%‘:;;tgg? Scheme Marks
6(a) 4y* +3x=6ye™"
4y2+3x—)8y%+3 Bl
6ye ™ ——12ye™* +6c'2"% Ml Al
=2x
sy P 13=—t2petppen Yo B 1206 743 M1 Al
dx dx 6e " -8y
(&)
b
®) Sets x=0 in 4y2+3x=6ye'2":>y=%oe Bl
=2x
Substitutes [O,EJ in their d_y = 12}_?—-'-3 =(1J M1
2 dx 6e -8y \-2
mN =_1+Hizll: y =|l%l|x+"%" dMl
2 3 6 3
=ZXx+> oeeg y=—x+= Al
IRy ORI
@
(9 marks)
(1%]111]?1‘[];2? Scheme Marks
") %=e“ BI
1
24 ol
e 2 [“’E] du
—— dx= - X M1
(2¢-1) @y [, 1
2
_ 24u+12—2x 2 d _J 48u+20 du—J 12u+5 "
(2;‘!)2 2u+1 4’ Qu+1) w(Qu+1) Al
x=ln3—>a=%, x=ln8—>b=g Bl
“4)
(a) Note that apart from the limits, this is a given answer so check the work carefully.




(b) 12u+5=AQu+1)+Bu(Qu+1)+Cu’ => A=..or B=..orC=...
ore.g. M1
12u+5=(2B+C)u’ +(2A+ B)u+A=>A=..or B=..or C=..
20f 4=5,B=2.C=-4 Al
i+ 24 Al
uw o ou (Qu+l)
3)
(b)
MI1: Attempts to find at least one of the values for 4, B and C by multiplying up and substituting
values or by multiplying up and comparing coetficients.
When multiplying up must have at least one of the terms on the rhs correct for their lhs.
Al: Twoof A=5 B=2,C=-4
Al 2 4 5 2 4
woou (Qu+l) u u (Qu+1)
If the correct fractions are not seen in part (b), allow this mark to score if the correct fractions
are seen in part (¢).
(c)
J— =- du==5u""+2Inu-2InQu+1) (+c) MI1ALlft
u (2u+l)
_ 75
[-5u™ +2Inu—2In(2u+1) | .
=(-5x7.5" +2In7.5-21In(16)) - (-5x2.5™ +21n2.5-2In(6))
or
. n8 dM1
=5 t:'*—l +21In ex—l —2In(2 ex—l +1)
2 2 2 o
=(—5x 757 +21n?_5—21n(16))—(—5x2_5-‘ +2In25 —21n(6))
i+l {81] Al
3 64
“4)
(11 marks)
Question Scheme Marks
Number
2(a) 2" 52" In2 Bl
2 dy
y = '"J/E MI
4x’y - )._%-i- Xy M1
dy 2 dy x
3+10y—+ 4x"—+8xy = 10x2 In2 Al
) o o )
2 d}' d}’
10,,+4)_ 10x 2 In2-3-8xy > = Ml
( y+ 4dx o x 2 In Xy ”
dy _ 10x 2 ln2—3}—8xy Al
dx 10y + 4x°
(6)




2(b) Atx=0 5" =45= y=3
dy  10x2'In2-3-8x0x3 10In2-3 M1 Al
x=0,y=3=>— = - =
10x3+ 4x0° 30
(2)
Question Scheme Marks
Number
9a) Ly
Volume=l44ﬁj B Gvoreg x 12(ﬂ] dx BI
0o X +3x+5 X +3x+5
]
N 20
l44;r[ln(x +3x+5)JU M1
=1447r(ln465—ln5)=1447rln93(units3) dMI1Al
(C))
(a)
(b) 1447 [ In(x* +3x+5) | =360
}'2'[1'1()( + 23X+ )]F T
- 144;r(1n465—1n(p2 +3p+5)) =3607
ore.g.
Let p=20-a: l44;1r'[lr1(3(2+3x—7~5)]_U =360x
20-a
= 1447 (In465-1In((20-a)’ +3(20-a)+5)) = 3607
or e.g. MI
” 20—a
1447 [ln(r +3x+5)]{ =14471n93-3607
:>144fr(ln((20—a)2+3(20—a)+5)—1n5)=144Jr1n93—3607r
or e.g.
1447 [ln(f +3x+5)l’: =14471n93- 3607
= 144Jr(lr1(p2 +3p+5)-In 5): 14471093 -3607
5 465 2 465
—=In| ——— |De?’=———
2 p-+3p+5 p +3p+5
= p’+3p+5-465¢ 2 =0= p=...
ore.g.
n @ —43a+465) 14471n93-3607
5 - 1447
5 - 1441n93-360 1441n93-360 dM1
::»M:e( . ]302—4304—465—56( s ]=O:>a=___
)
ore.g.
In P +3p+5 _ 14471n93-3607
5 - 1447
3 - 1441n93-360 1441In93-360
3%=e( 4 ]:>p2+3p+5—56( s ]=O:> p=..
a=awrt 15.5 Al
3)
(7 marks)
h




Question
Numbiz Scheme Marks
5x+10 _ A B
1(a) (]_x)(2+3x)_1_x+2+3x:>ValueforA0rB M1
One correct value, either A=3 or B=4 Al
Correct PF form .5 + ? Al
1-x 2+3x
3
A = 2
(b)(i) E:A(l—x) :A[l+x+x‘+...J B1
-1 2 2
B 3x| _|B 3x  (-1)(-2)[ 3x ._B|, 3x_ 9x )
TR e et s
2 4 3x 9x2
f(x)= 3>{l+x+x +...J+ 5 177+T+ M1
=5+ g X Al
6)
g 2
b)) | |x|< 5 B1
(1)
(9 marks)
Question Scheme Marks
Number
6 Assumption:
e.g. (Assume) "n’ —4n+5 is even and n is even' Bl
Sets e.g. n=2k and attempts (2!{)2 —4(2k)+5 Ml
4K —8k + 5 (oe for their n) Al
Completes proof with:
(1) Statement "which is odd"
(i1) Reason odd E.g. 4(:'\',2 - 2k)+ 5
ore.g. 4(;’(2 —2k+1)+1
oreg 2(2k%-4k+2)+1 Al*
oreg. (2k- 2)2 +1
Condone 4k —8k +5 = even— even + odd = odd
(1i1) A (minimal) conclusion e.g.
“Hence contradiction”, “so proven”, “the statement is true” etc.
(4 marks)




Question

Number Scheme Marks
“ (2.3.-7) BI
(1)
®) 1) (4
Attempts | 2 |¢| —1 :l><4+2x~»1+2><8:(18) M1
2 8
Attempts ab =|a||b|cos9; 18=4/1 +2 +2 x /4' +(—l)h +8 cosd dM1
2
cosd =3 Al
3
(c) Uses A=6 to find length PQ  E.g.
PO =6i+12j+12k = PQ = 62+122+122:(18) -
Or PQ=6x41 +2 +2° =(18)
1 1 .2 Al
Area OPR = 5absmC=§xl8 x [1—- 3 :54\j§ Ml Al
(3)
(d) Attempts a correct method of finding at least one value for u e.g.
(4;1)‘ - +(8y)‘ =6 +12° +12°
M1
"18"
i o 2 2 2 - (i)Z
\/4 +(-1) +8
2 4
Attempts one correct position r=| 3|+2|-1 dM1
-7 8
Possible coordinates (1(), i 9) and (—6,5,—23) Al
(3)

(10 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

Number Scheme Marks
9 (i) Attempts two of AB=b-a, AC =c—aand BC = c—b either way around M1
Attempts c¢—b=2x(b-a)oesuchas c—a=3x(b-a) dMm1
=>c=3b-2a* Al *
(3)
s 2
(ii) Assume that there exists a number n that isn't a multiple of 3 yet 7 is a multiple of 3 Bl
If n is not a multiple of 3 then m =3p+1or m=3p+2 (p € N) giving
2 2 2 M1
m =(3p+1) =9p +6p+1
Or m2=(3p+2)2=9p2+12p+4=3(3p2+4p+1)+1 M1 Al
(Bp+1)' =9p° +15,c:v+1(=3(31c:v2 +2p)+1) is one more than a multiple of 3
(3 p+ 2)2 =9 p2 +12p+4is not a multiple of 3 as 3 does not divide into 4 (exactly)
2
Hence if n is a multiple of 3 then n is a multiple of 3 Al
(5

(8 marks)




Question

Scheme Marks
Number
dy -1 dx_ 2 :[d_y:]_ 2t+5
2@ L a Ty w 2es T \ax ) 2@y MIAI
2t+5 2
Sets — —=—4=8 +14t+3=0
2(1+1)° MIAT
:>(4t+1)(2t+3)=0:>r=—%:>(y=)% dMIAT
(6)
(b)()) |a=2.b=5 Bl
d 12 i 2
Area = —dr=] — dr = dr M1A]
_[ 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)
F B4 2
dr== ln|t+1|——ln|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)_1 (36
=ZIn| — |=—=In
3 (5) 3 \25
(9)
(15 marks)
Neal jeheme Marks
1(a) | 3 Y3
(8—3x) 3 :E(l_gx) Bl
(122 et 22): T2 e
8 21 8 31 8
o1 T, 7
(8—3x) 3:§+Ex+ax +@x + Al Al
o : 4)
Lo1(2), 1(2Y 7 (2) . _2851 _ (agsiY"
E*E(ﬂ*a(ﬂ @(ﬂ “=Siga = 6= (vag) = M1
_ 5184 & Al
= 2851 O 2851
(2)
Total 6




Question Scheme Marks
S(a) xlcos2xdx=x2.lsin2x— 2x.lsin2xdx Wl
X 2 Al
—lesin2x— —lXCOSZX— —10052xdx M1
‘er i 2
= 1x1 sin 2x+ixcos 2x— lsin 2x (+c) Al
2 2 4
4)
(b) :lj_} t” cos” P Iy 9 ar orJ‘y dy= J.t cos’ tdt B1
t
y M1;
—=.. 5 W t* +1’ cos 2t dt
E ' 2,[ M1
8. B3 . 1 N
ve=—1"+—| —t"8in 2t +—tcos 2t ——sin 2t -
6 2[2 2 4 ) i -
:>y3=lt3+§fsin2t+§tc052t—§sin21+c Alft
(5
(9 marks)
%‘:ﬁiﬁg? Scheme Marks
I(a) 2y’ -3y=T7+13=2)" -3y-20=0=> y=... Ml
5
y=-3 and y=4 Al
(2)
b d
(b) 2y2—>4yay Bl
dy
—6xy >+ . x—=+ ...
Xy . Yy M1
4y Y 6y Y6y o162 Al
dx dx
E 1
4(4)dy 6 119 _6(4) = 14e Gh o M
2 Jdx dx
38 1
_II4IF:IF_IF —_ Ml
Y 13 (x 2]
Al
38x—-13y+33=0
(6)
(8 marks)




%‘:ﬁ?ﬁg? Scheme Marks
3@ B=6x47 =3 Bl
3x(-l i]=—l:A=3 M1 Al
20\ 4) 4 3
(=3x( %)(_L_l)(szz(zi M1 Al
2 4 32
(5
3(b) -6<x, 6 Blft
: ()
() coefficient of x° is 3Ix (_L)(_ A)(__) (ij = M1
31 4
3
1152 Al
(2)
Question Scheme Marks
Number
—6) (—4
7.(a) Attempts BAIIBC | 2|e| 3|=24+6+15=45 M]
-3 -5
Attempts to apply aeb =|a||b|cos§ = 45=7x/50cos® | dMI
cosf = ﬂ oe Al
14
(3)
2
(b) | Attempts sing= 1—[%] M
Attempts to apply \a|\b|sin9=7x\/5_0x‘{?;_4 M1
Area ABCD = 5417 Al
(3)
(6 marks)




(]iuestion Scheme Marks
umber
8(a) +(—6i+4j—k—(-10i+5j—4k)) M1
eg r=—10i+5j—4k+ A(4i—j+3Kk)
Al
eg r=—6i+4j—k+A(4i—j+3k)
2)
(b) 343u=—-6=pu=-3 Ml
p+r12=4=p=.. or g—3=-1=>qg=.. dM1
3)
(c) (4i-j+3k) (3i-4j+k)=12+4+3 Ml
(4i—j+3K)(3i—4j+k) =2626cos0 =19 = cosd = .. Ml
(cos@ =) % Al
3)
d
@ AC = ABsin@ = 26 I—{E] M1
34910
0.e Al
26
2)
Total 10
AR Scheme Marks
Number
4 (a) Attempt at chainrule y2 %...y% MI
Attempt at productrule 21y—>axjx—y+ﬂy M1
. L dy dy
Correctdifferentiation 8x+2ya—2y—2xa=24 oe Al
Collectstermsin(zy—zx)% = 24-8x+2y M1
(d_y =j 12-d4x+y A
dx y—x
(5)
(b) Sets 12_47x+y:2:>y:l2—2x Orx=6—ly M1
y—x 2
. |
Substitute y=12-2xor x= 6—5y into 4x>+y’ —2xy =24x dM1
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
(3)
(10

marks)




Question S
Number Scheme Marks
6 (a)(i) ﬁ=(i)[(Si+3j—7k)—(2i—3j+5k)}=... M1
AB =6i+6j—12k Al
2 1 8 6
(i) r=|-3|+A| 1| oe.suchasr=| 3|+A 6 Blft
5 -2 =7 -12
3)
2+A-3
(b) Attempts +CP=+| -34A-5 M1
5-20-2
1 A—1 1
CPek| 1|=0=| -8 [ek| 1 =0:>l(?\.—l)+1(l—8)—2(—21+3):0
Alt: (A=1) +(2-8) +(-22+3) =64>-301+74=6 1-3] 33
2 2
:>7t—E use of AB in CP ivesﬁ;—i u%eof@l—i ':)ri—7 Al
2 ‘ AL T A 2 12
2 5 : 2): 1
ap | 2 & ddM1, Al
OP=| <3 -0-2 1 7i-35]
5 -2 (5)
(8 marks)
Question Scheme Marks
Number
4(a) 1-4x° =l—%x4x2 Bl
11 2\ 11 J\
—x—Ex(—4x ) ) ZX_EX 2x(—4x ) Mi
2 © 3!
=1-2x"-2x" —4x" +... Al, Al
C))
(b) 1 2 4 6
Substitutes X = — into both sides of (a) e.g.\/iz1_2x(l] _z[lJ _4(l] M1
4 4 4 4 4
J3~1.7324 cao Al
2)
(6 marks)




?\]l:l?lzg? Scheme Marks
2 dr
— =+
4 2
V=—nr —>—=4zr Bl
3 r
+k = Ar’ x dr MI
dr
dr_ 2k _dr 1. Al*
dt  4xr’ de  #*
(4 marks)
Question Scheme Marks
7
(@) E:cos:f+6(;05!si1:|r 3—y:3cosr—2sin! B1B1
t
d_y=d_yxﬁ= 3cost—23m.t _ 3coszr—231n.:r _3 MIAL*
de dt dx cost+6costsint  cosz+6cosmsing
4)
(b) When t=m, x=-3, y=-2 Bl
y_“_2“=3(x_“_3ll) Ml
y=3x+7 Al
3
(© y:3)c+’}":>3sint+2t:c»51r:3(s'mr—3cos2 t)+? or
M1
y:3(x+3c052£)+2cost:>3x+7:3x+9coslr+2005r
=9cos’t+2cost—7=0 * Al*
(2)
(@ cost:% B1
y:_’:x—\/§+2xz:—4\6+E MiAl
9 9 3 9
3

(12 marks)




Question Scheme Marks
Number
5(a) 2 _ 2(1 —r)—(—12(3 +21) _ 5 _ and Q: by
dr (1-12) (I-1) dr
Att=2= d—“"’=—(_”_><(72(2))=i MIAIL
dx 5 5
(=7,-3) Bl
y+3=%(x+7) Mi
Al
Sx=4y+23=0
)
(b) L322 x-3
11—t Cx+2 M1
=l_(x—3]'=(x+2)‘—(x’—3)‘ _ le—_‘}’ dMIAT
x+2 (x+2) (x+2)°
x#-2 Bl
4)
(9 marks)
P NS ') <
%:ﬁ;gg: Scheme Marks
T(a) k(9t+5
Substitutes x =3 and r = 0 into x= ( ) Ml
4t+3
:3:%:.&:1.8 * Al*
(2)
(b) 4050 Bl
(1
(¢) 3 :é+ B
x(9—2x)_ x 9-2x Ml
Either A—l or .B—E Al
3 3
3 :i+ 2
9x-22 3x 3(9-2) .
(3)




¥ dx 3
3—:x(9—2x):> —2  dx=|ar
dr x(9—2x)
Or
M1 Alft
dx 1 1
3—:x(9—2x):> —dx= | =dt
dr x(9—2x) 3
:>llnx—lln(9—2x):t(+c) or lln)c—]—ln(Q—Z)c):l:‘(Jrc)
3 3 9 9 3
Substitutes r =0, x=3=c=0 Ml
l l X 3t
—gln.r—gln(‘)—lx):fD{Q_ZA_]ze ddM1
Ve =e_3':>2_—2=e_3r:~x= 94,* Al*
x X 2+e
(5)
(e) 4500 Bl
(1)
(12 marks)
Question )
Number Scheme Marks
l(a) 1 1 ’% 3
[———x] =8(1-2x) Bl
4
{3, e —HERD(E)
2 2 2 2 2
(1-2x) 2 =1+(-2)(-2x)+ 5) C2x) + T (—2x) + M1 Al
3
G—%XJ " =8+424x+60x" +140x° + Al, Al
6]
(b) n=2 Bl
(1)
(c) 2
(l-lxj . vi-lx2 Bl
4 2 16 4 4
1
(11_{]- =[11x+1x2)(8+24x+60x2 +140x° +...)
4 2 16 4 4 M1
1 1 o | 1 1 1
=8x—+24xx—+60x’ x ——8x—x—24xX — x+8X — x°
16 16 4 4 4
—l—lx—lx2+ Al
\2 2
(3)
Total 9




%‘:ﬁ:ﬁ:? Scheme Marks
1(a) | 3\
8—3x) 3 =—|1-= Bl
(3-3x) =2 (1-2x)
3\ 3 L300 30 =d(-E-D)(=4-2)( 30
I->x | =1+(-})[->x|+ (- )——x + (C=1( )——x +.. | Ml
8 8 21 8 3 g
(8—3x)_; =—4+ Lx+ LX:-O-LXS-O- Al Al
2 16 64 1536
4)
(b) 11 (2) 1(2Y 7 (2 2851 -1
- 2851
| S+ ]+ —| S|+ = e = 22| =
2 16(3] 64(3] 1536(3] siga = Vo [5134] Ml
:& or l@ Al
2851 2851
(2)
Total 6
QNILE;;{I;Z? Scheme Marks
4 (a) a=3,b=5 B1
dx du 2
Egu= 2x+1:>a=u or a=(2x+l) 2 o.e. B1
I ./8x+4e‘mdx=j 2ue udu M1
5 5 U
=I 2u e du Al
4)
(b) j ./sx+4e“"dx:J' 2 e’ du
= 2u:e"fJ‘ due du M1
= =2’%" —(4“63" —4e" ] =2u’e —4ue +4e dM1 Alft
JD Bx+4 cm dx= [Zulcu —dye’ +4e” ] = {5(){:i ~%0e + 4(:5]—(1&:3 ~12¢ + 493] ddM1
—34e ~10e Al
(5)
(9 marks)




Question Scheme Marks
9 For question 9 many variations on the proof are possible. Below is a general outline
with some examples, which cover many cases. If you see an approach you do not know
how to score, consult your team leader.
M1: Will be scored for setting up an algebraic statement in terms of a variable (integer)
k or any other variable aside n that engages with divisibility by 4 in some way and can
lead to a contradiction and is scored at the point you can see each of these elements. A
formal statement of the assumption is not required at this stage.
A1l: Scored for a correct statement from which it is possible to draw a contradiction.
dM1; For making a complete argument that leads to a (full) contradiction of the initial
statement, though may be allowed if there are minor gaps or omissions.
Al: Correct and complete work with contradiction drawn and conclusion made. There
must have been a statement of assumption at the start for which to draw the
contradiction, though it may not be technicality a correct assumption as long as a
relevant assumption has been made. E.g. Accept “Assume n* -2 isdivisible be 4 for
alln”
9
(Assume that there is an n with n*—2 is divisible by 4 so) n° —2=4k Ml
then n* =4k+2=2(2k+1) (so is even) Al
Hence n” is even so n (=2m) is even hence n isa multiple of 4
As n’ isamultiple of 4 then n’ —=2=4m"*-2=2(2m’ -1) cannot be a multiple of 4 dM1
(as 2m — 1 is odd) so there is a contradiction.
So the original assumption has been shown false. AL*
Hence “n° =2 is never divisible by 4” is true for all n *
C))
(4 marks)
gsi:l[:;n Scheme Marks
6(a) de ) de
—:—k(9—15)':> —— = | —kdt Bl
dr (19 = 15)
Lz =—(-15)" Mi
(6-15)
. —kt+c Al
#-15
t=0,9=853—L=c M1
70
1 1 9
t=10,0=40=>—==10k+—=k=...| — M1
25 70 3500
I 9 i bl o P M1
9-15 3500 70
135t + 4250
= ————=2¢ Al
9t +50
)
b +4
(b) 20=1351‘ 2503 _ Ml
91 +50
t=awrt 72 Al
(2)
Total 9




Question

Number Scheme Marks
2 dv
— =tk
4 , dV 2
V=—nmr —>—=4zr
3 dr 2,
k=i I MI
dz
dr _ tk _dr 1, Al*
dt  4zxr’ d r
(4 marks)
%‘:ﬁ:‘;? Scheme Marks
2@ 1 1
4 or —-or > Bl
42
. 1
2 | 5x) 2
(4—51) =§(1—TJ
1) (L3
BN AN A R A N )
- 2 (74 21 4 MIAI
—l+ix+ﬁx2+ Al
27160 2560
)
2+ kx 1 5 75 »
Gy -(2+kx)[2+16x+256x +J
10 £ 3 13
b i =..Eg —+=-=— =——
(b) Compares x terms leading to & E.g 16+2 10=k 20 M1 Al
(2)
2 , a _75 05 13, _49
(c) Compares X termsleadlngtom—...E.g.m—128+16x 20 =>m—128 MI Al
(2)
(8 marks)
1
/B 1
Alt (a) 4 or— |pj
4
T 1), '2"'3 2 2 MIA1
2 2 2 2
(4-5x) =4 +[-5]4 (—5x)+T4 (-5x)
1 5 75 4
=—4— — Al
2716  T2s6™ T

4




%ﬁiﬁgf Scheme Marks
2 p
dy 4y [ 4 [ Jly
2 dx_\/4x+5:>.|‘y2 dy_IV4x+5dx 4 , .
_%zm(w) | ML, Al
Substitutes y=%, x=—%=>—3=4+c=>c=... dMm1
Rearranges %zbd4x+5+c to y=.... ddMm1
YT 20ax+5
(6)
(6 marks)
%‘ﬁiﬁ’; Scheme Marks
9
@) tan9=\/§=>k=§(or 60°) (Allow x=«/§$9=§(or 60“)) B1
V= (yr)jyzdx=(7r)'[(2sin26i)2 sec’ @ dé oe MIA1
1
4(7) | sin®20sec’ @ dO=4(x .[4sin2 0 cos* 0 x do dM1
( ).[ () cos’ D
=16(:r).[sin29d€ oe e.g. 16(;.!)](1—0052 9) de Al
sin29=#:16(ﬂ)J‘sin29 d9=16(;r)J.# a0 aM1
3
Volume = 87 (1-cos260)do Al Cso
0
(7)
® in26
J.(l—cos2€)d6'—>9—sm BI
3 . ~ 8 ,
Volume = I 87(1-cos20)do =[87r6'—47rsm29]g =§7r —237 M1 Al
0
(3)
(10 marks)




?ql;‘:nmég? Scheme Marks
8(a) +(—6i+4j—k—(-10i+5j—4k)) M1
eg. r=—10i+5j—4ki&(4i—j+3k)
Al
eg r=—6i+4j—kiﬂ(4i—j+3k)
(2)
(b) 3+3u=—6=pu=-3 Ml
p+r12=4=p=.. or g—3=-1=>qg=.. dM1
p=-8 q=2 Al
3)
(c) (4i—j+3k)| (3i—4j+k):12+4+3 M1
(4i—j+3k)[(3i—4j+k)=\/26\/26cos6‘=1930056‘=“. M1
19
(cos@ =) 6 Al
3)
(d) 2
AC = ABsin@ = 26 1—[19} M1
34910
o.e Al
26
2)
Total 10
Question Scheme Marks
9(a) 3 P
Volume, V =EI yde=x al ~dx B1
3 ' (1+x)(arctan(\/;)J
5 /-4 M1
tanu =+ x =>sec u—=—x 2 oe
2 Al
2><l x ?
=V =() 2 - dx:(:r)J‘ = : sec’ udu dMmi1
(dratan(\/;)] (]+x) " (1+tan u)
2 >
=7 seeyudu =27 | —d
.[u MN u J‘ u Al
x=3= u=arctan 3=% £
2 =>V=2z) —du B1
X=—=>u=arctan—==— £ ®
6
(6)




(b) 1
V=Q2r)|—— Ml
U |
6
_(zﬁ) S S B
/3 T/6
\ dM1
Or —(27r)[— ] =Q2r)| - 3| l y
arctan ./x |, arctan arctan
: 3
:272{—§+£J:6 Al
T T
(3
(9 marks)
Question
Nurmber Scheme Marks
]le L2 =1 -1 1
5(a) —de: x ‘Inxdx=—x"Inx+ ] x x;dx M1
x
=—x"'Inx—x"(+c) dMI1 Al
3)
(b) w=3x'z+2x"+x'2 Inx oe Bl
x
3 nx 1,]
Area = [——+21nx"——x——"i| M1
X X x
3 In4 1 3 In2 1
= ——+4+2In4-——|-| -—=+2In2-——-=—|=1+2In2 M1 Al
( 4 4 4) [ 2 2 2)
)

(7 marks)




%ﬁ;ﬁ? Scheme Marks
T(a
Wa(ly)l Iezx si11xd.x=%ebr sinx—I%eh cosx dx M1
]- 2x ]- 2x =
=...—Ze cosSXx— Ze sin x dx dM1
ez’sinxdleehsinx—lez’ COS X — l(z'b’sinxdx Al
2 4 4
S 2x 2 ]' 2x ]' 2x 2x 2
Z e Smxdnge smx—ze cosx= le“sinxdx=... ddM1
=%t=.2”sinjnc—§e"“r cosx+c Al
(5)
T(a
w;y)z Ie“ sinx dx = —e** cosx+j2ebr cos x dx M1
=...+2e2xsinx—j4ezxsinxdx dM1
Iez’ sin x dx = —e** cos x + 2e** sin x — J.4ebr sin x dx Al
5-[&r sin x dx = —e** cos x + 2e** sinxﬁjeh sinxdx =... ddM1
=§ehsinx—%ez” cosx+c Al
(5)
b
(b) ge‘?”sin:r.‘:—lez”rcos:'r - 2e”sin{)—leucos(] =.. M1
5 5 5 5
2
=lezf+l=e +1 Al*
5 5 5
(2)
(7 marks)
Question Scheme Marks
Number
7(a) du )
u=tanx —>—=sec x
dx Bl
3
) 2 2 + 1
u =tan" x=sec’x—-1—> ! Ei T X — du M1dM1
G+uy l+uw
u
—— du * *
J‘ (SJru“)3 Al
4)
(b) 1 s 1 s
J ﬁ du:—Z(S +us)" +c:—z(5+tan‘ x)"‘(+c) MIAL
(2)
(6 marks)




7(a) dx 1
E k-3 de= | dr M1
dr & _[k-3x _[ i
1 M1
:>—§1n(k—3x)=t(+c) a8
t=0,x=0=>—%lnk=c M1
—ln(k—Sx)=3t—lnk::>]nk_k3x=—3t:>1—%x=e'3':>x=... M1
_k(, &
x—3(1 e ) Al
(6)
®) t—)oo:>e'3’:>0:>x—)§:>§=7:>k=... M1
k=21 Al
(2)
(©) x=5= 7(1—e-3')=5=>e—3' ), M1
S am1
3 7
Awrt 0.42 seconds Al
3)
(11 marks)

8(a)

(8—3x)5=16(1—§x} but condone 16(1—kx)*,k # 3 M1
"Correct" term 3 or term 4 in
4 1 ixlx _z M1
N o MRS o T
(1—kx)® =1+ —kx + 22— (+kx) + ——— 2 (+kx)’ +...
3 2 6
A, x° 3
Two terms correct of 16—8x+?+ﬂ+... following M1, M1 and k=i§ Al
—t6-gaes 42X 4 Al
2 24
4)




3

(b) o +8="16*8.r+%-+§" (for some x) M1

Assume the curves meet so 8x—

3 3

=0=8-16x+8x" +£+...:>0:8(x2 —2x)+8+x—+...38(}f—l)2 +..+.. M1
24 24

3

:O=8(xg1)l+;—4 Al

Requires
3

e Argument that S(X*l)z +% o 0 1

Al
2 x 8 2o
E.g. 8(x—1) 20and — >0 (for 0<x<—-)so 8(x-1) +—>0
g 8(x-1) o >0 trb<pagyes 8(x-1) 4o
¢ Minimal statement (contradiction) and conclusion
(4)
(8 marks)
Question
iy Scheme Marks
4(a) Attempts direction vector by subtracting (5i +6j+3k)and (4i+8j+k) either way 5
around.
Eg r=4i+8j+k+A(i—2j+2k), r=5i+6j+3k+u(i—2j+2k) Al
(2)
(b) 4+ 2 2 2+ A
Eg PC=|8-24|-|-2|=[10-24 M1
1+2A4 1 24
Uses PC.(i—2j+2k)=0 ..
Eg =1(2+4)-2(10-24)+2x21=0=>A=...
Egl A=2=c¢=(4+2)i+(8-4)j+(1+4)k
ddM1
Egll u=1=ec=(5+1)i+(6-2)j+(3+2)k
(6, 4, 5) Al
_ \__ 4)
(c) OP' =p+2PC = 2i—2j+k +2(4i +6j+4k) M1
(10, 10, 9) Al
(2)
(d) |PP|=2|PC|=2J4* +6* +4* =... Ml
a17 Al
(2)
Total 10




%iﬁgg: Scheme Marks
P 2
5. States or implies Volume = n % dx Bl
1| (2x"+3)
, N
12 .
Attempts % dx = %dxz—18(2x2+3) : MI1A1
(2x"+3) 2x" +3)
Sets 187 18z 713
2k +3) (2x ;+3)2 648 Ml
z—%+%=%:(2k2+3)2=?29:k2=... ddM1
2k* +3) 6
k=23 Al
(6 marks)
uestion
Q Scheme Marks
Number
] " 9a _4b B1
Assume there are positive numbers a and b such that 5 T < 12
a
Multiplies by ab = 9a* + 4b*> < 12ab M1
= 9a® —12ab +4b* <0 = (3a—2b)’ <0 Al
Square numbers cannot be negative, so we have a contradiction Al*
and hence, if a and b are positive real numbers, then 20,315
a
(4
marks)




Question

Nufaber Scheme Marks
8(a) 3 Bl
(1)
(b) dy _ —2sint
dx 6—6co0s2t i B
B —2sint _ —2sint ——lco‘;ect .
6-6(1-2sin’¢) 12sin*t 6 e
4)
(© 37
P= (?—3, 2 Bl
2 3
E.g. )’—\/_=—% 0—(%—3] = ¥V=a.
- M1
\/7 3r
ﬁ——?(7—3}+cz>c—...
ﬂﬁ 2
T'FT 0. Al
(3)
@) Attempts y2 %:4005%(6—6005 2t) M1 Al
=(2c052t+2)(6—6c0321)=6(2—2005221}=6[2—(1+cos4t)] dM1
o] s z
= )y —dt = x Al
Volume J.JT) T dt J-G;'r(l cos4t)dt
0 0
Gi) x
{6 _6%511141} o 3”2 ML, Al
0
(6)

(14 marks)



Question
Number Scheme Marks
9(a) 4 1Y
(V)zirJ‘ [cosx+§e"] dx Bl
0
l 5 \ 2 2 x l 2x
(cosx+je] =cos" x+—e cosx+—e Ml
b b 25
=70052x+1+ge"cosx+Lez" dMi
2 5 25
J“*[l cos2x 2 1 ]
= —+ +—e"cosx+—e™" |dx Al
o\ 2 2 5 25
4)
(b) Way 1 Way Two
_[c’cosxdx:ic‘sinxi_[c‘sinxdx _[c"cosxdx:c‘cosxi_[c‘sinxdx Ml
=e"sinx—je"sinxdx :e“cosx+_[e"sinxdx Al
_fc'*cosxdx=cxcosxicxsinx—j.cxcosxdx
dM1
ZJ‘cxcosxdxzcxcosxic‘sinx
jexcosx dx:%e'r(cosx+sinx)+(c) Al
4)
(©) f(l cos2x 2 1 j
T —+ +—e¢'cosx+—e™" |dx
o\2 5 25
—(71') lx+sin2x+z le‘r(Sinzhwsosx) +Le2I 4
27 4 52 50 |, MIAlft
ng 2(1 ) | 11
2 2+&+—(—e4 (sm(4)+cos(4)) +—e'—— dMi
4 Y@ 50 50
=awrt 290 (cm?) Al
4)
(12 marks)

(a)




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)




%‘:ﬁiﬁ;g? Scheme Marks
6 Assumption:
e.g. (Assume) "5’ —4n+5 is even and n is even" Bl
Sets e.g. n=2k and attempts (2k)" —4(2k)+5 M1
4k” =8k +5 (oe for their n) Al
Completes proof with:
(1) Statement "which is odd"
(ii) Reason odd E.g. 4(/&2 —2k)+5
ore.g. 4(!{2 —2k+ l)+l
oreg 2(2k* —4k+2)+1 Al*
oreg. (2k- 2)2 +1
Condone 4k —8k +5 = even— even+ odd = odd
(i11) A (minimal) conclusion e.g.
“Hence contradiction”, “so proven”, “the statement is true” etc.
(4 marks)
QNTE:]:;? Scheme Marks
8(a) x=2 Bl
8))
(b) (23, 1.5) Bl
)
(©) 1+ i,
L A M1
de 1
rl
2P _3%q 71.5=f§(x725) dM1
de 3
3x+5y=15% Al*
3)
(d) [ crosses x-axis atx =95 Bl
1 2 155
— 1.5°(5-2.5) =—
5 T ( )( - ;r] Ml
, dx Y[, 1
V=r|yd=x|y —dt=rx||t--||[1-= |dt M1
dt t 3
2 1 1 7p)3 1
xj[r‘—Z+—,)(]——,] dI=ﬁj[t'+7—T—3)dI=... M1
i A AR v
T ﬁ 4 + A ¥ Al
3 @ B
3 o]
e L P ] e [§—§+i- ]—[1—3 1—3] M1
3 r X 1 3 2 24 3
V:E JrE :—9;{ Cao Al
24 8 12
@)
Total 12




Question
Number Scheme Marks
4 3 2 2 4431=2+2u
8 (a) -3 |+A|2|=| O|+u|-1|= -3-24=0-1u anytwo ofthese | M1
2 -1 -9 -3 2-1A=-9-3u
Full method to find either A or 4 eg (1) +3(3) > u=... Ml
EitherA=-4 or u=-5 Al
1 3 2 2
Position vector of intersectionis | -3 [-4| -2 |=0OR 0(-5-1]|= dMml1
2 -1 -9 -3
-8
_| s Al "
6
2+2u
(b) Co-ordinates or position vector of point 0= | 0-1u
-9-3u
24+2u 10 2u—-8
PO=| 0-1u|-|-7|=| 7-1u M1
-9-3u 0 -9-3u
2 2
Uses ITQ -1 =0=>4,u—16—?+,u+27+9,u=0:>,u=—5 dM1 Al
-3
24+2u
. o 10 2 57
Substitutes their ginto| 0-1y |=> Q0= T ddM1 Al
-9-3u
()
(10 marks)
Qaestion Scheme Marks
Number
10
Assume there is an angle x, 90° <x<180°, cosb_r 1 B1
COSX —Sinx
cOs 2x (cosx+ sinx)w M1
cosx—sinx COS¥=Sinx
|cosx+sinx|...1 = (cos;r+sinx)2 .I=1+2sinxcosx...1 =sin2x...0 dMI
Al*
This is a contradiction, as sin o is negative for all angles 180° <o <360° |
hence true *
(4 marks)




Question Scheme Marks
Number
2 Assume that C, and C, do intersect so that x* +10x* +8=2x"> —7 Bl
(and has real solutions).
X +8x° +15=0= (¥ +5)(F +3)=0=> " =...
or
) ,  —8++/8" -
Y2 41520 ¥ 82 415 MI
or
x4 +8x7 +15=():(Jnc3 +4)2~1 =0=>x*=...
x*=-5,/(=3 Al
e.g. The two values of x> < 0 (so x* +8x” +15=0 has no real roots) which is not Al
possible so C, and C, do not intersect
4)
Total 4
Quésign Scheme Marks
Number
4 (a) a=3,b=5 Bl
dx du .
E.g u=x/2x+lz>a=u or a=(2x+l) 2 oe. B1
I ./8x+4e*’mdx=j 2ue udu M1
5 5 U
=I 2u e du Al
3
4
(b) j Brrde™ dx= J' ae" du
= dife — I due’ du M1
= =2’ —[4ue" 5 43"] =2ue’ —due’ +4e" dM1 Alft
2 J=T R u i 5 5 5 3 3 3
j J8x+4de dx‘=[2u'e —4ue +4de ] =[S()e —20e +4e ]—[18«: —12e +4e } ddM1
4 3
=34¢ —10e Al
(&)
(9 marks)




Question
Number Scheme Marks
l(a) 1 ; 1
[Z—Sx] = E( ) Bl
1 1 1 1 3
=(1-20x)" =1+(%Jx(—20x)+(2)27[fz)x(—20x)2+Mx(—20xﬁm MIAlL
- %—Sx —25x% -250x3 +... Al Al
Special case:
If the final answer is left as %[1—1015—50;9 -500x° +)
Award SC BIMIA1A1AQ
o)
Alternative by direct expansion
} ; -4 1.1 1. 1.3
1 1 1)1 *TH(1 XA %71
o) () +3)5) o0 ei2(s) ot s) oo BIMIA
- %-Sx ~25x% -250x +... AlAl
(b) 15} (1) 1 1 1) 1Y
[rm] =(§] =5‘5"m‘25[m] 'ZSO[E] e
J5 1789 1 1789
—= of ——=~—— Ml
5 4000 /s 4000
1789 1789
= \/E ~5x or \/g o]l —
4000 4000
ngl789 or 4000 Al
800 1789
2
(7 marks)
QNuestlon Scheme Notes Marks
umber
8 Assume that there exist positive real
numbers x and y such Starts the proof by contradicting the Bl
9x +2<6 given statement
y x
9 ¥y 2 2
—+=< 6= +y°<6
y X Y w Multiplies through by xy M1
as x and y are both positive
2 2
=9x"+y"~6xy <0 Reaches a correct contradictory Al
=(3x-y)' <0 statement
As x and y are positive real numbers, this is
a contradiction and so
9% ¥ ¢ 6must be t and
y + X must be mcotrect and so Makes a suitable conclusion Al*
9
_x + X i .6 *
y x

4)

Total 4




%‘fg&: Scheme Marks
2(a) States or uses S =6x* or (;—S =4 Bl
t
’ ' 2 ds
States or uses S =6x" and i 4 Bl
t
Attempts to use £:£x2:>4:12xx£:>%:... Ml
dr dx dt ds dr
dx 1
= % = oe Al
“4)
(b) States or uses 3 — e Bl
dx
Attempts to use ﬂzﬂxgsﬂzﬁzxL:x M1
dt dx dr dt 3%
1
= S s Al
dr
3)
e Scheme Marks
Number
Z Assume that /7 is rational so that \/_ =5 = 7= ﬁ
b b’ M1
(where a and b have no factors in common)
a2 9 2
7= b_2 =7b" =a Al
So a? is a multiple of 7 which means a is a multiple of 7
a=Tk=Tb* =49k* = b* =7k* MI
So b* is a multiple of 7 which means b is a multiple of 7. As a and b are both
multiples of 7, this contradicts the fact that a and b have no factors in common. Al
Hence \/ 7 must be irrational.
4
Total 4
Question Scheme Marks
Number
7 ) dx
x= 4sm6‘:>w=4cost9 B1
J. 1 3d1=j 4cosd 3d'9:J. 4cos;9 40 M AL
2\5 . 2 NS 64cos” 4
(16-x7)2 (16-16sin’0)*
1
=—tanéd dMl1
16
Uses limits of g and g or 30° and 60° within their attempted integration
- . Ml
and subtracts the right way round e.g. f(;}— f(gJ or £(60°)—f(30°)
:Ltanz—Ltanzzﬁ Al
16 3 16 6 24
(6 marks)




Question

Number Scheme Marks
9(a) A(l,a,5), B(b,~1,3), I:r=—i—4j+ 6k+A2i +j—Kk)
Either 4:4=1 or B:A=3 M1
leadingto a=-3, =5 Al Al
(3)
(b) AB == +((5i'- j+ 3k)- (i '- 3j'+ 5k)); = 4i +2j- 2k M1, AT
(2)
4 1 3 -3
(c) ﬁ:(f(ﬂ:[s}[s}z[ 0] or ,—Az[ 0] M1
2 5) -3 3
4 3
20 M1
cos CAB = 2 73
J@) +(2) +(=2) J3) +(0)’ +(=3)’
cosCAB = lj%?jg = ? — CAB=30° Al
(3)
(d) AreaCAB=%\/2_4«/Esin30°;=3\/§ M1, AT
(2)
-1 2 9 -1 2 -7
(e) Forone of OD, = [4] +5[ 1] = [1] or OD, ={4] - 3[ 1 -7 M1 Al
6 -1 1 6 -1 9
-1 2 9
Forbothof OD, = [4 +5[ 1] = [1] and
6 -1 1
. N (o M1, Al
<
6 -1 9
(4)

(14 marks)




Question Scheme Marks
.2
6(a) ’0A‘ =(1+8&)2+(2—A)2+(5+4A)2 M1
04| =510 (1+82) +(2-2) +(5+42) =250 M1
= 6447 +161+1+ 2> —4A+4+164% +404+25=250 oot
= 8142 +524-220=0*
3)
(b)
81/12+52/1—220=0:>(81/1—110)(A+2)=0:>/1=... ﬂz,l—lg
81
1+ 8x"theirA" M1
= O0A=| 2-"theird"
5+ 4x"theird"
g L10) (961
N (8) (- o 2 B
i u— £y
Eg > 0A=|2|-2|-1|=| 4|* ;or0A=| 2-—|= % AT%;
y 4 4 81 81 Al
5+4x£ 84—5
81
3)
(c) 15 8
4| -1
3| 4 A
cosf@ =+ =
J15° +42 43282 + 2 + 47
_4 136 (=409557..) oreg O=awrt0.299(rad)/17.1°
4510 Al
1
Area OAB = —5410x4./10sinf =...
5 Jio M1
=awrt 29.4 Al
4)

(10 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 T
Number Scheme Marks
1(a) K
(2-5x) =l[l-—) oreg.;
4 S Bl
5
—2)x(-3 -2)x(-3)x(—4
_8,_[1,,(2)( ]( (- )( 2) NELGL )( 2)] -,
7
B 2410k + 22412555 Al
(2-5x) 2
(4
Alt (a) by _ -2
direct 8x(2=o%)
expansion -8x(2 +(_2)2 (—Sx) 2>< 32 (5) -2x 3><—4 (—Sx)) B1, M1AL
: ,=2+10x+—7~§x2+125x3... Al
(2-5x) 2
(b) 2
’x‘<§ 0.6 Bl
(89
(5 marks)
Question Scheme Marks
) 16x* —9kx’y +8y" =875
(8)y’ = (8%)3y° L4 Bl
dx
2 > dy
“kx’y —> ..hoxy+... - Yhx o M1
48x2—18kay—91cx1@+24y2@=0=>d—y(24y2—9kx2)=1810g;—48x2:>d—y= M1
dx dx dx dx
d_y=6kxy—16x2 . Al
dx 8y’ -3k’
“4)
(b) 2
; S 6k(gjy—16[ij
—y=0,x=—=> 54—=0 or
dx 8 2—31{5]
y 2 Ml
5 5V (5Y
x===16| = | -9k| = | y+8y* =875
15ky ~100=0 or 250——ky+8 3 =875 Al
3 3
E.g. 16[2J —91{ ] (ZOJH{EJ =875=k’ =... [:ﬁ]:h
2 3k 3k 27 M1
4
k== Al
3
(C))
(8 marks)




Question
Number Scheme Marks
3(a) Attempts a correct identity
3x3+8x2—3x—6E(Ax+B)x(x+3)+C(x+3)+Dx o.c. 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 E)
(b) g(x)—3x—1—;+m
2 2
=g'(x)=3+"5- ; M1 Alft
X (x + 3)
(2)
Explains that (if >0)2> 2 2 2 >0 and = g'(x) >3
¢ plains that (if x — 50 — an g'(x Bl
© T (xe3) X (xr3)
M
(8 marks)
?&8])" Via division
Attempts to divide 3x* +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
()
Question e
T Scheme Marks
1(a) i A 5572 8
(2-5x) =Z[1—7J ore.g. T i
41 1=—
(%)
I sx) (=2)x(=3) [ sxV . (=2)x(=3)x(—4) ( sxY
=8XZ[1+(—2)X(—7)+'TX —7 +'TX —7 MlAl
73
8 2410x+ 22 +125:5... Al
(2 —Sx)' 2
(4)
Alt (a) by = -2
direct s
expansion | _ - =3 1 —2x-3 - 2 -2x-3x—4 -5 3) | B1, M1Al
p -SX(?_ H(2)2 (5x) +—5—2 (-5x) +——=—2 (-5%)
75
8 24104+ 22412555 Al
(2-5x) 2
b 2
o H <3 oe Bl
1)
(5 marks)




Question Scheme Marks
4(a) A=-5"(0-sin0) zﬂ——(licose) M1
de
ﬂ=—5(1—cos6r) Al
dé
2)
(b) 49 a1 B1
dr
dA dA d
—=—><—9(0 ) B1
dt d@ dr
dA 25 big
—="]1-cos— [x0.1 M1
221t
5 )
=§ (cm~ per second) Al
4)
(6 marks)
Question Scheme Marks
S(a) . (1 =&
1=2 = 'N=|==
sinu = p=sin (2) 6 B1
. dx
=2sinu = —=2cos M1
X 1n u du u oe
J 3Jc+23 dx:J' tSsinu+23 2 cosu d”:J tSsinu+23 2 cosu du M
(4—,7c2)E (4—4si112r:¢)E (4005214)5
=I 12511;1“+ 22 du=js(§smumnu+lsm2u) du * Al*
8cos“u 4cos’u o \2 2
“
(b)
j [Esccutanu-rlseczu} du=§secu+ltanu MI1Al
2 2 2 2
[Esccu+ltanu} ‘ =(§sec("£")+ltan["f"D—(ésecO+ltan0)=... Ml
2 2 0 2 6 2 6 2 2
B3 133 [ 139
=3+—-="T_ |=
V3 6 2 6 2 6 Al
4)
(8 marks)

Notes




Question Scheme Marks
Number
9(a)(i) dy -
dy _ /d¢ _3sin"zcost MIAT
dx_dJ/ ~ —4sin2¢
dr
3sin’7cost  3sin’ tcost 2).
, = , =—=sint
—4sin 2t —8sinfcost 8
ore.g. Al
3. s
3sin? £ cos? B Esm rsint I
—4sin 2t —4sin2t 8
(ii) T |
= —_ [ = ) = — Bl
t c = x=1 y 3
3. (nx 3 1 3
= —-— e i T — ‘—l
m 85111(6] T 2 16(3« ) MI
3x+16y—-5=0 * Al*
(6)
(b) 3(2c0s2)+16(sin’1)-5=0 M
6(1-2sin 1) +16sin’t-5=0 dM1
16sin’ t—12sin”7+1=0 Al
(2sinr—l)2(4sinr+l)=0:>sinr=—£ ddMm1
sin!=—£:>x=20052!=.. and y=sin’s=.. dddM1
7 1
Q(Z"@] Al
(6)
(12 marks)
Question L
Kiseihicy Scheme Marks
2(a) -1 x+1 6 _6-y
B 2 e T oy b
@_]
Big yomL s y=— O L o =TS 2y
B YT T (a1l 27 Sl ,6—y Al
2| = |41 2x—-+1
1-2x ¥
6(1—2x)
Eg y= =>y= =ax+b
x+1 2><(x+1)+1(l—2.r) dM1
Ax +1
1-2x
6(1-2x
E.g y= ( 3 ),v=2(l—2x) oe  solinear * Al*
4
(b) _\’:2(1—2):) and y=x+12= 2(1—2x)=.r+12:>x=... M1
x=-2 Alcao
2)




1

J‘xcos3xdx=%xsin3x—§jsin3xdx M1

1 . 1 dM1

—§xsm3x+§cos3x AL
: :

xcos3xdx = lxsin3x+lcos3x =l£sin£+lcos£— O+l M1

. 3 9 , 36 29 2 9
18 9
5
(5 marks)




Question

Number Scheme Notes Marks
9(a) 2 2 dx
V= dx = —dé
”,[ FEET)Y e Applies ¥ = 7 | y* ¥ 46 with
dé Ml
= x.[ (3sin 6 —sin20)’ (~5sin0)do or without the 7
s Applies sin28 = 2sin fcos & Ml
=7z | (3sin@-2sinOfcosH) (-5sinH)do : :
Fully correct integral in terms of Al
sin@ and cos# only (7 not needed)
= frJ.sinz 0(3-2cos @)’ (—5sin@)do
V= —Sn'.[ sin’ (3 —2cos 6‘)2 dé Completes correctly with correct
limits and no incorrect statements Al*
v 2 previously. The factor of 7 must
V==5z| sin’0(3-2cos0) do be present throughout.
e an' sin’ @(3-2cos8)’ do*
0
@
(b :
) u=cosd=V=>5r 31n3t9(3 —21«:)2 ind Applies the substitution correctly | M1
0=0=u=1, O=r=>u=-1 @ttc_:mptstochange@limitstou M1
limits
_ .2 A 2 _ 4,2 _ 2
V= Szr.[sm 0(3-2u) du= Sfr.[(l u)(3-2u) du Al
Correct integral in terms of # only
(1-u*)(3-2u) =(1-4")(9-12u+4u*) | Attempt to expand M1
=9—12u—5u* +12u° — 4u* Correct expansion Al
1
V= SEI (9—12u—5u* +12u* —4u* ) du
-1
3 57! Ml
=5r 5331,¢—6r.12—5i+31,¢"—4i =,
3 5 1,
Integrates and applies their u limits
= %ﬁ Cao Al
(7

Total 11




Question

Number Scheme Marks
3 -
- x> A4 B L 8x-5-4(4x-3)+B(2x-1)>A=..B=..
(2x—1)(4x—3) 2x—1 4x-3 Mi
A=1 or B=2 Al
8x-5 _ 1 2
(2x—1)(4x—3)_2x—1 4x-3 =
3
" ( I )dxlln|2x—l+lln|4x—3|(+c) M1, Alft
2x—1 4x-3 2 2 Altzt g
Follow through their A and B
3
(c) 1 1 * A 1
[—1n(2x—])+—]n(4x—3):| =—In(6k —1)(12k —3)— —In(2k —1)(4k —3)
2 2 B 2
1, (6k—1)(12k-3) M1
=—In
2 (2k-1)(4k-3)
1 (6k=1)(12k=3) 1 (6k—1)(12k—3)
_n = — =
2 (2k-1)(4k-3) 2 (2k —1)(4k —3) —
= (6k —1)(12k —3)=20(2k —1)(4k —3) = 88k’ 170k +57 =0
88k* —170k +57=0=k =... ddM1
3
k==
3 Al
(5

Total 11




%ﬁ;ﬁ? Scheme Marks
) )
1@ Gy’ =l+(%)x(loc)+22—‘2x(kx)2+ 2 32t 2 x (k).
1,7 1
i el N < S MIALl
] 2k Sik 7
2){-3) (- 43)
\2)\2) e L U2 \72) L. 1 | M1ALAL
(ii) A= T =g B= 31 Xk =102
)]
3 1 niu 2 1 " 3_
(b) Substitutes x-0.6;~,\/1.15—1+§><0.6— g X 06 +"7557"<0.6 =1.072398 | M1 Al
(2)
(7 marks)
1
2 1 1 2 1 3
1(b) alt | (1+kx) =1+[5Jx(kx)—(§)x(kx) +[E)x(kx)
Substitutes "kx"=0.15
:>«/1.15=1+%x0.15—%x0.152+%><0.153=1.072398 MIAL
(2)
Question )
e Scheme Marks
2(a)
x=2=4-8y+y’ =13=(y* -8y-9=0=)y=... M1
y=9 Al
(2)
(b) ¥ 2% In?2 Bl
dy 2 dy
~dxy—>-4x—-4y OR y*>52y—= M1
x) X =4 ) 5
dy dy
2*In2-4x—=—4y+2y—==0 Al
Sar
ﬂ(2)‘—4):)=4);—2"ln2:>g:... Ml
dx dx
dy 4y-2"In2 dy 2°In2-4y dy In2e*"* -4y
dy _ e o R G, e TR Al
dx 2y—4dx dx 4x-2y dx 4x-2y
5
(c) dy 4(9)-2°In2
(2,9) > S
N 2(9;64(421) 2 Ml
:>},_l|9ll:ll _lOn lt(x_2)
y=0=0-rgr= AN, o
Lo Am2+9 o _—8In2-18
7 2m2-18 &7 ¥~ Ain2+36 Al
3
Total 10




3(a) yx+3y=4x"+k
2 dy dy
- .. xy—(+..)or 3y —>»3—
yx Xydx( ) y i M1
x =2 d_y+ ? Al
g xyd.x ) 4
+3y=4x"+k > +3d—y=8x Al
..t+3y s
dy ., .dy dy
2Xy—+y +3—=8x=>-Z=.., 1
TR M
dy 8x-y’
huc R Al
dc 2m+3 0
(5)
(b) D B dis =, M1
dx
1
=— Al
P=3
k=22xl+3x2—4xl= M1
2 4
k=17 Al
4)
6 Assume the sequence is geometric B1
1+2k 3+3k
S = = M1
(=) T
= (1+2k) =k(3+3k)=>k* +k+1=0 Al

2 2
But k> +k+1 =[k+%] —%H; %> 0 (since [k+%) = 0 for all (real) k) dm1
This is a contradiction and hence the original assumption is not true.

The sequence is not geometric.

Al

(5)
(5 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
1 A B
= = 1=42-x)+B(4—-x) = A=... or B=...
A s s S e S G GmorBE=D Mi
1 1 . _1 1
A=—-—.B=— givin 2 2
2 2 g g(4—x)+(2—x) A
[2]
(b) & kd-ne-», r>o:~_|.;dx - _[k dr
dt (4=x)2-x)
%ln(él— x) — %m(z— X)=ki (+c) M1, Al
R _ 1 1 1
(t=0,x=0=2} “md4-—In2=0+c{=>c==In2 MT
2 2 2
lln(ﬂ-’l—x)—lln(2—x)—k.;r+lln2 n[ 22X = 2k
2 2 R T "[4—2;() -
4-x o
4-2x D]
4—x = 4e* —2xe™™ = 4 — 4e* = x — 2xe™™
N . 4 — 4ok dM1, AT*
o> 4-4de™ = x(1-2e") > x=——— (*
x( )= = ()
[6]
4 — 4"
| = 2e" =3
(c) [ — 2ol Mi
:>0A2t:1n% =t =awrt 2.03 Al
[2]
10 marks
%?ﬁ;tlig? Scheme Marks
3. States or implies Volume = J‘ zr[ 31X } dx B1
& 3x°+5
X dr= | 22— dr=11nG +5) M1A1
3x +5 (Bx +5)
Volume = {Tt}[%ln(3x25+5)—%ln(3x5+5)} M1
=xln2 Al
(5 marks)




Question

Number Scheme Marks
2(a) dv Ml
o 3x° (B1 on
EPEN)
e _dx dV 18 dMI1ALI
de dV dr  3x?
(3)
Alternative 1
1 2
. = d« 1_-% M1
v =x3:>x=lf3:>E=§I' } (B1 on
EPEN)
dx dx 8 dlV 5 5
e Al =T 317512 dM1Al
de dV dr e 3x
Alternative 2
dr M1
d—:5:>l’r:5f+c (Bl on
! EPEN)
V=x :>x3=51+c:>3xzijg=5
1
or dM1
;3 3 . , _di
V=x =>x=5t+¢c=>3x" =5—
dx
dx 5
= = Al
dr 3x°
(b) _ 5 _ 5 MIA1
dr 3x4> 48
(2)
(5 marks)

Nate thic ic now heino markad ac MTAMTAT nat RIM1A1




Question

5(a)

(b)

Scheme

de 1

G50 a2

Marks

M1

(x=3) (r=0) 3 " "
dx t -2
A= —(dt)= dt
Lu}ydz( ) I[,=§]J9+4sx i &)

M1

_—2.[(0)#(&) ore.g. —2.[(0) 4 (dt)
(2)V81-16r" ()y(O-41)(9+41)

Depends on both previous M marks.

ddM1

2.[% L
o \81-167

d—u=—32t or du =-32tdt oe

dt

or
1 1

u=81-16¢ = =L (81-u) ==L (81-u) = I =L (g1-u):

6 4 du 8

alo

O(81-u) du

1
£
A=2| ———tdt=2
-[] \81-16¢7 -[(81) 16\/; -32
or

3
() !
Ig S— o) Ls1-u)7a
Ad=2 —— =2 M2 Z(81-u)2du
o V81-167 Ju 8
(81)

© 1
—k‘[ 8lu 2 —u?du
(

=_ﬁ[o—(mz~/ﬁ—%\/ﬁ3ﬁ=...

Depends on all previous M marks.
243
64

Al

@

B1

M1

Alft

M1

ddM1

Al

(6)
(10 marks)




Question

Number Scheme Marks
10 Assume that p>—4g+2=0 Bl
Main ,
p =49-2 MI
P =4q-2(=2(2¢-1)) 7
So p’ isevensopiseven oee.g. so p=2k
If p=2k thene.g. 4k’ =4g-2
oreg.
4k* =4q—2:>q=k2+% oreg. g= 2k2+l
ore.g. dM1
2 2 1 »_2q-1
4k =4qg-2 =k =q——oreg k- =—"—
2 2
oreg.
Let 4k* =4g-2=2q -2k =1
4k* is a multiple of 4 and 4¢—2 isn’t a multiple of 4
oreg.
q=kK +% which is not an integer
oreg.
k* =q—% which is not an integer Al
oreg
2g—2k* =1 which is not possible
So p*—4g+2+0
(5 marks)
guestion Scheme Marks
Number
l 2 )
J2xln(3x)dx =x° ln(3x)—flxx‘ dx Ml
X
=+ X dM1
X ln(3x)-X Al
2
9 1
91n9—5—(ln3—5]=171n3—4 ddM 1Al

(5 marks)




Question

Number Scheme Notes Marks
7(@) dv dv
—=300-kV= | ————= | dt i i
i 300KV Correct separation of variables Bl
dv 1 dv
————=——In(300—-kV ————=aIn(300-kV
ISOO—kV k n( ) I300—kV “ ( ) 4
1 ]n( 300 — kV) —ttc lCorrcct 'cquat:ion including a constant of Al
k Integration
—lln(300—kv)=:+c:> In(300—kV)=—kt+d
k Ml
=300-kV =™
Correct processing to remove the “In”
kV =300-¢ " =V = %— Be™
300 Correct proof Al*
V="t Ade*
)
®) 300 300 Uses V=0 when ¢ = 0 to find 4 in terms
V=0t=0=>0=——+4>4=-"— M1
k of k
p 30 30 L »
k k dt dt
10k ok _ 2 Uses a =200 when 7= 10 and correct
300e " =200=>¢" =§:>k=... M1
processing to find k
kz—ilng Oce.g. LlnE Al
10 3 10 2
()
(b) e 300 _ 300 Uses V=0 when ¢ = 0 to find 4 in terms
Way 2 V=0,t=0=>0= P +A=> A= p of h Ml
d_V= 200, =10=200=300—-kV Uses a =200 when =10 to find a
dt dt Mi
= kV =100 value for kV
V= @+ Ae™ = kV =300-300e "
k Substitutes for k¥, k4 and ¢ = 10 and
2 uses correct processing to find & Al
=100=300-300e ™ = ¢ = 7 =>k=..
=—llng Oee.g. Llné Al
10 3 10 2
© 6000 = 3000 3000 -ginis
Inl.5 Inl.5
s Correct strategy using V = 6000 to M1
=>e!” =1-2Inl5 reach at= ...
= —%1111.5 =in(1-2In1.5)
t=41 Correct value Al
@)

Total 11




Question

Number Scheme Notes Marks
6 2x 3dx_12.r‘3 2 2_r'3dx
Way 1 e’* cos3x —ge sin x—g e’* sin3xdx(+c)
. . 2l .. MI1A1
M1: For applying parts to obtain e’ sin3x+ g | ¢’ sin3xdx(+c)
Al: Correct expression
Ie“ cos3xdx = %e“ sin3x — %{—%e“ cos3x +% e’ cos3x dx}(ﬂ-)
* Ml
Applies parts again to J.ezjr sin3xdx and obtains ae’* cos3x iﬂjc“ cos3xdx
[ 2x 1 2x _» 2 2x 4 2x
e’ cos3xdr=—e " sin3x+—e” cos3x—— | e cos3xdx(+c)
A 3 9 9 Al
Fully correct application of parts twice
e’ cos3xdx+ g.[eh cos3xdx = %ez" sin3x + %e“ cos3x(+c)
13 2x 1 Ay A 2 2x 2x
= 3 e’ cos3xdx = Ee sm3x+§e cos3x(+¢) = | e cos3xdx=... M1
Fully correct strategy for finding J ¢™* cos3xdx
3 2x 2 2x
=—¢ sme+Ee cos3x+k Cao Al
(6)
Way 2
ay Ie“ cos3xdx = %e“ cos3x+§jez" sin3xdx(+c)
1 : 2x 2x MlAl
M1: For applying parts to obtain ae’* cos3x+ g | e* sin3xdx(+c)
Al: Correct expression
e’* cos3xdx = le:“ cos 3:vc+3 le:z'r sin3x & e’* cos3xdx p(+c)
2 212 2
Ml
Applies parts again to I e’ sin3xdx and obtains ae’* sin3x+ I e’ cos 3xdx
[ 2x 1 2x 3 2x _: 9 2x
e cos3xdx=—e"cos3x+—e"sin3x—— | e cosBxdx(+c)
A 2 4 4 Al
Fully correct application of parts twice
e cos3xdx+ %J.e:br cos3xdx = %cz" cos3x + %cz" sin 3x(+c)
13 2x l 2x 3 2x 2x
= I e cos3xdx = Ee c053x+ze sm3x(+c) = | e cos3xdx=... M1
Fully correct strategy for finding J e’ cos3xdx
3 2x 2 2x
=—e™sin3x+-—e“"cos3x+k Cao Al

13

Total 6




tion
e Scheme Marks
Number
3(a) :r+15:>t:15—4x M
r+4 x—1
Y=is2 7 5-4x M1
x—1
(x-1)
Y= 15— 4x+2(x 1) dMi
5x-5 15
xX)= l<x, — Al1BI
e)=1370; 4
(5)
5
(b) 0<g(x),, 5 MIAT
(2)
(7 marks)
%ﬁ;ﬁg? Scheme Marks
10() States or uses T oC +— or %r_ k B1
j j shd
gr =tkt+c M1 Al
Substitutes £ =0,7 =12 => ¢ = (576)
AND ¢=15, =6 and theirc=(576)=>k :(133.6) M1
%rj =-33.6t+576 or r3 =-100.8¢+1728 o.e. Al
S)
(b) Sets »=0=—-100.8¢ +1728 =0 M1
% minutes or awrt 17.1 minutes Al
2)
(©) n
12 1
B1
o !
1
(8 marks)




Question Scheme Marks
.2
6(a) ’0A‘ =(1+8&)2+(2—A)2+(5+4A)2 M1
04| =510 (1+82) +(2-2) +(5+42) =250 M1
= 6447 +161+1+ 2> —4A+4+164% +404+25=250 oot
= 8142 +524-220=0*
3)
(b)
81/12+52/1—220=0:>(81/1—110)(A+2)=0:>/1=... ﬂz,l—lg
81
1+ 8x"theirA" M1
= O0A=| 2-"theird"
5+ 4x"theird"
g L10) (961
N (8) (- o 2 B
i u— £y
Eg > 0A=|2|-2|-1|=| 4|* ;or0A=| 2-—|= % AT%;
y 4 4 81 81 Al
5+4x£ 84—5
81
3)
(c) 15 8
4| -1
3| 4 A
cosf@ =+ =
J15° +42 43282 + 2 + 47
_4 136 (=409557..) oreg O=awrt0.299(rad)/17.1°
4510 Al
1
Area OAB = —5410x4./10sinf =...
5 Jio M1
=awrt 29.4 Al
4)

(10 marks)




Question Scheme Marks
2 /i =2 a
OA=| 2 AB=| 4 oc=| 5
=5 3 -1
(a) 7L =2
OB=0A+AB=| 2|+| 4|= M1
-5 3
5
=| 6| .5i+6j-2k or(5.6,-2) Al
-2
(2)
(b) a 5
BC=0C-"0B"=| 5|-"| 6/|"=.. M1
-1 -2
a a5
OC."BC"=0=| 5| -1 “=O:>a(a—5)—5—1:0 dM1
=1 1
az—5a—6=0:>(a—6)(a+l)=0:>a=,.. ddM1
a=-1,6 Al
(4)
(6 marks)
Question
NusfBex Scheme Marks
K 2
@) et p=3k+2 then (3k+2) =27k +54k" +36k +8 M1
3 2 . Al
=3x| 9k +18k +12k+3 |—1 not a multiple of 3
So p cannot be of form 3k + 1 or 3k + 2, since p? is a multiple of 3. Hence
p must be a multiple of 3, a contradiction of our assumption, hence for all | A1
integers p, when p’ is a multiple of 3, then p is a multiple of 3
3
®) Assumption: there exist (integers) p and g such that 3/5 =§ B1
(where p and g have no (non-trivial) common factors.)
Then 3f3= g =p =3¢ i
So p?is a multiple of 3 and (so) p is a multiple of 3 Al
But p=3k=27k =3¢ =q =9% dM1
Hence ¢ is a multiple of 3 so ¢ is a multiple of 3, but as p and g have no | A1¥
(non-trivial) common factors, this is a contradiction.
Hence {B is an irrational number.*
(5)

(8 marks)




2 7 =2 a
OA=| 2 AB=| 4 oc=| 5
o 3 =1
(a) 7 &2
OB=0A+ AB 21+ 4|= M1
-5 3
5
=| 6| .5i+6j-2k or(5,6,-2) Al
|
(2)
(b)
BC=0C-"0B"= L M1
a-—>5
OC."BC"=0= 0:>aa 5 -5-1=0 dM1
a’—-5a-6= 0:> a 6 a+1 =) =qg=... ddM1
a=-1,6 Al
(€))]

(6 marks)




