(a)

(b)

(a)

(b)

(©)

r+1°-(r-13=+3r+3r+1) - (r*-3r’ +3r-1)

=6r°+2

D (6r* +2)=2°-0°
r=1

—33_13
43 _ 93

(-1 (n-3)

n® - (n-2)*

(n+1°-(n-1)°
=(n+1°%+n®-1°

n
6> r’=(n+1)°+n*-1-2n

r=1
=2n®+3n°+n

n

(attempt to use an identity)

differences (must see)

2n or equiv.

2 _ . H
r’ = &n(2n+1)(n+ 1) (*) Sub. X2 and + 6 or equiv. c.s.0.

r=1
IE = e_[1+§ dx
e><+3In X
3
=e%e™" must see
- X3ex

I
x
@

<
|
@D
<

+
(]
—
(=3

<
o
<8
=
—
(%]

Lol C

<
I
|
|

(0.171 or better)

M1
Al 2

M1

M1
Al

Bl

M1, Al6

(8]

M1
Al

Al 3

M1

M1 Al
Al 4

M1
M1

Al 3



s Y= I(x-2)(x - 4)|

Line crosses axes B1
Curve shape Bl
AXes contacts 6, 8, 3 B1
Cusps at 2 and 4 Bl 4

(b) 6-2x=(x-2)(x—-4) and —6+2x=(Xx-2)(x—-4) M1, M1
X2 —4x+2=0 X% — 8x + 14 = 0 either M1
X:4i\/16—8 XZSi«/64—56

2 2
=2-12 =4-2 Al ,Al15
() 2-V2<x<4-12 M1, A12

[11]



@) ”%2:’4@&* = M1

2
=-2+i Al
y = e (Acos X £ Bsin X) M1
Pl = A sin 2x + u cos 2x Pl & attempt diff. M1
y =24 c0s 2X — 21 8in 2X
Yy =—-4]5sin 2X — 4 cOS 2X Al
oo —42-8u+51=65
—4u+8A+5u=0 subst. in eqn. & equate M1
A—-8u=65
8A+u=0 solving sim. eqgn. M1
641 +8u=0
651 =65
A=1u=-8 Al
Ly= e‘ZX(Acos X + Bsin x) + sin 2x — 8 cos 2x on their A and u Alft 9
(b) Asx— oo, e 0 .. y—>sin2x—8cos 2x B1ft

y — Rsin(2x + ) M1

R =65

o = tan'-8 = —1.446 or —82.9° Al 3

[12]
(@) .
3
Shape + horiz.

axis Bl



(b) Area= 1Jr2d6

J%seam@ use of *

N~

use of cos40= 2c0s’20—- 1

9fsindo 07"
+_
_2 8 2.

subst.

(c) rsin@=3sin dcos 26
dl ’
%: 3 cos 0cos 20— 6 sin Hsin 26 (diff. r sin 0)

32-0:600320 3cos - 12 sinfcos §=0 useofg—ézo

6 cos”6— 3 cos O— 12(1 — cos?d)cos =0 use double angle formula
18 cos®9— 15 cos #=0 solving

cos O=0o0rcos’d= 5 ortan’d= L orsin*g= 1

Lr=3@2x 2)-1

srsin @=2,/% use of d = 2rsin @

Solves x? — 2 = 2x by valid method
Obtainsx=1+ /3 or equivalent
(may only obtain relevant root if graph is used)

Solves 2 — x% = 2x

Obtains x=-1+ /3
Rejects two of these roots and obtains (or uses graph and obtains)

Xx>1+ \/§,x<—1+ \/§

Z

4
and

olN

M1

M1

M1

Al 6

M1, Al

M1

M1
M1
Al

M1

Al 8

[16]

M1
Al

M1

Al
dM1

Al ,Al7



Special case:
Squares both sid%o obtain quadrggc in x? and solve to obtain x> = 4 + 2

Obtainsx =1+ orx=-1+
Last three marks as before.

(@ Integrating Factor = e

% (yeZX) - Xe2X

1 1
2X — — o n2X | a2x
ye~ = —xe J-Ze dx

2
= lxezx— le2x+c
2 4
Min point and passing through (0, 1)
1 1 oy
Y= oX— — +ce
=257,
shape
1 5
b) 1=c- — c= —
(®) 4 Ty
1 1 5 d 1 5
y= =x— = + —eZand — = = - —¢X
2 4 4 dx 2 2

1
Wheny' =0, e %= c - 2x=1In5

1 1
X = 3 In5,y= 2 In 5 at minimum point.

V3

M1A1

M1A1
dM1A1A1
[7]

Bl
M1

M1

Al

Al 5

M1

M1

M1

Al 4



(©)

/
IS

N

[uEy

_—
17 1 2z 8 & 5 1
1
BiB1 2
[11]

(@  Auxiliary equation: m?+2m+2=0—>m=-1+i M1
Complementary Functionisy = et (Acost+Bsint) M1A1
Particular Integral is y = Ae™, with y' = —re ™%, and y” = ae™? M1
= 2v+20)et =26t 5 =2 Al
~y=eY(Acost+Bsint+2) Bl 6

(b) Puts1=A+2and solvesto obtain A=-1
y' =e(-Asint+Bcost)—e(Acost+Bsint+2) M1 Alft
Puts 1 = B — A -2 and uses value for A to obtain B M1
B=2 Alcso
y=el(2sint—cost+?2) Alcso 6

[12]
@ 3a(l-cosd =a(l +cosbH) M1
2a = 4acosd— cosf= 1. 0= z or z M1
- 2773 3
3a
r= > AlAl 4

[Co-ordinates of points are (£,%Z) and (,-%) ]



3a\/§

=Z2rsind= ——
(b) AB=2rsing= = MI1AL 2

—_—w |

1
Area = " 2 r%do

w|N

%J‘[az(l-i- cosd)? —9a’(1-cosh)?]do

= , M1 M1
a—J.[1+ 2c0s0 + cos® 6 —9(1—2cosé + cos? 9)]de
= 22 Al
a?J-[—S +20co0s 0 —8cos? )]do
=Kk[-86+ 20sinéd ... Bl
oo — 28IiN260- 4 4] Bl
.. T V3 ]
Uses limits 3 and -3 correctly or uses twice smaller area
and uses limits % and 0 correctly.(Need not see 0 substituted)
= a’[-47+10+/3 — /3] or = a%[-4x+ 9+/3 ] or 3.022a2 Al 7
3
(d) Sa% =45 5a= 3 B1
- Area=3[9+/3 —47], = 9.07 cm? M1, A13
[16]
10 (@ f(x)-= sec?x f"(x) = 2secx(secxtanx) (or equiv.) M1 Al
f(x) = 2sec? x(sec? x) + 2 tan x(2sec? x tan X) (or equiv.) Al 3
(2sec? + Bsec? x tan® x)
(2 sec* x + 4 sec? x tan? x), (6sec” x — 4 sec? x), (2 + 8 tan® x + 6 tan* x)
(b) tan% =1lor sec% = V2 (1,24 16) B1
V4 V4 V4 1 Y. (7)) 1 7\ V4
tanx=f| = [+| x-= = |+=|x-=| "= |+=|x—-=| f"| = M1
4 4 4 2 4 4 6 4 4
T zY 8 7\
=1+2 x—— +2(x—— +—| X—— Al(cso)3
4 4) 3 4

(Allow equiv. fractions)



37 3 & T
(c) X= 75 Souse | T =7 =
317r Vs 7[42 8 7? z®
+|=x——|=1+—+—+
10 10 400 3 8000 10 200 3000 *)

d
11. (a) n=1:&(excosx):excosx—exsinx

(Use of product rule)

T 4 ] . 1 )
COS| X+—| =C0sX c0S— —Ssinxsin— = —— (Cos X — Sin x)
4 4 4 2

d X X
&(e cos x)z Z%e cos(x + %j True for n =1 (c.s.0. + comment)

Suppose true for n = k.

K+1 1
d—kl(excosx) :i 22 excos(x+k—”j
dx " dx 4

= « kz ‘- K
=22 |e"cos| X+— |—e*sin| x+—

4 4

1

ok kr 7« 2(k+1) « Vs
=22 e*y/2cos Xty =22 "e*cos x+(k+1)z

. True for n =k + 1, so true (by induction) for all n. (= 1)

V4 1 7)), 1 3r) 3 1 4
(b) 1+ (\/ECOSZJX + 5(2 cosij + 6[2\/5 cosT]x + z(4cos )X
1) () (=2) (-4)

1 . .
eXcosx=1+x- §X3 _€X4 (or equiv. fractions)

12. (@) argz= % =z = A+ Ji(or putting x and y equal at some stage)

_ (A+D+2i
A+ (A+D)i

(Could still be in terms of x and y)

A+ +2il= L+ A+ Dil=J(A+)2+ 22, - wl=1(%

, and attempt modulus of numerator or denominator.

M1

Al(cs0)2

(8]

M1

M1

Al

M1

Al

M1 Al

Al(cso)8

M1

A2(1,0)3
[11]

Bl

M1

Al, Alcso



z+1 1-wi

b)) wW=—— wt+twi=z+1l=>z2= —— M1
Z+i w-1
Zl=1= l1-wil= w-1] M1A1
MR T zl(%/(ab_)ﬁayb% a-1)+ib]| M1
M1
b=-a Image is (line) y = - x Al 6

(c) $ ‘ B1B1 2
N

(d) z=imarked (P) on z-plane sketch. Bl
.1+ -1 1 1.
z=i= —=——=———1 marked (Q) on w-plane sketch. Bl 2
2i -2 2 2

[14]





