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Mark schemes are prepared by the Lead Assessment Writer and considered, together with the relevant
questions, by a panel of subject teachers. This mark scheme includes any amendments made at the
standardisation events which all associates participate in and is the scheme which was used by them in
this examination. The standardisation process ensures that the mark scheme covers the students’
responses to questions and that every associate understands and applies it in the same correct way.
As preparation for standardisation each associate analyses a number of students’ scripts. Alternative
answers not already covered by the mark scheme are discussed and legislated for. If, after the
standardisation process, associates encounter unusual answers which have not been raised they are
required to refer these to the Lead Examiner.

It must be stressed that a mark scheme is a working document, in many cases further developed and
expanded on the basis of students’ reactions to a particular paper. Assumptions about future mark
schemes on the basis of one year’'s document should be avoided; whilst the guiding principles of
assessment remain constant, details will change, depending on the content of a particular examination
paper.

Further copies of this mark scheme are available from oxfordaga.com
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Key to mark scheme abbreviations

M Mark is for method
m Mark is dependent on one or more M marks and is for method
A Mark is dependent on M or m marks and is for accuracy
B Mark is independent of M or m marks and is for method and accuracy
E Mark is for explanation
Jor ft Follow through from previous incorrect result
CAO Correct answer only
CSO Correct solution only
AWFW Anything which falls within
AWRT Anything which rounds to
ACF Any correct form
AG Answer given
SC Special case
oe Or equivalent
A2, 1 2 or 1 (or 0) accuracy marks
-x EE Deduct x marks for each error
NMS No method shown
PI Possibly implied
SCA Substantially correct approach
sf Significant figure(s)
dp Decimal place(s)

ISW Ignore subsequent working
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Q Answer Marks Comments
Correct general point on L seen or
1 used
+ + +
(2t 1, 50+4, 2 1'5) B1 Pl by a correct linear equation in a
single variable
Substituting their general point into the
2t+1+2(5t+4)+3(2t+1.5)=18 M1 equation for IT to obtain an equation
18t=45 t=0.25 in a single variable and obtaining a
value for the variable
A(1 5 595 2) A1 Correct coordinates ACF
o Do not condone answer given as a
vector
Question 1 Total 3
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Q Answer Marks Comments
2(a) _tane 1 }
a =——
i J3
5x B1for r=4
_—2\/§+2i :J 4e © B1B1 | B1for ¢ :%
2
Q Answer Marks Comments
i 5—n+2nn
) |
B1ft: » = ﬂZ oe ft the fourth root of
their value for 7 in part (a)
(57 | 2nm
1 |+——
_4 (24{ 4” B1ft M1 i( 5™
z=Yae M1: z=<‘/Ze(2“j Divides their @
in part (a) by 4 to get their & in (b)
Obtains at least three of the first four
i(fﬂ ) i[”i ) positive correct angles
z=v2e'\?) =2 %) M1 o their @ in(a)  sm
4 2
(%) i %) A1 | CAO
z=\/§e 24 , z=\/§e 24
4
Question 2 Total 6
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Q Answer Marks Comments
3(a)(i) | y=tanh' x
d_y _ 1
dr  1-x?
d
[When x=0] [_y =} 1 B1 BO if incorrect d_y used
dx dx
1
Q Answer Marks Comments
3(a)((i) 3
Correct shaped graph with a positive
> B1 gradient at the origin and asymptotic
= 0 % behaviour at x=-1 and x=1
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Q Answer Marks Comments
3(b 1(1+x) 1 (3+x N
®) 1 tanh ( > ) —5'”(1_)6} tanh‘1X=1In(1 Xj
tanh™’ ‘I—_x = 1In 3-x
2 2 1+ x used at least once
+ - + —
tanh™’ (1 xj +tanh™’ (1 xj 1In (3 x)(3 x)
2 ( —x)(1 +x)
A1
_ 1 ((8+x)(3 -x)
- EI” (1-x)(1+x) oe single logarithmic term
1 1. 27 1 1. 27
gIn3 ——In2 = —In— B1 EIn3 — —In2 = —In— seen or used
2 2 2 2 2 2 2 2
(9 —x2) 27
_ 2 _ 2
(1 2) B ?:18_2)6 =27-27x Elimination of logs to obtain a single
- X M1 . Ao
quadratic equation in x
—25x2=9
3 3
= x=x— A1 [x=]i— oe
5 5
5
Question 3 Total 7
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Answer Marks Comments
2 2
+r+1 1 tr 1
T gy B1 A=1 or = =1y
r(r+1) r(r+1) r(r+1) r(r+1)
1 B C
=+ =1=B(r+1)+Cr i = =—
Py R—— (r+1) M1 | Pl byeither B=1 or C=—1
724+ 1 1 11
=+ A1 1+——
r(r+1) r r+1 r r+1
n 2 n n
+r+1 1 1
R
r=1 V(I”+1) r=1 = \r rti
n
B1 1 =n seen orused
=n+(1—gj+(}}/—§\j+ ;
1 1 1 1 M1 Method of differences shown with at
+ - || ¥~ least the first two and last two terms of
-1 n+1 no (1 1
Z (———j seen
= \r r+i1
2
Zn: A+l n— 1 A1 AG Must be convincingly shown,
= or(rt1) n+1 including evidence of cancelling
Question 4 Total 6
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Q Answer Marks Comments

d
i c03x5y+y=coszx+sinx

dy
=-—~—+ysecx=cosx+tanx
dx
IF.is elsecx& M1 olsecx dx
|F. =n(secx+tany) _ ooyt tany A1 I.F. =secx+tanx or tan(; +Zj
d
a(y(serthanx))
=(cosx+tanx)(secx+tanx)
y(secx+tanx) Multiplying both sides of the
M1 rearranged DE by their |.F. and
- I(cosx+tanx)(secx+tan x) dx integrating LHS to get y x L.F.
y(secx+tanx)

=J.(1+tan2x+sinx+secxtanx)dx

y(secx+tanx) =tanx—cos.x+secx [+4] A1 oe Condone absence of +4
A~—cosx
y=1+——
secx+tanx
gL 1
when x=—, y=1 => A4=—
37 > A1ft
0.5—Cos x y=f(x) with ACF for f(x)
ye A1 . 1 1
sec x +tanx eg y=SIn(x)—§tan(x)+§sec(x)

Question 5 Total 6
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Q Answer Marks Comments
2
6(a) | cos2x=1-2x° +§x4 B1
1
Q Answer Marks Comments
6b) | ceos(xt_ 2R | 2 Bt
2
2
_ 1+(_2x2)+(—2x ) n (1+—x4+ j M1 ft their 1+ ax® +bx”* in part (a)
2 cos (2x)- *2x2+2x4
oe eg € =
1
> = 1+( x? + x j —
=(1—2x2+2x4+...)(1+§x4+...j 2
1224854 A1 -2+ 844
3 3
2
Q Answer Marks Comments
8
6(c) | 5 =e£1—2x2 +§x4 +j BAft | ft their 1+ px +qx* in part (b)
cos(2x) 6—6(1—2x2+8x4+.,,j
im| &= _ i 3
im | ————— (= lim 5 . . .
x=0 X x—0 X Substitutes series expansion and
divides numerator and denominator
M1 by x? to reach the form
. 2
2e x* —§ex4 +... 8 x“Lno [P+O(x )]
= lim 3 = lim (26——ex2 +j
x—0 X x—0 3
_ecos(2x)
lim 2 =2e A1 A0 if not from lim 2(3—§ex2
x—0 X x—0 3
3
Question 6 Total 6

10
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Q Answer Marks Comments
7(a) The interval of integration is infinite E1 oe
1
Q Answer Marks Comments
-3 _
) g [ 22 e[ (x-3)e T
e
dv _ _
u=x-3, —=¢*
dx
% =1, v==+e " used in correct
[=] =—(x-3)e " —| —e " (dx M1
=] (x=3)e I © ( ) integration by parts formula
Pl by correct integration
=—(x-3)eF—e* [+c] A1 oe —xe ¥ +2e*
© y_3 _ a y Evidence of limit oo having been
L o dx = a“_rﬂo 3(x—3)e dx replaced by a (oe) at any stage and
M1 lim seen or taken at any stage with
a—»0
= lim (—(a—S)e“—e ”)—(—63) o _
a—® no remaining lim relating to 3
{= lim (—ae_“ +2e_aj—(—e_3ﬂ
a—»0
_ » Must be explicitly stated
Jim (a © ): 0 E1 Accept if stated in the more general
format
First 3 marks must have been scored
J'"o X=3 = A1 but can be awarded even if previous
3 e E1 not awarded provided limits clearly
substituted and no errors seen
5
Question 7 Total 6

11
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Answer

Marks

Comments

8(a)

For n=1, Zn:

r=1

(r3+3r5) =P +3xP =1+3=4
and +n®(n+1)° = tx1x2°= 1x g =4

2 2 2
Assume formula true for n =k (¥),

kii (r3 +3r5)=zk: (r3 -i-3r5)+(k+1)3 +3(k+1)5

=1 e

=% (k+1)3+(k+1) +3(k+1) (k+1)2
_1 3(,3
—2 (k+1) (k +2+6 k+1))
1 k+13(k +6k2+12k+8)
2
= (k1) (k+2) (k2 -4k ) = (k+1) (k +2)

Hence formula is true for n =k +1 (**) and since
true for n =1 (***), formula

zn: (r3+3r5) = 1n3
2

r=1

(n+1)3 is true for

n=1,2,3,.... byinduction (***¥*)

B1

M1

A1

A1

E1

Correct values to show formula true
for n=1

Must see 4 preceded by a relevant
unsimplified numerical expression
for both the LHS and the RHS

Assumes formula true for n =% and

k+1
considers z (r3 +3r5)
r=1

Must be convincingly shown

Must have (*), (**), (***), present,
previous 4 marks scored and a final
statement (****) clearly indicating that
it relates to positive integers

12
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Q Answer Marks Comments
2 n Splits the LHS of formula and uses
n 2 1 3 P
8(b) | = (n+1)"+ Z 3 = —n3(n +1) M1 | the formula for sum of cubes given in
4 r=1 2 the formulae booklet
2
3N 3N
( ) (3N+1)2 +3Z 5= 1(3N)3(3N+1)3 m1 Replaces n by 3N (condone 3x for
4 = 2 3N)
3ZN: 5= Lan)P(av+1)° () (3N +1)° z 1
<" "% 12 = Enz(n+1)2 (2n® +2n—1)
r=1
=N2(3N+ 1)2 (gN(3N+ 1) _E] may be obtained after the M1 line
2 4 before replacing n by 3N
= %N2(3N+1)2 (6N (3N +1)-1)
A1 AG Must be convincingly shown
- %N2(3N+1)2 (18N2+6N—1) Condone if N is written as n
3
Question 8 Total 8

13
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Q Answer Marks Comments
2 3 6 ||y|=|y Use of Mv = v with at least two rows of
1 3 2|2 B Mv correct
M1 2 4 &k
—x+4y+kz oeeg (2 2 6|=0
=>|2x+3y+6z|=|y 3 -3
x+3y—-2z z
—2x+4y+kz=0; x+3y-3z=0 oe eg correct unsimplified expansion of
A1 :
2x+2y+6z=0 =>x+y+3z=0; determinant
=>2x+4y=0=>x=-2
d 4 A1 k=-24
=8y+kz=0 and y=3z =k=-24
3
Q Answer Marks Comments
M1: Either a general point on the line
9(a)(ii) -6
Xy or a direction vector 4| 3 | PI
_6 = E =Z M1 A1

1

A1: Correct Cartesian equations
Accepteg —x =2y =6z

14
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Q Answer Marks Comments
9(b) detM =3k +64 B1 Correct expression for det M
Cofactor matrix
One complete row or column or
—24 10 3 M1 diagonal correct
3k+8 2-k 7
24-3k 2k+6 —11 A2 All nine entries correct
else A1 for at least six entries correct
. -1
Inverse matrix M M1 Transpose of their cofactors with no
more than one further error and
— + —
24 3k+8 24-3k division by their det M (# 0)
= 10 2-k 2k+6
3k+64 3 7 11
- A1 Correct M~" scores 6 marks
6
Question 9 Total 1

15
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Q Answer Marks Comments
10(a) Forming and solving the correct aux.
Aux. equation m?>+2m+1=0: m=-1,-1 M1 equation.
Pl by correct value(s) of m seen/used
yor = (Ax+B)e™ A1 | Correct CF
Yp=asin4x+bcos4x M1 Vo =asin4x+bcos4x seen or used
yPI' =4acos 4x—4bsin4dx
Y, =—16asin 4x—16bcos 4x M1 Yp 8nd y," both of the form
tcsi + tituti
16 sin 4x —16b Cos 4x +8a cos 4x —8b sin 4x esindxd cos dx and substitution
_ _ into the differential equation
+asin4x+bcos4x=sin4x+38cos 4x
-15a—-8b=1; -156+8a=38 = a=1,b=-2 _ .
Yoy =Sin 4x —2c0s 4x A1 Correct particular integral
[J’Gs :] (Ax +B) e +sin 4x — 2 cos 4x B1ft Their CF + their Pl with exactly two

arbitrary constants

16
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Q Answer Marks Comments
10(b) | When x=0, y=4 =B-2=4, B=6 f(0)=4or £'(0)=0 or f"(0)=34 or
M1 series expansions used with their GS
When x=0, Y9 S A_B+4=0. 4=2 as far as finding a value for one of the
dx ’ arbitrary constants
, f(0)=4 or £'(0)=0 or f"(0)=34 or
Whenx=0 <y _ 34 = -24+B+32=34,4=2| M1 series expansions used with their GS
dx? as far as finding a value for the
remaining arbitrary constant
(2x+6)e™ +sin4x—2cos 4x oe
=f(x)=]| (2x+6)e ™ +sin4x—2cos 4x A1
[y ( ) ] ( ) Pl by the correct f i
16
P20 N I PN ei% 1 A1 | ACF but must be exact with no
16 8 \/E trigonometric functions
4
Question 10 Total 10

17
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Q Answer Marks Comments
Direction of normal to II, is _
11(a) M1 Forming correct cross product.
—1 1 16 Pl by a correct direction vector
1|x|-3|=| 8
4 4 5 A1 oe
16
Magnitude of | 8 |=+/1 62 +82 +2% =324 B1ft | ft their direction vector
2
Direction cosines 8 2 M1 ft
V324 /324 /324
oe 13
16 8 2 26 13 Y
Required sum=—+—+—=—=— A1ft 9
18 18 18 18 9 ft one incorrect element in the direction
vector for the normal
5
Q Answer Marks Comments
11(b) 16 6 2 6
Directionof L is| 8 | X | ¢ M1 or -5|e|c|=0
2 2 4 2
16 — 2¢ 2
= -20 =t |-5 M1 or 12-5¢+8=10
16¢c — 48 4
[t=4 =] c=4 A1
16 1 16 oe ft their direction vector. If using the
Equation of I[1,isre| 8 | =|2|e| 8 |=38 B1ft given equation for 11, , award this
2 3 2 mark for A =-2, u=3
(p.q.7) lies in both planes so M1 Substitutes (p,g,7) into their
16p+8g+14= 38 and 6p+qgc+14=14 equations of I, and II,
=>p=6, g=-9 A1 p=6 and g=-9
6
Question 11 Total 11

18
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Q Answer Marks Comments
12(a) | (cos 6 +isin 9)5 =cos 50 +isin 50 B1 or cos 50=Re((cos€ +isin Q)SJ
cos 56
M1
=cos®6 +10cos®0 (isin @) +5cosd (isin6)*
=co0s®0 +10i%cos®0 (1 —00320)
) M1 Replacing sin? 0 with (1—cos26)
+5i* cost (1—00329)
=c0s°0 —10 cos®# (1—c0329)
2 4
+5 cosf (1—2003 6 +cos 0) A
=c0s°0 —10 cos0+10 cos®0+5 cosh
~10 cos®0+5 cos®f
cos 50 = 16 cos’) —20cos°0 +5cos A1
5
Q Answer Marks Comments
12(b) | Roots of cos 50 =1 are
2 4
o-[0] 2=, 2% bn 8z M1
5 5 5 5
So roots of 16x° —20x°> +5x—-1=0 are
21 47 67 81 M1
[cosO (=1), |cos—, cos—, cos—, cos—
5 5 5 5
16x° —20x° +5x—1=0 16x° —20x> +5x —1
M1
(x—1)(16x* +16x° —4x"— 4x+1)=0 = (x—1)(16x* +16x° — 4x”— 4x +1)
The quartic equation whose roots are
27 47 6m 8n .
COS——, COS—, COS—, COS— iS A1l

16x* +16x° — 4x°— 4x+1=0

19
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Q Answer Marks Comments
12(c) | [Since cos(2n—a) =cosa |
47 61 81 21 M1 Both results seen or used
COS— =C0S—, COS— =C0S—
5 5 5 5
For the quartic equation in part (b) Uses sum of roots
2 6 16
21 67 16 =200s°E +2c0s—~=—— and
Sum of root=2cos—+2cos—=——=—1 m1 5 5
S S 16 Product of roots
cos? 2n cos? br !
2 6 1 = —_ — T
Product of roots = cos? el cos? ot _ L 5 5 16
5 5 16
2
Since cos—n >0 and cos6—n <0,
5 5 E1
on 1
COS— COS— = ——
5 4
x% - 1 x+ e 0
2 4
The quadratic equation with integer coefficients
2n o6m |
whose roots are cos? and cos? is
4x%+2x-1=0 A1
4
Question 12 Total 13

20
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Q Answer Marks Comments
i d 2 .
13(a)(i) o —(cosht) sinht = —tanht sech ¢ M1 Either form, condone sign error
dx 2 L
E =sech” ¢ A1 Both derivatives correct
& (dy)
(d—j + (d—yj = sech* ¢ +tanh? 7 sech? ¢ M1 Squaring and adding their derivatives
t t
= sech? ¢ (sech2 ¢t +tanh? t) =sech? ¢ A1
1\ (dy)? 1
S:_[ @l LY dt=_[ sech ¢ dr A1 AG Must be convincingly shown
1 dt dt -1
5
Q Answer Marks Comments
ht
HH 1 2 = = L
13(a)(ii) P :J' . B1 sech ¢ ot or secht [+ sinh?7
1e +e
or Pl
1 t
S =J 2—e dt= r_ 2 du M1 Valid substitution seen or PI
-1 eZt +1 e 1 u2 +1
s=[2 tan‘1u] ) M1 ktan™u or ktan‘1(sinh t) oe
o
s=2tan"'(e)-2tan” (e‘1) A1 oe eg condone 4tan”' (e)—m

21
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Q Answer Marks Comments

13(b) y=secht , tanh2 t+sech2 t =1

x2+ 9% =1 B1
[Possible values of x] —-1<x<1 B1
[Possible values of y] 0<y<A1 B1

3

Question 13 Total 12

22
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Q Answer Marks Comments
14@) | 9(x®+)?)=36-24x+4x M1 | x2+12=/% or y=rsind used
9/ =(6-2x)° ; 9% =(6-2rcosf)’ M1 | x=rcos0 used
+3r=(6—-2rcos0) A1 Condone missing +
6
—=2cosf+3; Since r>0, take + sign
r
6 _ 2 cosH+3 = y— 6 A1 AG Must be convincingly shown
r 3+2cosl
4
Q Answer Marks Comments
14(b) 5+4cosH=L
3+2cosf
M1: Forms a quadratic equation in
8cos?0+22cos+9=0 cos ¢ and solves to find a value for
M1 A1
= cosf =—-0.5 [only as cosO = —-2.25] cos ¢
A1: Correct value of cos 6
When cost =-0.5, r=3; Either correct coordinates of P and Q
2
P| 3, 2n , Q 3,—2—n , 4POQ=2—7t Al or »r=3 and LPOQZ—T[ seen/used
3 3 3 3
area of triangle OPQ
_ 1(3)2 sin[ 27122 ﬁ _ 9V3 A1 | AG Must be convincingly shown
2 3 2\ 2 4

23
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Answer

Marks

Comments

14(c)

Equation of PQis rcosf=-1.5

(5+4 cos@)cos@ =-15
8c0320+100039+3 =0

B1ft

ft their values for » and cos @

Solving their rcos 8 =—k with

M1 r=5+4cos6 to obtain two possible

cosf) =—— [P and Q]; cosf=—— [S and T] values of either cos 6 or r
3
when cosf = R r=2
coordinates of Sand T are (2, n—«) A1 Correct polar coordinates of Sand T
3 Pl by the correct area of SOT
and (2, —n+a) where cosa = "
required area = . ) M1 oe Representing the required area in
0.5(2)(2)sin2a - 2(0.5)I (5+4cosd)” dd any correct mathematical form
-
B1 B1 for correct exact value for area of
triangle SOT
3\/_ . . n
=——— [330+40sing+4sin26]
A B1 B1 for correct integration of
(5+4 cos 6)2
7
3T {~(~33a +40sina —4sin2a)}
4
_i_?,g 3,407 _g373
4 4 4 4
=37 /7 -33cos”! (Ej A1
4 4
7
Question 14 Total 15

24




