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Question

Number Scheme Marks
1. X*+4x-5=(x+2)*-9 Bl
J ! dx = arcoshXL2
ft their completing the square, requires arcosh
3
{arcosh XLZ} :arcosh§ (—arcosh 1)
3 1 3
/25 5 4
=In|=+,[—-1|=In| =+—|=In3 M1 Al 5
(3 9 J (3 3) )
[5]
Alternative
X*+4x-5=(x+2)"-9 B1
Let x+2=3secd, d—_Ssecetane
1 3secHtan @
\/((x+2)2 \/ J(9sec? 9-9) 9 M1
:jsecede Alft
[:erSEC§ 5 4
[In(se049+tan 9):|arcsec13 =1 (§+§j =In3 M1Al (5)




Question

2. (@) y4
3
%MS ‘

One ellipse centred at O | B1

Another ellipse, centred at O, touching on y-axis | B1
Intersections: At least 2, 5, and 3 shown correctly | B1 (3)

(b) Using b* =a*(1-€’), or equivalent, to find e oraefor DorE. | M1

ForS: a=5and b=3, e:g, ae=4 ignore sign with ae| | Al

! ! ! \/5 'A! H H H 1A’

ForT: a’=3and b'=2, e:?, a'e’=+/5 ignore sign with a'e Al

ST =+(16+5)=+v21 — M1A1 (5

[8]




Question

Number Scheme Marks
dy 1 1
3. — =—|4X-— B1
dx 4( xj
dy 1
1+ —= dx = 1+ Xx—— dx M1
dx 4x
= £1+x2+ 12—£j dx = (x+i) dx = (x+ijdx M1 Al
6x- 2 4x 4x
[
2
_Xx In_x Al
2 4
X2 Inx| In2 1 In05 15 1
——| =2+ - =—+=In2 M1A1 (7)
2 4 . 4 8 4 8 2
15 1
a=—, b== 7
( 3 7]




Question

Number Scheme Marks
4. (@
A -A B -B A -A B -B
cosh Acosh B —sinh Asinh B =| & ¢ I € ¢ M1
2 2 2 2
_ %(ems Lo AB oA B g AB _gAB | o-AtB | oA B _ e—A—B)
1 A-B —-(A-B)

=5 (e 2en) % —cosh(A-B) *  cso | MLAL (3)

(b) cosh xcosh1—sinh xsinh1 = sinh x M1

coshxcoshl=sinh x(1+sinhl) = tanhx= &_hl M1

1+sinhl
e+e!
e+e e’ +1
tanh x = 2 = = cso| M1A1 (4
lJre—e’l 2+e—-e' e’ +2e-1 @)
2
[7]
Alternative for (b)
ette " g M1
2 2
2
Leading to e =& F° M1
e-1
X -X 2x 2 2

tanhx =&~ _¢€ 1 e"+e-(e-1) e +1 cso | M1AL (4)

e*+e* e¥+1 e’+e+(e-1) e2+2e-1




Question Scheme Marks
Number
5. (@ x=t-sin2t = x=1-2cos2t = X=4sin2t either M1
y=c0s2t = y=-2sin2t = Vy=-4cos2t both Al
Obtaining Xx*+y* and Xy —Xy in terms of t M1
x> +y® =1+4c0s” 2t —4c0s 2t + 4sin® 2t =5-4cos 2t Al
Xy — Xy =—4cos 2t (1—2cos 2t) —4sin 2t (-2sin 2t) =8—4cos 2t Al
_ %
. (5—4cos2t) A1 (6)
8—4cos2t
(b) The least value of y (cos2t) is -1 B1
3
5447 _ .
p= (5+4)2 _9 accept equivalent fractions or 2.25 | B1 (2)
8+4 4
[8]




Question

Number Scheme Marks
6. | (@ :_—[x (8- x)/} +2 [ (8- )" ox M1 AL
:% J‘ nx“‘1(8—X)Adx ft numeric constants only | Alft
jnx”’l(8— X)(8— x)% dx = Inx”’18(8— x)% dx—jnx”’lx (8- x)% dx M1 Al
3 24n
Il =6nl_,—=nl = | =——I E 3 cso | Al 6
n n-1 4 n n 3n+4 n-1 ( )
8 8
(b) |0=j (8—x)%dx:{—§(8—x)%} _3.8% 12 M1 Al
0 4 o 4
8
| =IO X(x+5)(8— )" dx = I, +51, M1
=2, 1,228, 88, 4, (—@u M1 AL
1T e B 0007 0T s
168
The previous line can be implied by | =1, + 51, :?I
576 24 2016
| =] —+5x— |x12=——(=403.2
(35 7] 5 (-4032) AL

[12]




Question

Number Scheme Marks
d Y 1 1 -y 1
7. a —(arsmhx 2)= X2 |=— M1 Al
@ dx V(1+x) 2 ( 2\/x\/(1+x)J
dy 1 .
At x=4, —=—— accept equivalents
X 445 pteq Al (3)
. dx .
(b) X =sinh* @, — =2sinh@dcosh g
de
[arsinh xdx = [ @x 2sinh @ cosh 0.do M1 AL
= [6sinh20d6 = Ocosh 20 -ICOS;‘ 20 46 M1 AL + Al
_ _sinh 26 M1
4
. arsinh 2
{HCOShZH—Sthﬂ = ... attempt at substitution | M1
2 4 1,
0(1+2sinh*0)  2sinhocoshe | 1 4+/5
= - ==arsinh2x(1+8)———
{ 2 4 2 *(1+8)-, ML AL
9
==In(2++/5)—+/5 Al 10
SIn(2+45)-+ (10)
[13]
Alternative for (a)
- . dy
x=sinh“y,  2sinhycosh yd—:l M1
X
dy 1 B 1 B 1 AL
dx 2sinhycoshy 2sinhy~/(sinh®y+1){ 24xy(1+X)
dy 1 .
At x=4, —=—0 accept equivalents
dx 45 pteq Al (3)

An alternative for (b) is given on the next page




Question

Number Scheme Marks
7. Alternative for (b)
J'lxarsinh\/xdx=xarsinh\/x—jxx;dx M1 Al + Al
24/ x4 (1+x)
= xarsinth—Jde
2(1+x)
— dx .
Let x=sinh“d, — =2sinh&cosh@
de
j VX dx=JS'nh9x23inhecosh0d0 M1 Al
V(1+x) cosh &
=2jsinh29d9=2j%2‘9‘1d9, :S'”gzg—e M1, M1
. arsinh 2 . arsinh 2
[sth@_e} :{ZSInhHCOShG_H} =2X2X\/5—arsinh2 M1 AL
2 . 2 . 2
I04arsinh\/xdx=4arsinh 2—%[%%—arsinh 2}=%In(2+\/5)—\/5 Al (10)
The last 7 marks of the alternative solution can be gained as follows
2 dx 2
Let x=tan“@#, —=2tan@sec” ¥
do
J- VX dx:jtanethan fsec’ Hdo dependent on first M1—| M1 A1l
V(1+x) secd
:_[ZSecHtanZHdH
j(secetan 6?) tan#dd =secHtan 6 — Isec39 de M1
=secdtan 9—I3e00(1+tan20)d0
Hence _[sec&tanzOdO:%secetane—%J‘sec@dH
1 1
=Esec6?tan e—Eln(secethane) M1
[ :lx\/5x2—lln(\/5+2) M1 Al
0 2 2
J':arsinh\/xdx=4arsinh2—\/5+%In(2+\/5):%In(2+\/5)—\/5 Al




Question Scheme Marks
Number
8. €)) Gradient of PQ = 2ap2)—2ag __2 Can be implied | B1
ap-—aq-  p+q
Use of any correct method or formula to obtain an equation of PQ in any M1
form.
Leadingto (p+q)y=2(x+apq) * Al (3)
(b) Gradient of normalatPis —p. Given or implied at any stage | B1
Obtaining any correct form for normal at either point.
o : M1 Al
Allow if just written down.
y+ px = 2ap +ap®
y+0x = 2aq+aq’
Using both normal equations and eliminating x or y.
: S M1
Allow in any unsimplified form.
(p—g)x=2a(p-q)+a(p®-9®)  Anycorrect form forxory | Al
Leadingto x=a(p®+q°+pg+2) *k cso | Al
y=—apq(p+0q) E 3 cso | Al (7)
(c) 0=2(5a+apq) = pg=-5 B1
Using pq=-5 inboth x=a(p®+q°+pg+2) and y=-apq(p+q). | M1
x=a(p®+09°-3) y=5a(p+q)
Any complete method for relating x and y, independently of p and g. M1
A correct equation in any form. Al
2
_ 2_opa—3)=al[ L _
X = a(( p+q) —2pq 3) = a{(Saj +10 BJ
Leading to y* =25a(x—7a) Accept equivalent forms of f(x) | Al (5)
[15]

The algebra above can be written in many alternative equivalent forms.




