1()) AtP,xcos3x=0

(6]

= cos3x=0 M1 or verification
= 3Xx=7/2,3n/2 M1 3x=m/2, (3n/2...)
=  x=n/6,T/2 A1Al | depbothMs condone degrees here
So Pis (n/6, 0) and Q is (n/2, 0) [4]
o dy . M1 Product rule
i) =X —_
0 dx 3xsin3x+cos3x B1 d/dx (cos 3x) = -3 sin 3x
Al cao (so for dy/dx = —3xsin3x allow B1)
Atp Y _ w7 r mark final answer
" _ES‘ n5+ COSE =75 M1 substituting their —t/6 (must be rads)
dy _ Alcao | —gx/2
AtTF’S&=—3xs1|r13X+cos3x:0 M1 dy/dx = 0 and sin 3x / cos 3x = tan 3x used
=  cos3x=3xsin3x
=  1=3xsin3x/cos3x = 3xtan 3x
= Xtan3x=1/3* E1 WWW
(7]
(ii) A= J'”/G x cos3xdyx Bl Correct integral and limits (soi) — ft their P,
0 but must be in radians
Parts with u = x, dv/dx = cos 3x M1
dwdx=1,v=1/3sn3x
(1 . & ceol . .
= A= :_gxsm3x J.o §s|n3)(d)( Al can be without limits
L 0
1 1 z Al dep previous Al.
= 5xsin3x+§cos3x} M1d substituting correct limits, dep 1% M1: ft
- 1 0 ® | their P provided in radians
V4
:E_§ Alcao | 0.e. but must be exact
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2() Whenx=1,y=3Inl+

2

El

=0 (1]
(i) d_3.1 o M1 d/dx (Inx) = 1/x
dx X Alcao
= AtR, ﬂ:0:§+1_gx
dx X
=  3+x=2¢=0 M1 re-arranging into aquadratic = 0 SC1 for x = 1.5 unsupported, SC3 if verified
=  (B=-2)(1+X) =0 M1 factorising or formula or completing
= x=15 (or-1) Al square.
— y=3In15+15-1F5 M1 substituting their x
= 0.466 (3 sf.) Alceo
d’y 3 . .
e B1ft ft their dy/dx on equivalent work
When x = 1.5, d4/dx? (= —10/3) < 0= max E1l www — don’'t need to calculate 10/3 but condone rounding errors on 0.466
(9]
(iii) Letu=Inx, du/dx=1/x
dv/dx=1,v=x M1 parts
1
= — — =
J.Inxdx_xlnx ,[X'de Al
=xIn x—jl.dx
_ Al condoneno ¢ allow correct result to be quoted (SC3)
=XxInx—x+c
= A=j12'°5(3|nx+x—x2)dx B1 correct integral and limits (soi)
2.05
=[3x|nx—3x+lx2—}x3} B1ft {3xtheir'xlnx—x'+1x2—lx3}
2 3 ] 2 3
=-2.5057 + 2.833.. M1dep | substituting correct limits dep 1% B1
=0.33(2sf.) Alcao
[7]
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(C) Rotational symmetry [of order 2]about P

(6]

3() (0,%) B1 alowy =%, but not (x =) Y2 or (%,0)
[1] nor P=1/2
(ii) dy (1+€”*)2e”—e*.2e” _ ] I
v 1+ )2 M1 Quiotient or product rule e Y _ 2 5 2 s 2 .
o ZX( e Al correct expression — condone missing product rule: dx = €7 267 (-Y(L+re) " + 267 L+ e7)
2e Al bracket oe?
(l+ ) cao — mark f|na| answer — from (UdV Vdu)/V2 SCl
When x = 0, dy/dx = 26%(1+€%)? = % BAft (@+e™)’
[4] follow through their derivative
(iii) J’ Bl correct integral and limits (soi) condone no dx
M1 kin(1 +€*)
[ In(l+e2x)} Al k=1
or letu=1+¢€* duldx=2e* M1 orv=¢&* dvidx =2 o.e.
uwe? 1/ 2 _ 11 Lre?
= AS I d ‘[Elnu} Al [Y2Inu] or [Y2In (v + 1)]
2
== | n(l+e?) - E In2 M1 substituting correct limits
allow missing dx's or incompatible limits, but penalise
= —I 1+e’ El www missing brackets
2 [5]
(iv) 1] e*—¢* 1] = e M1 substituting —x for xin g(X)
9(=x) = olere |~ 2lever | = 9(¥) El completion www — taking out —ve must not g(—x) # g(X). Condone use of f for g.
. be clear
Rotational symmetry of order 2 about O B1 must have ‘rotational’ ‘about O, * order
(3] 2" (0€)
1.1 g€-e* 1 1 e-e’+e+e”
VA g(x T e 2 2 (T) M1 combining fractions (correctly)
_1.2¢ Al
2 (e +e* )
ex .ex eZX
= = :f X
gEe+e™) e”+1 9 El
(B) ransiation [ O M1 trangation in y direction alow ‘shift’, ‘move’ in correct direction for M1,
(1/ ZJ Al up %2 unit dep ‘translation’ used 0 ) aoneis SC1.
B1 o0.e. condone omission of 180°/order 2 1/2
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