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General Instructions

*  Reading time - 5 minutes

*  Working time - 3 hours

*  Write using black or blue pen

.+ Board-approved calculators may be
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*  Areference sheet is provided at the
back of this paper '

*  Show relevant mathematical
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10 marks

*  Attempt Questions 1-10

+ Allow about 15 minutes for this section

Section I1

90 marks

+  Aitempt Questions [1-16

¢ Allow about 2 hour 45 minutes for this section
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Section I

10 marks
Attempt Questions 1-10
Allow about 15 minutes for this section

Use the multiple-choice answer sheet for Questions 1-10

9
1 What is the value of (cos%ﬂ'sin %J 7

Ay 1
B 0
© 1
(D) 2

2 The caresian equation of the ellipse is x* +43% =4,
What are the parametric equations of this ellipse?
(A x=2cos8d and y=sind
(B} x=2sinf and y=cos8
(C) x=4cosf and y=sind
@) x=4sind and y=cosf

3 Let z=2-3i. What s the value of 2717

A u%(2+31‘)
® @43
© -3

1 .
@) 5@-3)

4 A wheel of radius 2 metres rofates at 1200 revolutions per minute.
What is the tangential velocity of a point on the wheel?

(A) 40ms!
(BY 80ms’
(€ 251 ms?
D) 260 ms’
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5 The diagram below shows the graph of the function y = f(x). 7 6 Which of the following is the correct expression for jw—l—dr 7
V4x* +36
¥ X ! X
A) sin? 4O : —tan™ ~+C
Y (@) sin2 ® st

_ (C) loge(x+\/x2+9)+C - O %log,(x+\/x*+9)+c

[

' x 2 2

i -4 7 For the ellipse with the equation %%@ﬂ . What is the eccentricity?
B [
A) = fid
A S B) 3
5 5
C = 2
© ,}3 @) ‘Iz

8 A solid is formed by rotating the region enclosed by the parabola y* = dax, its vertex

T
N
e

Y
==

Which of the following is the graph of y=/f(x} ?

G (B) ~ : _ :
. - {0,0) and the line x =« about the x-axis. What is the volume of this solid vsing the

¥y g :
R . A ) method of eylindrical shells?
v 4 E i 3 3

e E T (A) @ nits® (B) ® nits®
12 2 , \
, 7 . e * *m = ) (< _ﬂblrg units? )] 2z’ units’
X t x
I 2 | w2 i NiA |4
- e fm L 9 What is the value of I:J%dr using the substitution x=4sin* 97
: : —-x
-4 =4 (A) 075«
: . B -2
© ™ ' - (© m+6

¥ ¥ D) 3r-38

4 ) 4“‘ !
: 10 What are the values of real numbers p and ¢ such that 1— is a root of the equation
2 A _ 2 Hprtg=0? ‘
ZT\ (A) p=-2and g=-4
x x
M . 2 4 4 2 -t 4 () p=-2and g=4
- Y i N C) p=2and g=4
- : DU D S (D) p=2and g=4

=4 — e
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Section IF

90 marks

Attempt Questions 11 - 16

Allow about 2 hours and 45 minutes for this section
Answer each question in the approptiate writing booklet.

Your responses should include relevant mathematical reasoning and/or calculations.

Question 11 {15 marks) Marks

fi_ 2 :
=2 de. 2

(a) Find I

(B) (i)  Showthat (1-2/) =-3-4i. o1
(ii)  Hence solve the equation z* —5z+(7+1) =0. 2
(¢) Use integration by parts to evaluate J xe “dx. 2

(@) Let z=1-i/3 ,
® What is the exact value of |z| and arg z7 2

(i)  Tind the exact value of z°. 2

(&) Consider the function y=cos™(e")
6] Find the domain and the range. 2
(i)  Sketch the graph of y=cos™'(e*)?

(i)  Hence or otherwise sketch the graph of y= |:c:os"(e‘):|Z . 1

HSC Mathematics Extension 2

Question 12 (15 nrarks) Marks

(#) Let two complex numbers be 2, =2(cos £+7sing) and z, =21,
6] On an Argand diagram sketch the vectors 04 and OB to tepresent z 1
and z, respectively.

(iiy  Draw the veclors z +z, and z —z, on the same Argand diagram. 1
(iiiy  What are the exact vatues of arg(z +z,) and arg(z, -z,)? 2
. _ . .
Use the substitution { =tanZ fo evaluate ['-————————d.
® : L’ 2-cosx+2sinx 4

(c) let f(x)=(2—-x)(x—4). Draw separatc one-third page sketches of these
functions. Indicate clearly any asymptotes and intercepts with the axes.

; L
® 77 2
i) y=@ : _ 2

(d) The parabola y= %° is rotated about the y axis {x:0 <x <2} to form a solid. 3
Calenlate the volume of this solid using the method of slicing. ’




HSC Marthematics Extension 2 HSC Mathematics Extension 2

Question 13 (15 marks) Marks Question 14 (15 marks) Marlks
2 2 @ O Find the three cubic roots of —1 by solving the equation z* +1=0. 2
a) The point P 8,bsiné) lies on the ellipse LANP AR R § >b>0. ..
@ po (acos8,bsind) P a B ore & (iiy  Let @ be a cubic root of -1, where « is not real.
P is a diameter of the ellipse. The tangent to the ellipse at P meets the C © Show that &* =a 1,
vertical through O at R and cuts the y-axis at S, Gi)  Hence simplify (I—a)". - 1
(i)  Prove the equation of the tangent is 2 cosd +§sin9 =1 2
a
(i)  Show the ratio of the area of APOR fo the area of the ellipse is 3
2:xltand] ) ; (b) Find the equation of the tangent to the curve x’y+2x —~2xy =0 at (1, 2). A
{(b) The polynomial equation x*+2x+1=0 hasroois &, B and . ) R
Q) Find the equation with &, 4 and 3™ as the roots. 2 {¢) The tangentat P{asecd,btan@) on the hyperbola a—z—-bT:I meets the
(i)  Find the equation with a?, % and ¥ as the roots, ‘ 2 directrix at Q. The focus of the Parabola isS.
(D) Find the equation of the tangent at P. 2
(ii)  Find the eoordinates of Q. 1
(iii)  Show that PQ) subtends a right angle at S, 2
© @ Find real mimbers @, &, ¢ and 4 such that: . 2
53" +2x-1_a b extd
it Tx X KP4l ’ .
. (4D o el ) {d) A solid is formed by rotating about the y-axis the region bounded by the 4
(i)  Hence evaluate in simplest form 2 curve y=sinx and the x-axis between 0 < x <. Find the volume of this
5x? -3y +2x—1 : ' solid using the method of cylindrical shells. '

J TS

(d) The polynomial P(x)=x*+ax® +bx+28 hasa double rootat x=2. 2
What are the values of ¢ and b7
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Question 15 (15 marks) . Marks Question 16 (15 marks) Marks
(a) A train of mass 2,000 kg is fravelling around a curve of radins 1 km on a ' ’ Ad sides of lenath a. b a4 h el = B g
track banked so that the outer rail is 3 ¢cm higher than the inner rail, where @ Mgg ?:Zr?:::ji?ate:;llg:ri ; ; ol : nde.1f a®+ 5" +e" = ab+be-+ca show that 3

the rails are 1.2 m apart, The banked track makes an angle 8 with the
horizontal, When the train has a speed of v ms'!, the normal reaction force
exerted by the track on the train is ¥ Newtons and the lateral thrust exerted
by one of the rails on the irain is F Newtons, Take g =10 ms”,

@ By considering the forces acting on the train with F directed up the 3 ® Let I, = J~1 (1-x"Y'dx, where r>0, for n=0, 1,2, 3,...
slope, show that F = 2cos8(10,000tand —v*). o 3
(i)  Find the magnitude of the lateral thrust when v is 80% of v, if the ) Show that I, = ::—I I,
n
lateral thrust FF'is zero-when v=v,. : . R
- (i)  Hence or otherwise, find the value of 1, =_[ (1-x1Ydx. ’ 2
- . 0
by Let P(z)=2" ~%z" +1. The complex number w is a root of P(z)=0. .
) (¢) (i) . Usethe binomial theorem (1+x)" =)  "C,x* to show that i
()  Show that iw and - are also roots of P(z)=0. 2 0 ) '
W :
: l,, & ~“Dn-2.(n-k+1) 1
¢iiy  Find all the roots of P(z}=0 in exact form. 2 (1+-)" = Z nn 1 ,) ( ) =
b =9 n k!
(il  Hence show that lim(l+l)" =2+l+l+i+... 2
#30°  p 21 31 41
(&) (@)  Show that sinx+sin3x =25sin2xcosx 1 (i) Prove by induction that ll <% when #23 and n is an integer. 3
(i)  Hence or otherwise soive sinx-+sin2x+sin3x=0 for 0sx<27. n].
’ (iv) Henceshow that lim(1+—)" <3, 1
A-r0 n
(d) A particle of mass m is moving in a straight line under the action of a force, 3 End of paper

F=20(6-10%)
X

What is the velocity in any position, if the particle starts from restat x =17
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.. ¥ =a'(l—-e")
ACF, Examination 2016 _ 3=51—e?)
HSC Mathematics Extension 2 Yearly Examination 7 3 5 > 1 Mark: A
1-e’y==ore’ == ore:J:
Worked solutions and marking guidelines =€ 5 5 X3
2
Cylindricat shells radius is y and height a~x=a -2
Section I da
e 2
Solution Criteria =1 ¥
9 vV aﬁ;2ﬂy(a 4H)é‘y
[cos£+isin£} =c05(9x£]+isin[9x£} 2 2
t 3 3 3 3 1 Mark: A :271]'0 y(ﬂ-%ﬂ)dy
=—1+ix0=-1 ' 8 2 ¥ : 1 Mark: D
x2+4y‘2=4‘ =2HL (}’a"a)dy
L x4
P R | 5 ay Y
3 . DT, T A A
2 4 1 1 Mark: A ”[ 5 16“]0
Hence a=2 and b=1. s 4
Parametric equations are x =2cos@ and y=sind =2 [(4% —%4) - 0:| =2ra
a
a1 243 :
= a0 x=4sin’# and dx = 8sin P cos Od8
3 =i+:;i | Mark: B When x=0 then =0 and when x=2 then # =%
+ . 1ain
1 ] r‘ ’-—Ldr = J“ Juwx!}sinﬁcosé’dﬁ
=E(2+31) *N4-x o N4-4sin* @
2= 1200 mpm 9 :J‘o {an 8 x 8sin fcosHdE | Mark: B
1200x27 . = (*8sin 0de
4 = - 40x radians per second [ Mark: C .[o 3
v=rw =8f’ 5 (1-cos26)d®
=2x 407 = 80 ~ 251 ms™ | '
¥ =4[x—--—sin2e9:L_=ﬁ—2
A . 2
i , Using the conjugate root theerem 147 and 1—7 are both roots of
N the equation z° + pz+g=0.
5 SN . I Mark: D (1+H+1-D+a=0 (sum of the roots)
SRR NN N a=-2
. 21 (+Hx{1—§)x~2 =-¢ (product of the roots) -
. 10 (1 +D)x-2=—q 1 Mark: B
g=4
jJ—Tl_—dx=-;~[J_:_dr A+ D=1+ (1= D2+ (L+D)x2 p
6 4x"+36 I X +9 i Mark: D ' p=-2
=5[eg,(x+\/x2+9)+c Therefore p=-2 and g=4.
2
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Section IT

Solution

Criteria

11(a)

RN TS
j‘{};dw:jl—ﬁ‘/idr

2 Marks: Correct
answer.

ﬁj V1+xde 1 Mark:
2 3 Simplifies the
= E(I +xP2+C integrand,
O | q_op? =1-4i-4 1 Mark: Correct
H YT answer,
11(b) J_—z_—— 2 Marks: Correct
@) | =TI _SxTeD answer.
x
1 Mark: Shows
_Sty-3-4i _5E(1-2) some
2 2 understanding of
nz=3—for z=2+4i the problem.
11(c) d. ., 2 Marks: Correct
.[ xe = I xa(e ) answer,
I - 1 Mark: Sets up
= +-[ edx the integration
=—xg*—e" +C by paris.
HW s ey 2 Marks: Correct
(1) [ZI " (I) - ’ ANSWEr.
=2 7 1 Mark:
d ] Determi
argz=—=- etermines fz|
3 orargz,
() | z=1-13 "| 2 Marks: Correct
(i) - answer.
= 2[cos(—?—3r-]+isin[—~3—)]
) 6 1 Mark: Makes
PAEPA [cos(——ﬁ)wsin (——JTH SOINe PIOEress
3 3 towards the
=2° [cos(-2) +isin(-27)] solution,
=25(1--1x0)
=64
1He) | cos™'(e™):~1<e" <1 bute” >0 forallx hence 0 <e” <1 2 Marks: Correct
(i) answer,

Domain: x <0

Range: Ogycg

1 Mark: Finds
the domain or
range.

11‘@) ¥y 1 Mark: Correct
el3) wt answer.
\1%
4 ; > x
6 -4 -2 2 4 6
I
2 -
”..(.e) Horizontal tote at _x 1 Mark: Correct
(i) orizontal asymptote at y = Answer.
¥
.
)
+ X
& 4 2 2 4 6
X
2
12_(3) ¥ < 1 Mark: Correct
® L at ANSWE.
z
-
2 _—7 4
H
0 X
12(a) . I Mark: Correct
i | See Argand diagram above. answer.
12__(_?1) Vectors OC and AB form a parallelogram. 2 Marks: Correct
(i) However 04 = OB = 2, Hence OBCA is a thombus. answer.

LA0C =lx(£r-£] :Sl {diagonals of a rhombus bisect the
2 \2 12/ 24
angles through which they pass)
arg(z, +z,} =-1%+52—Z
Iz
T4
AB L OC (diagonals of a rhombus intersect at right angles)

x Ir
arg(zl-—zz):EJra
_19¢

A

1 Mark: Finds
the value of
arg(z, +2,) or
arg(z, —z,) or
shows some
understanding.
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12(b)

t=tang

dt =r1—seczidx ordt= l(H—.l'z)dvc
7o T,

4 Marks: Correct
answer

2 3 Marks:
dy=-—5 Correetly
1+ determines the
When x=0 then =0 and when x=% then r=1 primitive
2y 142 function.
2—cosx+2sinx='2(l+l) ([1 r)+4
1+¢ 2 Mark
2 4 arks!
_ 3 +42+I _ (3:+1)(;+1) Correctly
s 1+ expresses the
I% 1 B Jd 1+ _a integral in terms
0 2--cosx+2sinx oA+ NI+ 14+ of .
_ jl 31 )
ThEnen @l 1 Mark:
¢ ) D . Correctly finds
=[log, (3t +D—log, (¢ + 1)1, _ 49 interms of
= (log, 4—log, 2)—(log, 1 ~log, 1) ot and
(tog, 4-log, 2)=( Dg' ) deterrnines the
=log,2 new limits.
[2(c) 1 i ¥ 2 Marks: Correct
)] Y= f(x) - (2-0)(x—4) - answer,
Vertical asymptote at x=2 &
x=4 e 21 1 Mark:
| Determines the
lim—————=0" T ) Varsd asymplotes or
e (2-x}x—4) ' 3 shows some
Horizontal asymptote y =0 4 understanding.
12(€) | lime® X9 ug : y 2 Marks: Correct
(i o= answer.
Horizontal asymptote y=0 4T

When x=2 then y=e¢° =1
When x=4 then y=¢° =1
When x=3 then y=e'=e

1 Mark:
Determines the
asymptotes or
shows some
understanding.

12(c)

Area of the slice is a circle radius is x and height y

I
A=nmx" =a(’¥
2 .
=7;y3

3 Marks: Correct
ANSWET,

12(d) & % 2 Marks: Correct
GV =546y V= 5];1_1}0 27y 8y integral for the
"’Z” volume of the
_ Eﬂy; dy solid.
3 e 2 96w 1Mark: Sets up
P-JT|:‘§J’ :[=?x83 = cubic units the area of the
slice.
13_(3) To find the equation of fangent through P 2 Marks: Correct
® x=gacost  y=bsind AMNSWET
dx . dy
E:—asmﬁ d—9=bc056 éMarkt:l
orrectly
Q:ﬂ;ﬂ’ﬁ:bwsgx 1. —beosd caleulates the
dv d8 dx -asin@  asind gradient.
Equation of the tangent
y-p=mx-x)
y—bsind = ——bclost) (x—acos8)
aysin@—absin’ @ = —bxcosd+abcos® §
bxcosé+aysing = ab(sin’ @ +cos’ )
-:F-cosf9+£s_in9=l
a b
13_(33 K 3 Masks: Cortect
(i) s answer.

P

N
Q o
OSOQR and O s the midpoint of PQ (diameter).

Therefore APOR][|APOS
Area APOR =4 x Area APOS (enlargement factor of 2)

S[O, LJ and P(acos#,bsind)
sind :

Area APG'Szlx_anlcosﬁ:lxi
2" [sin 8] 2 jtand|
1 ab 2ab
Area APOR =dx—x——=
O = el Tean
Area of the ellipse is wab
2ob
At APOR _ Tead _ 2 =2:7ltané|

Area of ellipse " mab  xltand]

2 Marks: Finds
the area of
APOS .

1 Mark:
Recognises
similar triangles
and the
enlargement
factor.
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13(b)

The equation x° +2x+1=0 has reots &, 8,7 .

2 Marks: Correct

® o ) answer.
g A gt L Y] =
x=a”,f7 5" satisfies (L) +2(L)+1=0 1 Mark: Wites
+25+x° =0 an equation in L
A +2x2 +1=0 hasroots o', #' and y7 with roots
a?, ptand ¢!
13(b) 2 g2 . 3 1 _ 2 Marks: Correct
y |r¥=oB%r" o= satisfies (f) +2($)+I_0 answer.
3
0 Aty G _
¥ A2 +xt=0 [ Mark: Writes
% O an equation in
+ with roots
X = (‘_‘21' _1) t;.z ﬂ—z and y2
x4yt -dy-1=0 !
% —4xt —4x-1=0 hasroots «, 7 and y .
BE) | 59 3521201 _a b  extd 2 Marks: Correct
M T T R I answer.
55 =32 +2x 1 = a()(x* + D)+ b + D+ {ex +d)}x?) { Mark: Makes
=ac' +ax+b’ +h+ox’ +dy? some progress in
a+c=5 (coefficients x*) gndmg abeor
b+d =3 (coefficients x*) )
a=2 (coefficients x)
b = —1 (constant}
Therefore ¢=3 and d = -
La=2, b=~ c=3andd=-2
13©) | sy -3 +2x— 1 3x-2 2 Marks: Correct
(it I LRI _‘T ) d answer.
1 Mark:
= jz—-l—f+3—'t— 22 Caorrectly finds
x x x4+l x4+l one of the
=2log, x+i+%log,(x2 +h-2tantx+C integeals.
x
13(d) P(x) =x4 +ax2 +bx+28 2 Marks: Coﬂebt

PY(x)=4x +2ax+b

Rootat x=2
Py=2" +ax2® +bx2+28=0
dd+4a+26=0 (1)

P =4x2 +2ax2+b=0
32+da+b=0 (2)

answet,

1 Mark: Finds
either a4 or b,
Alternatively
uses the double
root by
difierentiating
the polynomial.

13(d) | Bquation (13— (2)
1245=0
b=-12
Substitute b =-12 into Equation (2}
32+4a-12=0
a=-5
Therefore a=—5 and b=-12
14.(3) 2 +1=0 2 Marks: Correct
] (Z+1)( —z+1) =0 answer.
1+ ﬁm 1 Mark; Finds
mz=-loor z= 2 one root.
14_@) . 1 3. 1 Mark: Correct
@iy | The two non-real cubic roots of -1 are Ei—z-r. answer.
These roots satisfy the equation (z* —z+1)=0.
However since @ is not real it also satisfies the equation.
nat—a+l=0 ’
at=a-1
1"4_(_51) (1—a) ={-a*) 1 Mark: Correct
(iid) 2 answer.
=a
= (aB)i
== =1
14(b) | 2y ov—2ap=0 2 Marks: Correct

2xy+x —dl+2 —2y- 2t dy =) (Implicit differentiation)

Q(x’ -2x)=2y-2xp-2
de

dy 2y-—2xp-2

e x-2x

Atl,2)

dp _ 2x2-2xIx2-2 -2 —2
de 1 -2xi o
y-p=mx—x)
y—=2=2(x-1)

2x-y=0

answer.

1 Mark: Finds
the derivative
using implicit
differentiation.
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14(c)
®

N
T

a(# 7).d
(i) to

d\a® b
dy
2x ZJ”‘E dy  bBx
T Coer— =
: x ay

bxasecd . b
axbtangd asinf

Gradient at P{asecd,btan&) =

y—btanf = {x—asecd)

asing
asinfy—abtanfsind =bx ~absecd
bx—asin &y = ab(secf—tandsin b)
[ sin? 9]
= b -_—
i (cos@ cosf

bx—asinBy=abcos8

2 Marks: Correct
answer,

1 Mark: Finds
the gradient of
the curve or
shows some
understanding.

14(c)
(i)

() is intersection of the directrix x =& and the tangent.
e

bxﬂ——asinﬂy =abcosd
e

_ b(l—ecosf) -

esiné
Qs (g b(lwecosﬂ))
” e’ esind

1 Mark: Correct
answer.

14(c)
(iii)

Foous S(az,0) and Qs [&M@J
e esinf

Ei"!.ﬂ.ﬁe! _
Gradient O = —e0 — - b —ecosd)

2-ge  a(l-e")sing

bland _ bsin®
asecl—ae  afl—ecos8)
b(l—ecosb) « bsind

Gradient PS =

I S —esing  a(l—ecosd)
p__v
T I

Hence (5 is perpendicular to FS.

2 Marks: Correct
answer.

1 Mark: Finds
the gradient of
OS or the
gradient of PS.

14(d) Cylindrical shell — inner fadius x, outer radius x+Jdx ,height pA 4 Marks: Correct
: ‘ answer.
v = ﬁ[("”&‘) X ]y 3 Marks: Correct
= g Sy integral for the
4 [2x§1 +0x ]y volume of the
=x(2x+5x)(sin x)dx solid.
V= },{2}, ; (2% +6x)sinx5x 2 Marks: Correct
. expression for
:211]0 xsinxdx SV,
=27 ([—r cosx] ) - ZR'L —cos xdx | Mark:
=2n(r - 0)+ 27 [sinx]; Determines the
, radius or height
=2r of the cylindrical
shell.
15_(a) N 3 Marks: Correct
i) F answer. ’
2 Marks:
Eliminates ¥ to
mg give an
Resolving the forces vertically and horizontally expression for 7
Ncos@+ Fsinf-mg=0 (1)
. 1 Mark:
Nsind—Feosd=""" (2 Resolves the
r forces vertically
Equation (1) xsin# — Equation (2} xcos& and horizontally.
21
F(sin® 8+ cos’ ) = mgsind I cosd
Fe mcosg(grtan@—vz)
¥
Fr= 2000%€058 151 000 tan s —+7)
1,000
=2c0s6(10,000tan 8 —v")
15‘@ Now F=0 when y=v,. 2 Marks: Cotrect
(i) aAnsSwer.

F = 2¢0s6(10,000tan 6 —v*)
0=2cos8(10, OOOtanB—voz)
v, =10,000tan @
Now v=0.80xv,
¥ =064 %%}
=0.64x10,000tan & = 6,400 tan &

| Mark: Finds
the correct
expression for v
or shows some
understanding.

10
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15(a)
@)

F =2¢0s6(10,000 tan 8—v*)
© =2¢o0s9(10,00Han & — 6,400 tan &)
=2¢088%3,600tand

=17,200sin8
Also sinf = @3
{.2
=0.025
F=17,200x0.025
=180N

Therefore the lateral thrust is 180 &

15_0’) The complex number w is a root of P(z)=0 2 Marks: Correct
@ 5 ANSWer.
Therefore P(w)=w'— 3 w'+1=0
5 ! Mark: Shows
P ST | )
Now P(iw)= (iw) 2 (w)" +1 i or 1 are
5 w
=1 it 1 toots of the
2 polynomial or
DA =0 altemnatively
) shows some
1 ty 5.1, understanding,
Also P()=(—) —=(=)"+1
w 2w
:-lﬁ(l—iw‘ +w8]
w 2
1
=—X 0 = 0
N
Therefore hy and 1 are roots of P(z)=0.
. W
15_0’) 2 54 2 Marks: Correct
(i) T5F +1=0 answer.
22° -5z +2=0

(2z' -D(z* -2 =0

nzt =L or z'=2
2

. 1
Rootsare z=3¥2 or z=d-—.
2

1 Mark:
Factorises the
polynomial.

15_(‘3) LHS =sinx-+sin3x 1 Mark: Correct
@ =sin(2x —x) +sin(x +2x) answer.
=8in 2xcosx —cos 2x sin x 4 5in x cos 2x -+ cos xsin 2x
=2sin2xcosx
- =RHS
15(¢) | sinx+sin2x+sin3x=0 2 Marks: Correct
(iiy sin2x+2sin2xcosx =0 from part (i) ANSwer.
sin2x(2cosx +1)=0 ’
i 1 Mark: Uses the
sin2x=0 or 2cosx+1=0 result in part (i)
v 0,2_7!’ ;7,4—;7,2;7 and factorises.
3 3
15(d) 3 Marks: Correct

F=2(6-10x)
X

ma =%(6ﬁ10x)
de_6 10
e 2 X

jvdv:j(x%uiif)dr

-2 -1
lv2=(6xv_10x YO
2 2 -1
i, -3 10
—v =(—+—3+C
2v (_‘c2 x)

When v=0 and x=1
1 -3 10 '
=0 =(—+—)+C
2 12 1)
C=-1
1, -3 10
Syt e () =T
2v (.vc2 x)
¥ =(§+39)—14'
X X
_—6+20x—14x"
B e At
X

=t A3+ 100 720
x

answer.

2 Marks:

Integrates and

uses the initial

conditions to

find an

expression for
|

—v.
2

1 Mark: Uses

dy
— fo
vdr T

acceleration.

1

12
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16(a)

(a-b) =a*+b* -2ab
(b~cV =b +et—2b

(c—af =c +a* —2ca

2[a® +8* + ¢! ~(ab+be+ca) | = (@-b) +(b—c) +{c—a)’

Now a, b and ¢ are side lengths of the triangle and are all
positive real nambers.

~(a—bY 20 and (a—5) =0 onlyifa=h
Hence if a? +5% +¢* = ab+ be-+ca (given)
then (a—bY +{b—cP +{c—a)’ =0
(@b =(b—-cf =(c—ay =0
La=b=c¢

Therefore AABC is an equilateral triangle.

3 Marks: Correct
Answer,

2 Marks: Makes
significant progress.

1 Mark: Uses the sum
of binomial square to
obtain the required
expression.

1‘6(c)

16(b 1 n 3 Marks: Correct
b I=| d-x"dx
a [ '[°( ¥) answer.
I
=[_\~(l—x')":ll —}:J. x(1—x" Y (—rxm Vv 2 Marks: Makes

. v significant progress
=0- m‘jo [(1 —x")- I](I —x"Y dx towards the solution.

1 . - 1 Mark: Sets up the
=0--nr _L (1= —(t-5")"dr integration and shows
=nr(-I,+1,) some understanding,

(nmr+ DI, =nrl,
In = il A=l
nr+1
16(b |Forr=% and n=3 2 Marks: Correct
) (i) aniswer.
3-—&2_. ]2, Iz 2)(2 —_ ¢ » h= ﬁ.}._.xfo
Ixd+l 2x3+1 Ix3+1
o e ‘ 1 Mark: Uses the result
But /, =jo (I-x"Yd= I,,ldr:l from (b)(i} to obtain an
_3x3 2% Ix} ‘zxpm;;'i“ioibz nab
PT3xE4l 2x3+1 Axd+1 amor=a “
81
220
16(c} IR W 1 Mark: Correct
) ( +;) = ; G (;) answer.

= iLL(l)*

-kl e )
_n{n=Dn-2.{n—k+D) |
—g ' k!

ol L, tnn-0mn-2).(r—k+D 1 2 Marks: Correct
0] 1+ ;) - Z HE k! answer.
s :
L (n-1) (n-2) (n—-k+h 1*
=LTR X XX 1 Mark: Splitting
ion  n n n k1 .
) 5 3 !he expression
As n—> o0 then 2= 1, Lt -1, 2251, into fractions.
E " n
hm(l+-—)" 21 VU TSI S S L SR
- o k! 21 31 4! 2 31 41
1?(_0) Test the result for 7=3 3 Marks: Correct
(iii) 1 i 11 ‘ answer, )
— <+ or =<, Therefors the result is true for n=3.
32 6 4
Assume the result is true for n=k. % < % 2 Marks: Proves
; I { the result true for
To prove the result is true for n=k+1. m<'W<2_* n=k+1
S
k+D)! 1 Mark: Tests
1 the result for
(k+ D! n=3
< ———IT Assumption forn=%
k+1)2
<% k+1>2Zasnz=3
2x2
= .217 = RHS
Thus if the result is true for n=14k, it is true for n=k+1. It has
been shown true for #=3, hence true for n=4 and so on.
1?(“) From part (i) 1 Mark: Correct
{iv) answer.

hm(l+~)"—2+ ! e : o ! +..
20 3 4t

=2+_]-+ _l.
2 _3kr

1
<2+2+22“

1 1
<2+ +( 24 +.)

1 a5
<24—+(2
2 (1—%

<2+l+~1‘<3
2 2

) Limiting sum of GP

13

14




