
Em T o o=
di _dV di _ 12ax15 " Mi
1 -1
— (cms
3 ) Al
4
Total 6
Question
Number Scheme Notes Marks
3(a) 3y" =11x" +11xy =20y - 36x + 28
:ﬁygz—22x+11xd—y+1]y=20d—y—36
dx dx dx
dx
dy
MI: -
llxy —> pxdx +qy
Al: All correct
(6y+llx—20)d—y=22x—lly—36:>d—y=...
dx dx Ml
Collects terms in %y (must be 3 and from the appropriate terms) and makes %the subject
& _22x-1ly-36 C t i t equivalent Al
dr = 6y+11x—20 orrect expression or correct equivalen
(5)
®) Substitutes x = 4 into C to obtain a 3TQ
x=4=3y"~176+44y =20y 144+ 28 ir:‘ys‘ esx = mio L looblaima Ml
3)y°+24y-60=0=>y=... Solves for y M1
y=-10 (,2) Correct value Al
" _10)_)d_y— 88+110-36 Substltuteilx=4 and their negative y i
: dx  —60+44-20 into their Ey
dy _ 9
-2 Correct value Al
(5)
Total 10




uestion
?\I Scheme Marks
umber
d4d =z dA dl
Oneof —=—_, —= , — = 2
5. 720 o 27x I 187x Bl
d4d ~ d4 dr
Twoof =—=Z2, == , — = 2
720 @ 27X e 187 x Bl
dA r d4 dr
All three of — , — = , - 2
5 20 T 27X o 187x Bl
Main
Full attempt to find d—It/
Eg W _dV dv dd_ o a1 7 M
P T dx o dd 2zx 20
dr dr 1 9
Finds — at 2D — = 2
P X= = 18727 80 lOﬂ dMTAl
(6 marks)
Note that the M1 may be found in two steps:
dV dV dx
E. IFlnds—fromdA d4_ & followedb =
9 dr _ dx  dr Y T
dv dVv dV di¥ d4
EgIIFmdS—froma axafollowedby = a
d4d =«
Alt 20 Bl
3 1
I/'=6;',3'x3,A=Jr'z'x2:>V=6;'1’(£)2 a¥ :f)(é)2 B1, Bl
T dA T
1
v _dv d4_ dv _ 9(£)5x£
At dA dr  dr z) 20 M1
x=2=A=4x SN L dMIAT
dt A=4x 10
(6 marks)
%iﬁtl;g? Scheme Marks
S5(a . 2
@ e.g. "—=£:>r=£h:>V=lm“3h=l:r[gh] h Ml
h 30 30 3 3715
;.’zﬁ* Al*
75
(2)
(b) Y R | 2 127rh3[ 4;rh3J
- YL - Bl
75 dh 75 25
'=15x60x2r
3
1so;r_4fz’ — 1 =3375= h=..(15) M
di _dndV 75
TR T T N Ll Mi
1 I
ﬁ(cms ) Al
4)
Total 6




Question Scheme Marks
Number
2 dv
4 4 )
V=—mr —>—=4zr
3 dr =
, dr
+hk=Ar x — M1
dz
dr +k - Eo{: L? v Al*
dr 4nr? d r
(4 marks)
QNl:]e;ttl)E? Scheme Marks
(@) States or uses S =6x or c(ljS =4 Bl
t
: s ds
States or uses S =6x" and . =4 B1
t
/-'&ttemptstousegz£ E:>4 12x xE:E: M1
de  dx dt dt dr
dx 1
dr  3x i
4)
(b) States or uses Y — Ax” Bl
Attempts to use ﬂfﬂ Ejﬂ::’)x:xi:x‘ M1
dt dx dr dt 3%
1
dl B 7 Al
dr
(3)
uestion
?\lumber Scheme Marks
. . d dy
3 Differentiates wrtx  3*In3+6 2 = 3y +3xy— Bl
dr BI, ML Al
Substitutes (2, 3) AND rearranges to getd—y orviceversa M1 AT
x )
_z _ _
:9ln3+6dy 27 18dy dy 9In3—-2 =6ln3 9: 9+1In729 Al
dx  dx 12 8 8
(7)

(7 marks)




Question

Number Scheme Marks
2(a) 2" 52"1n2 Bl
2 dy
y _>'"J/E Ml
4’y > ..x° %4— XY M1
dy > dy x
3410y—+ 4x —+8xy = 10x2 In2 Al
S orm FRL
(10 )+ 4x2)2 — 10x 2 In2-3-8xy =¥ _ Ml
) m Y D=
dy  10x 2 In2-3-8xy
dy _ X n : X) Al
dx 10y+ 4x°
(6)
2(b) Atx=0 5" =45=y=3
dy  10x2 In2-3-8x0x3 10In2-3 M1 Al

x:O_}};‘:3:}— = N =
10x3+ 4x0° 30

@)




Question

Scheme Marks
Number
dy -1 dx_ 2 :[d_y:]_ 2t+5
2@ L a Ty w 2es T \ax ) 2@y MIA]
2t+5 >
Sets — —=—4=8 +14t+3=0
2(1+1) MIA]
:>(4t+1)(2t+3)=0:>r=—%:>(y=)% dMIAT
(6)
(b)()) |a=2.b=5 Bl
dx 1 2 i 2
Area = —dr=] — dr = dr M1AT
_[ ydt r+lx2t+5 J. (1+1)(2¢+5)
2 2
2 A B
T = + =>A=..,B=..
L ((+1)(2r+5) (e+1) (2+5) "
2 4
- % _ % Al
(t+1) (2t+5)
[ BN 2 ln|t+1|—gln|2t+5| MIATft
J (t+1) (2t+5 3
°5
2 dt—[—ln6—21n15]—(21n3—%1n9]
J, (1+1)(21+5) 3 3 3 3
dMI1AT
2 6 | 36
=—In| — [==In
3 5 3 25
(9)

(15 marks)




Question

9(a)

(b)

()

Scheme Marks
i(1+21ny)_2=a(l+21ny)_3xﬁ=L3 M1
dy y y(1+2mny)

. PN
y(1+21ny)3 5
L L L L ()]
dy 3
3cosec(2x)——=y(1+2Iny)
dx
:»I...dyz-[ksin(2x)dx or I%dy=]...dx
y(1+21ny)
and
M1
=>I...dy='[ksin(2x)dx=>...=Ac052xoe
or
o Brrvermee ] e
y(1+21ny) (1+21ny)
A : C
= | ————5dy=| Bsin(2x)dx > ———— = Dcos2xoe M1
y(l+21ny) (1+21ny)
One side integrated correctly
3 3 1 1
y(1+2lny) 4(1+2lny) y(1+21ny) 4(1+21ny) AL
or
1. 1 . 1
I§s1n(2x)dx= —gcos(Zx) oe,Ism(2x)dx= —Ecos(Zx) oe
3 1 1 1
———————=——c08(2x)(+c) or ————— =——cos(2x)(+c
e “@
y=1 x—E:—#——lcos[£)+c:c— M1
6 7 4(1+2m1) 2 \3
—#‘?=—lcos(2x)—l or —;‘?=—lcos(2x)—l Al
4(1+2mny)” 2 4(1+2Iny)” 6 6
3 1 1 3 1 1 2
- =——008(2X) -~ = —————— =—+—cos(2x) =cos" x
4(1+2mny)" 2 2 4(1+2lny) 2 2 (2x) M1
:(1+2lny)2=§se02x=>1ny=l £secx—l
4 2( 2 ddM1
Depends on both previous method marks.
i 1
o Al

=>y=e? 2

®)




4@ Area of one face =%x><xx sin60°=%x2£ oe M1
So surface area of icosahedron is 20x£x =54/3x% * Al*
)
(b) a_ dv _15 ;
™ 1043 anddx (3+\/§)x M1
dar dV dx _dV d4
=—t—=_. M1
Py VR
2
s (),
12x10+/3x 83
3)
(c) d4
—=0.025 B1
dt
v _dv d4 (3+~/§)x
~—F—x0.025=...
dr dA dr 8\/?: .
Wh 2, — a7 2(3+J_) 0.025
enx = =——F%x0.025=...
83
awrt 0.019 (cm’s™) Al
3)
(8 marks)

3(a) yx+3y=4x"+k

—..xy—|+...Jor 3y 53—
yx xydx( ) or 3y o M1
21-)2 d—y-l- 2 Al
N xydx ) 4
dy
wt3y=4x+k = ... +3==8x Al
dy =, ,dy dy
2xy—+y +3—=8x=>—=
Iydx y 45 X - dM1
dy 8x-
i oe Al
dx 2xy+3
(5)
(b) Y _o=8rdepx=.. M1
dx
1
™ Al
2
k=22xl+3x2—4xl= M1
2 4
k=7 Al

)




Question
Number Scheme Marks
4- ,’
@ 207 BI
dt
dv 2
= - Bl
O d7r
dV dr dr r
7 dr d—:>707r—47rx5 xd—
ore.g Ml
E=dp><drr:>£=?0iz'>< l =
de  dr dV ~ dt A x5
dr 7
Z1=07(msHoeeg —
(df] (cms)oeeg 10 Al
“4)
) CLIRLIENY PRNTAY [ PRLYS o MIAI
dr h 4
t=0, h=4> }IX44:O+C:>C:64 Ml
!=5,h=6:>%x64=kx5+64:>k=(52) dM1
h=10:>%(10)4=52T+64:>T=___ dddM1
. 609 9744
46.8 (hours) or exacte.g. —, —— Al
13 208

©6)

(10 marks)




Question Scheme Marks
Number
9(a)(i) dy .
dy _ /d¢ _3sin"zcost MIAT
dx dx/  —4sin2¢
Y
3sin’7cost  3sin’ tcost 2).
. 2 : =—sint
—4sin 2t —8sinfcost 8
ore.g. Al
3. 2¢si
3sinzrcost_§5m Ib]m———sim
—4sin2t  —4sin2t 8
(ii) r 1
= 5 ¥ = =— Bl
t c = x=1 y 3
3 T 3
= _- B = (x-1
" Ssm(6] s =Y 5= 160 Mi
3x+16y—-5=0 * Al*
(6)
(b) 3(2c0s21)+16(sin’r)-5=0 MI
6(1-2sin 1) +16sin’t-5=0 dM1
16sin’ t—12sin”7+1=0 Al
(2sinr—l)2(4sinr+l)=0:>sinr=—£ ddMm1
sim:—i:)x=20052r:_ and y=sin’s=.. dddM1
7 1
Q(E’_Q] Al
(6)
(12 marks)
Question Scheme Marks
Number
3 Sy—J=xc vy —>j8})c-"zd})=jxdx B1
4’ =% (+c) MIAL1
53
4=? +c=>c= dM1
2 _n x-17 Al
) 8
(5 marks)

R1: Senarates the variahles correctlv with some indication of inteeration




%uestlon Scheme Marks
umber
11 (a) (.7c+y)J +10y* =108x
Differentiates 10)° to ZOy% Bl
. y 3 2 dy
Differentiates (x+y) to 3(x+y) l+a M1
2 dy dy
3(x+y) {1+5J+20ya=108 Al
3(;.c+y)zd—y+2()yd—y=108—3(x+y)2 dM1
dx dx
dy  108-3(x+y)
S PPV Al*
20y +3(x+y)
)
(b) Deduces that P and Q are where 108-3(x+ y)2 =0=(x+ y)2 =36 M1
. . k|
Attempts to substitute (x+y)=i6 into (x+y) +10y* =108x to form dM1
an equation in y (or x)
Solves 216+10y* =108(6— y)and finds the negative root ddM1
Awrt 13900 metres Al
)
(9 marks)
Question )
Number Scheme Marks
2(a)
x=2:>478.\'+y1=l3:>()'278’\'79=0:)y=... Ml
y=9 Al
(2)
(b) 2" —>2'In2 B1
dy 5 dy
dxy>-dx—=-4y OR y >2y—= Ml
xy = —dx-——4) y o2y
: dy dy
2'In2—-4x——-4y+2y—=0 Al
AR
Q(zy—zlx):@—z-‘ m2=2 L, M1
dx dx
dy_4y-2"In2 dy_2'In2-4y dy _In2e""’ -4y i
dr 2y-4x T dx-2y T d4x-2y
()]
(c) dy 4(9)-2"In2
(A = s
N 2(9;64(51) 2 Ml
n "n__n Ik n ”n _
= A 0 (x-2)
v 0y BT, o
_4m2+9 - —8ln2-18
“2m2-18Zo “E T amT4ag Al
(3
Total 10




Question

Number Scheme Marks
. . dy > dy Bl
Differentiateswrtx  3'In3+6-—=2y" +3xy—
3 a2 T g BI, ML, Al
Substitutes (2, 3) AND rearranges to getd—y orvice versa
dx M1AI,
391n3+6d7y:g+18d7y:d7y79ln3—%:6ln3—9:—9+ln729 Al

dx  dx 12 8 8

(7)

(7 marks)




