






















HSC Mathematics Extension 2 

ACE Examination 2015 

HSC Mathematics Extension 2 Yearly Examination 

Worked solutions and marking guidelines 

SOLl)-rJ o,Js 
Section I 

.1x<x.+-::Jj== -ti,.f3-d;-) ., -ts-x.'j~.r--e-. 
Criteria 

1 Mark: C 1 . %J +j ·=- ts + -c- -h.- "J -:; (J--6 )(1+ t:) I 

~ 2 4J (l~:;)= I 1~1f?.-:,_) -~6--2z,i . ;t: 1 Mark: A 
- tU< (; :i-V $"" ,cz"i/.& "" tL ~ C.!r'CU -Z.:=.O !:/ ..:-f.i ::: ~ '~1viv-eU 

" °lo~·. 

Slices are taken perpendicular to the axis ofrotation (x-axis). The 
base is an annulus. ·~ .1"'2.f;t.. 
A= :r(r/ -1/) = :r((2-.Jx)2 -(2x3)2) ilul 

= :r(4x-4x6
) = 4:r(x-x6

) 
t . 

' I ~/ I 

3 v = lim2: 4:r(x-x6 )ox 1 Mark: D 
Ox-,.O x=O 'j::,2-t7 

= J;4:r(x-x6 )dx=4:rt(x-x6 )dx 

· [ x
2 

x
1 J [ 1 1 J 1 O:r = 4tr 2-7 0 = 4:r (2-7)-0 =-7-

Q(cq, .:.) is on the normal and satisfies the equation. 
q 

4 p3cq-p.:.+c-cp4 =0 1 Mark: C 
q 

p3q2-p+q-qp4 =0 

p 3q(q-p)=-(q-p)or p 3q=-1 

5 f 1 dx- f dx ..!.tan-1 (x-3) +C 1 Mark: B 
x2 -6x+13 - (x-3)2 +22 2 2 

J\ ('-!f ;~ A ){.2 -:Z:- 3.11:tu 
6 

---~--/--~---· )(..:;,, "'° ':f: -I 1 Mark: C 
~ ' - - ;;.. -1-r . 

-r' \~' 
, ).(. 

~ ,'...,;,"° ,-;... I 
( 

_ ~ / ..,~1MPro,'6 .. - /--0""" 

7 

8 

9 

10 
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tan e = _!_ or e = 
3
" r 2 = x2 + y 2 = 12 + I2 or r = .Ji 

-1 4 

1 . r;:;2( 3:r . . 3:r) - +z =vL. cos-+zsm-
4 4 

(-1 +i)" = ( .Ji)" ( cos 
3
: +isin 

3
: J 

( r;:;)" ( 3n:r . . 3n:r) = v2 cos4 +zsm4 
If a , f3 and r are zeros of x3 + 2x2 + 5 = 0 then the polynomial 

equation with roots a 2
, /32 and y2 is: 

(-.Jx)3 + 2(-.Jx)2 + 5 = 0 

(-.Jx)3 = -(2x + 5) 

x3 = 4x2 + 20x+ 25 

x3 -4x2 -20x-25 = 0 

)(_ j_= e, 

}tt,t 1J = ,,Le.,, 
1j ll)l =- i 

o'bJ·~ +-it\l.z-:::.o 
/17;_ 61 ==-:I /_ ~::: ZR. x >v .:"1< 

- J 
"ic.l<jell 

y 

::.'..+L= I P(acos8,bsin8) 
a' b' b 

-a~ ol~o:$,bsm:) 

-b 
I 

PDQ is a right-angled triangle. Therefore OP
2 

+ OQ
2 

= PQ
2

• _ 

OR c;;d. b1-,;; 
a2 cos2 e+b2 sin2 e+a2 cos2 <p+b2 sin2 <p =- -"?""' of:,. a-;;(P 

=a2 (cosB-cosip)2 +b2 (sin8-sinq,)2 5fl. E)Q:: ~,;.::-c!?, 
;vi- ,:..~44> 

a2{cos2 e+cos2 <p)+b2 (sin2 e+sin2 <p) 

= a2 (cos e-cosq,)2 + b2 (sinB-sinq,)2 

<P()@.='/0" 
. : J'ef,-oPx ,r.,rs.A oo .,,.-( 

'- .. Ir 1:. .~ d? I 
0=-2a2 cosBcosq,-2b2 sinBsin<p ~ X~.-1, ==-

ti. t,:,;f;, '"'" 'I' 

E:-f,.,(). ~ f ::;--j 
,'[,. all-
~ ./e..p_f2//cf::~ 

2b2 sinBsin<p = -2a2 cosecos<p 

sinBsinq, -2a2 e ,1, a2 

-- or tan tan I"= --
Hence cosecos<p 2b2 b

2 

2 

1 Mark: D 

1 Mark: A 

1 Mark: A 

1 Mark: B 
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Section II 

ll(a) 
(i) 

1 l(a) 
(ii) 

ll(b) 
(i) 

ll(b) 
(ii) 

Solution 

lz-( h +hi)I = 1 

Represents a circle with centre ( v'i, v'2) and radius of 1 unit. 
iy 

3 

2 

Ji.) 

< I Qr- 1 ~ ~> X 
-1 

0C=~(v'2)2 +(v'2)2 =2 

.(J)OX :cc 45'"' 
..(.l)i, "!;::. '3o<) 

••• L.. f!t3>x== ,s:"' 
~ <A-oi< = /s--+-3o+3:V 

~

;(;=!~ 
7- ::::::. fik 

JI--

t(j 

:. OE =1 and OD =3 ~~ (.J;:;'.: 
ArgOC=!!... ~ 0 {"""v-

4 ~=z~ 

sinLAOC=_!. LAOC=!!... sinLBOC=_!. LBOC=!!... 
2' 6 · 2' 6 

1r 1r 1r 1r 1r 51r ~ eve 1f' ---:'>argz:'>-+- or -:'>argz:'>- "~ r71_ 
4 6 4 6 12 12 /u-. ~ f".'-<lZ. - -,j_, 

3x2 -3x+2 a 

(2x~ 1)( x2 + 1) 
3x2 -3x+2 = a(x2 + 1) +(bx+c)(2x-1) 

Let x=_!. 
2 

~=ax~ ora=l 
4 4 

Equating the coefficients of x2 

:.a=l, b=l andc=-1 

and x=O 

2=a+c(-1) 

c=-1 

3=a.+2b orb=l 

f 3x
2 
-3x+2 dx- f( 1 x-1 )ax 

(2x-l)(x2 +1) - 2x-1 + x2 +1 

= f(ix
1
-1 + x2\1- x/+l)dx 

i 1 I I -= 2log,J2x-!J+2Iog, x2 +I -tan I x+C 

=1log,[J2x-!J(x2 +l)J-tan-1 x+C 

3 

Criteria 

2Marks: 
Correct answer. 

1 Mark: Draws 
a circle or states 
the radius or 
centre. 

2Marks: 
Correct answer. 

1 Mark: Finds 
[z[ or arg z or 
shows some 
understanding. 

1-z/== 3 
a.--,r,,= [!r 

,J 12-

2Marks: 
Correct answer. 

1 Mark: Makes 
some progress 
in finding a, b 
ore. 

2Marks: 
Correct answer. 

1 Mark: 
Correct! y finds 
one of the 
integrals. 

ll(c) 

l l(d) 

ll(e) 

dx 
Let x=u2 then -=2u or dx=2udu 

du 

f-1
-dx= f-1

-2udu 
x(l +Fx) u2{! +u) 

=2f-
1
-du 

u(l +u) 

=2f(.!. __ l )dx 
u I+u 

= 2[log, u-log,(l +u)] 

= 2log,l-!l-l+c 
l+u 

Fx 
=2log,--,=+C 

1+-vx 

L
,.I[ 

· 1, so:... "'f.x · -1-c,... h v}< 
O a: 

~ 1.,...1-. ~,1;,~"'a 
(J ~ 4't a,, '<->'- ;JC" 

=_(-;lit.(.,{ . €·,;;$ q.."(.)' 2--~ 
:1r: '2. 

"" ): 1::.1-si:. 4-x.-((£,( 4x) ~ 
0 
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3 Marks: 
Correct answer. 

2 Marks: Finds 
the primitive 
function. 

1 Mark: Sets up 
the integral in 
terms ofu 

-= f-.!.(co! 'e-) -/J f ! 3 Mark: Correct 
L 1- - t 7 0 answer. 

-'=:ij ~~ -~ 0) I 2nuic.' /e, 
== _! (..J.;-<> - _!_ J. I &-),\,"' ~ Cc-(j).O • . " J 

I ~o I ~' ~ ix(-~-•) I I 
M~k &oerif 

"'_ ~ answer. 

"ij 

2 Marks: 

z,z2. = (~<t>, + 'is,::. 0)(1:o& e.,_+2 ~,::...o,) 
Correct answer. 

-~ caf;l,~o-.,_ +i's;::._o,~~P,..+- c:s-... 01c-o.... 
+i,;;,iit 0.,.u,-(" tJ, 

= te<.'ll,U:I.t>,_ - I $;:_t), ,s..._t;,_. ) 
+ i. (,:Jfc:.« ,:;.,_ +- ~ .:;. A~ o, 

·- C,s;( b,-t ti,) 1-Z ;;·.: (o, -1-0,.). 

1 Mark: 
Substitutes into 
z1-+ z2 = 1 and 

uses the 
conjugate. 

4 t..:nhzµtrrf ~u;ne>-J/5; 
to ltith$. J

i ,,.,,x/-4<A-~ 
__.:....--- .. f" .-----7' 

~Xl-( i -~l< 

= f )-. ~ )\.. d.-,c. J I- ,:,... 'L _, . 

011:(i) 

- - -=lC I -"?i<1 .i,e, :- G<G°7:t 

= r i - .;,,__x.. _)_ ay. 
J to~~ ~ ·U?·' 

::: I~).ll - ~..l,.....i<4 - . 3, ~ - I x..C¢>t>< 

~ fkK _ xt>C +? ¢ Co<,.__ ~ 

4 

:;;;.~"-~ 
~ ~..,_)(t+-~x.; 
-~'l<.. ----,----::--



12(a) 

12(b) 

12(c) 

3-+ b - I 
1:-k- - -J-t-;,.i, (. 
a.(1+2,:.')-1-- h{t+t )==-\fk){1+;i;:) 

t'-(yb ·i- ~ (2tt_,i,.,b) = /f-'l("i, .J-"L~ )._ 
= -1 ,/-3~ 

L -( 
0-+-i_c>s::. 3 -

24.±.£.._ c<:- -

-<\..:: -J.{-
a.,. 'f 

·~ ,wi-= ~I 
4-1--i., ..,-( 

b-::::-5'' 

z = 1 + i satisfies the polynomial z2 
- biz + c = 0 

(l+i)2 -bi(l+i)+c=O 

1+2i-l-bi +b+ c = 0 

(b+c)+(2-b)i = 0 

Equating real and imaginary parts 

Therefore b = 2 and c = -2 
y 

s' 

.. l 

v 

Same volume as y = x2 rotated about the x-axis. 

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

A=try2 

= ;rx• 

5V = 5A.5x 
2 

V = lim l:1rx45x 
Ox-),0 x=O 

= J: 1rx4cix 

=1r[ix5I 

tr 25 32,r b' . =-x =-- cu 1c umts 
5 5 

5 
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]Marks: 
Correct answer. 

1 Mark: Shows 
some 
understanding 
of the problem 

2!1uk·. ~· 
1{),t)J .L...k 
""~·-- (J 

2 Marks: 
Correct answer. 

1 Mark: Uses 
the factor 
theorem. 

3 Marks: 
Correct answer. 

2Marks: 
Correct integral 
for the volume 
of the solid. 

1 Marks: Sets 
up the area of 
the slice 
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12(d) 
(i) 

12(d) 
(ii) 

To find the equation of tangent through P 

y=bsinB 

dy =bcosB 
x= acosB dB 

dx . B -=-asm 
dB 

dy dy dB 
-=-X-
cJx dB dx 

=bcosBx--1-= -bcosB 
-asinB asinB 

Equation of the tangent 

y-Ji=m(x-.x;) 

. -bcosB 
y-bsmB=--. -(x-acosB) 

asmB 

aysinB-absin2 B = -bxcosB+abcos2 B 

bxcosB+aysinB = ab(sin2 B+cos2 B) 

.::cosB+l'..sinB = 1 
a b 

y 

-----
-j-~~~~+-~~~--'i....:::~ x 

AtB x=O and .Q_cosB+l'..sinB=l ory=bcosecB 
a b 

Point B is (0, bcosecB) and Point C is (0, bsinB) 

OCxOB =bsinBxbcosec =b2 

2Marks: 
Correct answer 

1 Mark: 
Correctly 
calculates the 
gradient 

2Marks: 
Correct answer 

1 Mark: Finds 
the coordinates 
or B or C. 

12(e) I f( ) • 3 , 3 (i) x =x -4x ,f (x)=4x -12x2,f"(x)=12x2 -24x 1'1.Marks: 
Stationary points f '(x) = o olfl~ C!)PJ/e Correct gKe,M, 

4 
1 l 2 2 5;;.;tre.W>.f It . 

x - 2x =0or4x (x-3)=0orx=0.or3 1 

f "(O) = 0 possible point of inflection. ./(x)::: >t 3(',t -j) 11~ !"(3)=36>0 (3,-27)isaMinima .:f'(-;,t)-:::0 " 1 

~

If'- . 0 = 'll3(x - v 
~ Pomts of inflection f "(x) = O /? ..l.i 

2 '>l""-t? ')t.,,,l(-
. 12x -24x=Oor12x(x-2)orx=Oorx-2 ,,_ · /l __ - ~ x~o ~i""C""""~ 

~ f "W) > o ~df"(~·) < ~ /f;;;/ ~ 1 f :s 1 ark: fp,,( 
Hence (0,0) 1s a pomt ofmflection .l,w'f1t_ a.~ 4 ~~(l?Jit·vrl 
f "(T) < 0 andf "(2+) > O 0 ; cwrv-e.,.c,,ih. ~ ~~!/,~ t:.1 

lMarks: · , 
'(/;;,71~,,l 

':/Y:t~ ·'J 

Hence (2,-16) is a point of inflection 

6 



12(e) 
(ii) 

13(a) 
(i) 

13(a) 
(ii) 
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-E+-~"71-"-<c--t----t--?X 

The real solution of x4 -4x3 = kxis given by the x values where 

y = x4 -4x3 and y = la: intersect. If k > 0 then from the graph 
there are 2 real roots. 

)' 

>-. 
.'-, 
~ 

'-"-... 
E I ·, / 

/)k !I IX I . / ) J.: 

~/ 

/ 
/ 

Focus S(ae,O) and at P (directrix x = ~ and asymptote y =!:_x) 
e a 

:.P(;,;) a b a b 
AtP x=- and y=-x-=-

e a e e 

l!. b 
Gradient PS=-• - = ---

7-ae a(l-e2) 
Gradient OP=!:_ 

a 

b b b2 b2 

.'.17lim2 =---X-= =-1 
a(I-e2

) a a 2 (1-e2
) -b2 

Hence PS is perpendicular to OP. 

PS
2 
=(;-ae J +(;J 
= _!._[ a2(I-e2 )2 +b2

] 
ez 

1 [ 2 2 2] =- -b (1-e )+b 
ez 

= _!_[b2e2] 
ez 

PS=b 

r 

1 Mark: Correct 
answer. 

2Marks: 
Correct answer. 

1 Mark: Finds 
the coordinates 
of Porshows 
some 
understanding 
of the problem. 

1 Mark: Correct 
answer. 
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1~.\a) / Perpendicular distance from S to Pis b (from parts (i) and (ii)). 11 Mark: Correct 
(111) Tangent to a circle is perpendicular to the radius through the answer. 

point of contact. Therefore P is the point of contact of a circle 

13(a) 
(iv) 

13(~ 
(i) 

(;i) 

with centre Sand radius b. Similarly, by synunetry Q is the point 
.of contact of a circle with centre Sand radius b. 

If a =b then b2 = a2 (e2 -1) 

b2 = b2(e2 -1) 

e2 =2 ore=.fi. 

Hence S(a.fi.,O) 

Using the locus definition of a hyperbola with SR= ST= b 

b 
--=e 
x-.<1. 

c 

b = e(x--;) 

_a+b_a+a_ r;::
2 x--e-- .Ji -avL. 

Therefore, if a = b , R and T have the same x coordinate (a.Ji) 
as S. Hence R, S and Tare collinear and RT is the diameter of the 
circle with centre S. 

c. 
i~J) 
j~ tJ. p 

""'I\ !}_A ...!--

11 ~ 

?A ::::- 51,1 '0-

~ ::= i'lt 

n~~:::.Pfl 

~ tJ,,:::. !:!!..... • J3l> .;::, ,.J!J._ 
1?,P -- M&-

= !>/ 5'..et' tz 

(i 

/' 

/ 

2Marks: 
Correct answer. 

1 Mark: Finds 
the eccentricity 
orthex
coordinate of R 
or Tin terms of 
a, band e. 

Marks:2, 
Correct answer. 

Marks: / 
Makes 
significant 
progress 
towards the 
solution. 

_.::;: BA-:::::- L(P}:::- 111~ Pi- n u,~t9 
(ii} f#~m~s ts)-!+- 11@1hB)-1 

l·\)12 Marks: 
\JI, f).,.. ,1. 4 -

~I /J0!/U,'/t:t/ 
d'- --'2. s'l-ze.-"' -111 0 P) .-'!:,;vr&- -11(51':tO; C-4 t}-

~ pt fe..tL. ·- ~~ 6)- / 

dt.. 
71;-=0 

'S:o 

495~ ~a;.~ 

D~~-ll~ 
toJ,__P, ~p;,lp-

3 
M :S1i1 70 -;;:- 1 ca lir 

-kf..3p ::;--~ 
/ 

'- 11§ 1~ Nfr<v -r;n. o- ~ ,;;-j fl?.~ \/"" 

>- /"'-\.)... L J. h/3 /, z. "-
.;'0 L =- l(,':J +- l'/Y/ :if'- ~ L::. 11 Y: +l?'/3 

~ 

1 ~ark: 

. fPc J· j_~-' 
{/(ql(J');.,-,i:-,,, ; 

3 !Yl!Wt£ ' Ml 
t,o,tr.uf. 



~-

13(b) 
(i) y=1~1=1 x

2 
I (asymptote at x=±l) 

x2 -1 (x+l)(x-1) 

y = l-4-I = 1~1 x-+ ±cx:J, y -+ 1 ( asymptote at y = 1) 
x -1 1- , , ;i:~ 

x -';}=~(,-) =:: -,:--
)' !' z -I 
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2Marks: 
Correct answer. 

;r2-
1 Mark;J= ;_;;:; 
Determines the 
asymptotes or 
shows some 
understanding. 

I IA.(t.,rk -le-, _JI: L =~ 
~

2 
- 11

1

f~ 
II ~: _,--

.. ~, x _ ,_ I 
I 

j=- {# I 

13(8) 
(ii) 

14(a) 
(i) 

-4 -3 -2 - 1 12 3 4 I -
1 I .... , 
~ l { 1~4 I ) ' 

y 

,,iH t 
2 3 4 

Let z = a+ ib where a and b are real. 

zz = (a+ib)(a-ib) 

=a2-i2b2 

= a2 + b2 = lzl
2 

14(a) INowz =w z =vz=vwandlvl=l 
(ii) I ' 2 I 

Z3 =VZ2 

=vxvw 
=vvw 
= lvl

2 
w from (i) 

=w 

't 

2Marks: 
Correct answer. 

1 Mark: 
Determines the 
asymptotes or 
shows some 
understanding. 
(,r,.,~l~. 

1 Mark: Correct 
answer. 

2Marks: 
Correct answer. 

1 Mark: Uses 
the formula to 
obtain an 
expression for 

Z3· 

14(b) 
(i) 

14(b) 
(ii) 

I 14(b) 
(iii) 

14(c) 

Integration by parts 

I = f'f sin"-1 xsinxdx 
n Jo 

" " 
= -[sin"-1 xcosx JI+ (n-1) f: sin"-2xcos2 xdx 

=(n-l)J}sin"-2xcos2 xdx 

I =(11-l)f\in"-2 xcos2 xdx 
" Jo 

= (n -1) J; sin •-2 x(l - sin 2 x )cl-.: 

=(11-l)J;(sin"-2 x-sin" x)dx 

=(n-l)[I,_2 -I,]=(n-l)I,_2 -nl, +In 

nl, = (n -1)!"_2 

I = (n-1) I 
n n-2 

ll 

I = (4-1) I 
4 4 2 

=ix (2 -l) I 
4 2 ° 

=ix rtldx= 3ir 
8 Jo 16 

---- 7( 

/1 
\ I I 

I I 
I i 

-3 R-=-FF;l -+4~,x 
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2Marks: 
Correct answer. 

1 Mark: Sets up 
the integration 
and shows 
some 
understanding. 

2 Marks: 
Correct answer. 

1 Mark: Makes 
some progress 
towards the 
solution. 

1 Mark: Correct 
answer. 

4Marks: 
Correct answer. 

3 Marks: 
Correct integral 
for the volume 
of the solid. 

2 Marks: 
Cylindrical shell - inner radius x, outer radius x + ox ,height y. Correct 

expression for 
JV. 

JV= ir[(x+Jx}2-x2 Jy 

= ir[2xJx+Jx2Jy = ir(2x+ Jx)(log, x)Jx 

V = 2x J!Stir(2x+c5x)log, xc5x = 2irf ( xlog, x)dx 

=2ir([1og.xxix
2
J-rGx

2
x;}x J 

= 2ir[ie
2 -1 f xdx J = ir( e

2 
-[ ~ n = f (e2 + I) 

1§ 

1 Mark: 
Determines the 
radius or height 
of the 
cylindrical 
shell. 



14(d) 

lS(a) 
(i) 

lS(a) 
(ii) 

IS(b) 
(i) 

HSC Mathematics Extension 2 

tlf@) si.e(J ~~ A L 
LHS ~ ,Z~.,___,, % t<H£: 2-~ 1,:::-&' 'C_VtDJ.~~ 

T/l<,'TF 8 ~ 8 
s~ M~·k=- ~,-("n:::U 

J..(zk)"- ~C!:-"-) ""HJ-k) + ,_ 
4k~ >/ J..k'-+ k..-+ I . {.J') 

~ ~ ~ ~ ,i;:,.2h....-+2-

"7o ~: )....{-i,tci- 2..) 2 ~ (µ..+2) .,__+(!fi_+-3)+ 2-

7/uf. /s ,fk_~)tk.+1 ~ 2/k'1-'2tw) .,..Qu-t)-tl 
4k1--flfH1- ~ Zk:,_+ ~ -t-.q-

Lft; 4k .,__+-8Hlf.. );, f2k,,_t-k.+ 1) ~ tkl-if 
,. 1_· ~(+:) 

-~ 2Ja_ 21- q k. t-5' ~ 
~I 2..k.. '2-+- rk .,- 1- ,<3- ~,,.,d 

ct:, lf.h'l---tSH4- ~ 2k..,_+J..'R+ 1- -:i ../ , i~,, F "-- . 
.,,1,,L it ~ .d,,./c..-.7t 19- ,.....-; ,1- i ~ 
~ .,. ,,> . 1- ,. "" {?,,i.J /1::: 2/.er -fJw. 

~A-.L- rr "' ._,...,......._... . c( ?O'" ~ 
.&'_ n """ 2.t- 2.-:::. ,;-/. w= 41-2;; 9 ""--
,c,tl w-uw v",v{.v...A4 ·-r n.,_ 

P(x) = (x-a)2 Q(x) 

P'(x) = (x-a)2Q'(x)+2(x-a)Q(x) 

= (x-a)[(x-a)Q'(x) +2Q(x)] 

Therefore P'(a)=O and x=a isarootof P'(x). 

P(x) =}-ax2 +b has a rootx=a 

P(a) = a.1-aa 2 +b = 0 (1) 

P'(x) =Jx~-2ax 

P'(a) =3a1---2aa =0 '· 'lik..JJi. =~C(. 
e::.(l((?:4-ZA)::.o . 

Substituting qi(·=:~. into equation (1) 

&f 111 (id+b .. =O 

f~o~) 

~ --tci!. 1-:b=O 
.. .1.7 "".:·,c,· 

'...._ 1:f!_'f.;,6 :::,..0 ' • 

.. - f!:?~ ~ .... , .. ., . . . 
- .f-.:; 3-1-27 !, :::.. 0 

s,;:; 14 3_271> "'- (..) 

Solving the equations y = x4 + 4x3 and y = mx + b 

simultaneously has two solutions ( x = a and x = /3 ). 

:. x4 + 4x3 
- mx -b = 0 is degree 4 with multiple roots at x = a 

and x = f3. Zeros are a,a,/3 and j3. 

f1 

3 Marks: 
Correct answer. 

2 Marks: 
Proves the 
result true for 
n="t.and 
attempts to use 
the result of 
n=k to prove 
the result for 
n~+'l-: 

1 Mark: Proves 
the result true 
for n =2 

1Marks: 
Correct answer. 

~ -- . 
) 

2Marks: 
Correct answer. 

1 Mark: Shows 
some 
understanding 
of the problem. 
pl(i;..)--::-0 ~ 

d::o-¥1 t5J'f 

c-.-f 
1 Mark: Correct 
answer. 

lS(b) 
(ii) 

IS(c) 
(i) 

IS(c) 
(ii) 

b 
a+a+/3+/3=-

a 

2(a + /3) = -4 or a+ /3 = -2 

aa + a/3 + a/3 +a/3 + a/3 + /3/3 =::.. 
a 

a 2 + /32 +4af3 = 0 

(a+f3) 2 +2af3=0 

a/J=-2 

d 
aa/3 + aa/3 + a/3/3 + a/3/3 = -- and 

x=g-kv 

2aj3(a + /3) = m 

m=8 

a 

Newton's second law: n 
dv _ -kv 
dt-g gkv 

dv 
dt =g-kv 

dt 1 

dv g-kv 

1 
t =-,;log.(g-kv)+C 

Initial conditions t = 0 and v = 0 
·1 

0=-,;log.(g)+C 

1 
C=-log.g 

k 

1 1 
t =-,;log.(g-kv)+,;log. g 

=..!..log.(-g ) 
k g-kv 

kt= log. (-g ) 
g-kv 

e"'=-g
g-kv 

ge"' -kve"' =g 

kve"' =ge"' -g 

v=K(l-e-"') 
k 

ti-

aa/3/3 =!: 
a 

(a/3)2 =-b 

b=-4 

HSC Mathematics Extension 2 

3 Marks: 
Correct answer. 

2Marks: 
Makes 
significant 
progress 
towards the 
solution. 

1 Mark: Uses 
the 
relationships 
between the 
roots and 
coefficients. 

1 Mark: Correct 
answer. 

3 Marks: 
Correct answer. 

2 Marks: 
Correctly 
substitutes the 
initial 
conditions into 
the expression 
fort 

1 Mark: Finds 
the correction 
expression for t. 



15(c) 
(iii) 

16(a) 
(i) 

16(a) 
(ii) 

dv dv 
-=v-
dt dx 
dv 

v-=g-kv 
dx 
dv = g-kv 
dx v 

dx v 

dv g-kv 

f
-l(g-kv)+K 

x= k k dv 
g-kv 

1 g 
= -kv-,1log,(g-kv)+C 

When x = 0 and v = 0 

1 g 
0=-kxO- k2 log.(g-kxO)+C 

HSC Mathematics Extension 2 

3 Marks: 
Correct answer. 

2 Marks: 
Makes 
significant 
progress 
towards the 
solution. 

1 Mark: Uses 
results for part 
(i) to determine 
an expression 

dx 
for -

dv 

~ ( ·y>i /;_ v_ l,io 1. f-.e- . 
I J -b~Ji. t . .5 

t.:::7"° :::: .5l ~ v""rr'·-Jt.. 
C=_[_log g k2 ' 

1 g g 
x=--v--log (g-kv)+-log g 

p, v<i 
~.f:~V;>o ~-fl.i Coo k_v(f 

'f) '7k-V 0: , I A/1/r{{.K 

kk2' k2' 

1 g ( g ) =--v~log --
k k 2 

' g-kv 
.IV ,I - -

z" =[cosB+isine]" 

= cosne+isin ne 

-=[>V-ooj711. 1 2 Marks: 

..!._,,,; [cos6+isiner 
z" 

= cos nB-i sin nB 

z" _..!._ = cosn6+isinnB-cosn6 +isinne 
z" 

= 2isinne 

(z-;Js =zs +5z
4
(-;J+10z

3 (-;J +10z
2 (-;J 

+sz(-; J +(-; Js 
( s I.) ( 3 1 J ( 1 J = z -;;-· -5 z -?" +10 z--; 

(2i sin e)5 = 2i sin se -10i sin 3e + 20i sine 

sins e = ..!..(sin5B-5sin3B+lOsinB) 
16 

1j 

Correct answer. 

1 Mark: Uses 
De Moivre's 
theorem 

Z.Marks: 
Correct answer. 

:fMarks: 
Makes 
significant 
progress. 

( ~-

.'i 

16@ 
(iii) 

16@ 
(i) 

16fi,) 
(ii) 

16(.ij 

/ 6 ti',,, s- IJ. ~ ~ !>ti -s;-~,;. 3 lff, f lo>;._& 

1&6;;.~ - la,.'. t' .::.:- 5/;., !6i -~s ,~3 6? ::: Cl> 

Mathematics Extension 2 

~ S/2v-e i65;;,,.$p-;,cf:w P :;;O (f};;:.~-sJ~;~~~C> 
,,r,Co G111 {}:. 0 e-r- s11 (;..=-±<!If 1~ 0~(}.(.'7i 

&.=o" . 'ff' 
I {):. /-eqs-4r,,,:, ~ -1·0qS'f{, 

,:: /-1"'iJr6J 2_,0/fli:.,I.JC 

.h) ~r~ µ,1t,,;:. ()~OJ S,1 f J 2-

Consider l'iBNQ and MMQ. 

L.QBN = L.QAM (angle between a tangent and a chord equals 

the angle in the alternate segment) 

L.QNB = L.QMA = 90° (perpendiculars from Q) 

:. MNQ Ill /'iAMQ (Two angles of one triangle are respectively 

equal to two angles of another triangle) 

MLQ Ill MMQ is a similar proof. 

Consider /'iALQ and MMQ. 

L.QAL = L.QBM (angle between a tangent and a chord equals 

the angle in the alternate segment) 

L.QLA = L.QMB = 90° (perpendiculars from Q) 

:. /'iALQ Ill MMQ (Two angles of one triangle are respectively 

equal .to two angles of another triangle) 

QN = QB (matching sides in similar triangles MNQ Ill MMQ 
QM QA 

) 

QM = QB (matching sides in similar triangles /'iALQ Ill MMQ) 
QL' QA 

QN QM 
:. QM= QL 

This represents a geometric sequence ON, QA1, QL, ... 

J h 
~ 

z,d,{:;" -:-1,~ d>1 = !+-{;,;,.. i Cf~_ ~ 
f..11...<>-L ,! $., -;Jl-f ;;<.- =" _,_,_,_.,_ -t :::'7Wt>- I Tl/ 

# f.:uvb_ ! _z t#. .,_ - "' J i+t:-o:t -). a 
=~ ,W; ·rt 

1-t- -fw- /"'2-• =f {j;;) -r 
I -"=' j ~) ,_ =- ?:.!i::[!) +- ,:_ 

-( 
-2-- -r c:-= ~ 

-2.. 
FR1M177fl.8 = --f'U{ r/ 

f- ,::_. 

&mc/2.!, ~ 1> 1? e: 
;- C%,c. -/-- C. 9'Y -*,.,..~ -s:-e-e-->t. ;-- c_ 

J+s;l: ... ,11. 

If 

dJMarks:o,p,3 <

Correct ·anm_er. 
i.1:zt11et-1ks-~. , , son ...,,_ 

1 Mark: Makes 
some progress 

ii-to lbff~{t;_~9"., tr 
,..._.·.,.· ......... _. 
3 Marks: 
Correct answer. 

2 Marks: 
Makes 
significant 
progress 
towards the 
solution. 

1 Mark: 
Applies a 
relevant circle 
theorem. 

2Marks: 
Correct answer. 

1 Mark: 
Matches the 
sides in the 
similar 
triangles. 

3 Marks: 
Correct answer. 

2Marks: 
Makes 
significant 
progress 
towards the 
solution. 

1 Mark: Sets up 
f (x) and uses 

calculus. 


