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Section I

Attempt Questions 1 — 10.

1 mark each. Total: 10 marks
Allow about 15 minutes for this section.

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

1 Inthe diagram below DA =x, DC=y, BE=s and BC=1.

A D
C
B
E
The correct relationship between x, y, s and ¢ is
(A) xy-st=0 B) xt—-sy=0
©) st—xy=Q@-9)(+1) D)  st—xyp=(x—s)x+s)

2 The locus of the graph of ELrg,(Z“z):ZE is
4 z+2i) 2

(A) a semicircle passing through the origin
(B) a circle with centre at the origin

(®)] an ellipse with a focus at the origin
(D) a hyperbola not passing through the origin

3 What is the volume of the solid formed when the region bounded by the curves y =2x’
and y= 2/x is rotated about the x-axis?

(A) o cubic units
14
O . .
(B) —— cubic units
14
5w . .
© = cubic units

(D) 19_-7-7-[— cubic units
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The normal to the point P(cp, —C—) on the rectangular hyperbola xy =c” has the equation
p

p’x—py+c—cp* =0. The normal cuts the hyperbola at another point O (cg, —C—) .
q

What is the relationship between p and ¢?

A)  pg=-1
(B) plg=-1
© pg=-1
(D) pig=-1

Which of the following is an expression for J.—————l—dx ?

x*—6x+13
(A) %tan"@+C
(B) ~;-tan-‘—(-3‘--‘3-)-+c
© Lt E=Y,c
4 4
©) Lt E=Y e
4 2

What is the number of asymptotes on the graph of f(x) = 7x ?
. x“ f—

A) 1

B) 2

< 3

D) 4

What is (—1+1i)" expressed in modulus-argument form? (n is a positive integer)
(A) (cos P% L isin Ej
4 4
(B) (\/—2_) (cos———-&—zsm%@j
© cos———+zsin2%7—z-J

(D) (x/_?:) (cos————+z‘sin§nz7—z—)




8 Let?, B and 7 be the roots of the equation X +2x°+5=0
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2 2 2
Which of the following polynomial equations have the roots & > pandy g

(A) X —4x* -20x-25=0
(B) ¥ —4x* =10x-25=0
©) X —4x* —20x-5=0

(D) ¥ —4x" -10x-5=0

d
9 When x” =e¢ isimplicitly differentiated the result for Zii is

-y Yy
(A) xloge x (B) xloge x
~xlogex xloge x
g —— D —
©) > ) .

10 Points P(acos@, bsinf) and Q(acosg, bsing) lie on the ellipse —)-C—;— + poie
4 2

The chord PQ subtends a right angle at (0,0).

Which of the following is the correct expression?

bZ
(A) tanftang=-—

2

2

(B) tanOtang =--;f2—

2

(C) tanftang = —Z%—
a

(D) tanftang = —Z;

2

2

Y _1.
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Section IT

Attempt Questions 11 — 16.

Allow about 2 hours and 45 minutes for this section.

All questions are worth 15 marks each. ' Total: 90 marks
Answer each question in a new writing booklet.

Include relevant mathematical reasoning and/or calculations in your responses.

Question11 (15 marks) Begin a new writing booklet. Marks

(@ ()  Onthe Argand diagram sketch the graph of \z ~(v2+ \/Ez)l =1. 2

(i)  Find the largest possible value of both |z| and argz if z 2

satisfies ]z ~(V2+ «/iz)l =1.

®) @ Find real numbers a, b and ¢ such fhat 2

3x* —3x+2 __a +bx+c
(2x—1)(x2+1) 2x—-1 x*+1

(i1) 3x° —3x+2 - 2
. dx in simplest form.
(2x-1)(x* +1)

Hence evaluate .f

2 1
Use the substitution x =u~ (u >0) to evaluate | ———dx. 3
(© ( Ix(1+J§)
(d)  Find the exact value of J-: sec4x tan 4xdx . 3
© Let z =cosf, +isinf, and z, =cos6,+isin@, forreal 6, and 6’;.
Show that zz, =cos(f, +6,)+isin(f, +6,) . 1
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Question 12 (15 marks) Begin a new writing booklet. Marks

Let z = % and z, = Y where a and b are real numbers. 3
+1 + 41

What is the value of a and b, if z, +2z,=17?

(a)

(b) Let z=1+i bearoot of the polynomial z* —biz+c =0 where b and c are

real numbers. Find the value of 4 and c. - 2
(c) The parabola y=4-— x* is rotated about the line y =4 for {x:0<x<2} to 3
form a solid. Use the method of slicing to find the volume of the solid.
x?_ y2
(d) The point P lies on the ellipse ;7+?97 =1 where a>b>0.
Y
B
/I P(acosB bsind)
/ 3
1) Use the parametric representation of an ellipse to show that the 2
equation of the tangent is X cosO+2Lsing=1.
a
(i1))  The tangent at P cuts the x-axis at 4, y-axis at B and C is the foot of 2
the perpendicular from P to the y-axis. Show that OC X OB = bZ.
(e) (i) Consider the function f(x)=x*—-4x’. Sketch the graph of y = f(x). 2
(i)  Hence or otherwise find the number of real roots of the equation 1

x* —4x® = kx, where kis a positive real number.
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Question 13 (15 marks) Begin a new writing booklet. Marks

2 2

(a)  Hyperbola 3} —-gb/—; =1 has focus S on the positive x-axis and the corresponding
2 B

directrix cuts the asymptotes to the hyperbola at points P and Q in the first and
fourth quadrants respectively.

(1) Show that PS is perpendicular to the asymptote through P. 2

(i)  Show that PS=5b. 1

(i) A circle with centre S touches the asymptotes of the hyperbola.
Deduce that the point of contact are the points P and Q. 1

(1v)  The circle with centre S touches the asymptotes of the hyperbola
and cuts the hyperbola at the points R and 7.

Show that RT is a diameter of the circleif a=b. 2

(b) By first sketching f(x) = —jc;I, draw separate one-third page sketches of: 1
x“ .

@O y=Ilf&)l : 1

@ y=log [f(x)] 2

(c)  Theline AB drawn through a fixed point P(m, n) cuts the x-axis at 4 and
the y-axis at B. Angle BAO= 6.

Y

) Show that L(6), the length of AB, is given by L(8) = m sec8 + n cosecH. 2

(ii)  Provethat tan®6 = 7—7;— when L(8) = 0. 3

2 2
Show that this generates a length of / (m3+n3) for AB.
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k
Question 14 (15 marks) Begin a new writing booklet. Marks
(@ . e
® Show that zz =|z|” for any complex number z. 1
CYR sequence of complex numbers z, is given by the rule z, =w and
z, = vz, , wherewis a given complex number and v is a complex
number with modulus 1. Show that z, =w. »
(b) Let I = J'OA sin” xdx , where n is positive integer.
) Show that I, = (n —1)[5 sin"? xcos® xdx when n>2. 2
. (n-1)
(i)  Provethat I, =-—+1, , whenn=2. 2
144
(iii) ~ What is the value of 1,? 1
(c) Asolidis formed by rotating about the y-axis the region bounded by the 4
curve y =log, x and the x-axis between 1< x<e.
Find the volume of this solid using the method of cylindrical shells.
(d) Show, by mathematical induction for even integer values of », that 3

2n? > nf+n+2 forn>1
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Question 15 (15 marks) Begin a new writing booklet. Marks

(@ @) The polynomial P(x) has a double root at x=c . 1

Prove that P'(x) hasarootat x=c.

i)  The polynomial P(x) =x* — ax® + b has a doublerootat x=a. 2
Show that 4a® -27b=0.

(b) A4 and B are on the curve y = x*+4x’ at x=a and x= B respectively.

(©)

The line y =mx+ b is a tangent to the curve at both points 4 and B.

(i)  The zeros of the equation x* +4x’ —mx—-b=0 are a,a,f and §. 1
Explain this result.

Use relationships between the coefficients and the roots to find the

(i) values for m and b. 3
Arock is dropped under gravity g, from rest, at the top of a cliff.
The vertical distance travelled is represented by x in time ¢.
Air resistance is proportional to the velocity v of the rock.
. . dv .
@) Explain why % g—kv. 1
t
(i)  Show that v= %(1 —e™) when ¢20. 3
1.8 g
(iii)  Show that x=-— —k—v + s log, (;——k;j . 3
(iv)  Verify that kv <g. 1

10
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Question 16 (15 marks) Begin a new writing booklet. Marks
(a) Let z=r(cosf+isind) where z#0 and n=1 for integer n.
@) Use De Moivre’s theorem to show z" — —17 =2isinnd for n=1. 2
z
5
33 1 = 5 i 3 ._:L_ 0 ..];
(i)  You may assume z—; =(z —ZS)—S(Z —~ZB)+1 (z—z).
s 1. . . 2
Show that sin’ 8 = e (sin 50 —5sin36 +10sin ).
(ii1)) Hence solve sin58 = 5sin36 to the nearest radian for 0 < 8 < 7. 3
(b) Tangents P4 and PB are drawn to a circle. Point Q is on the minor arc 4B.
Perpendiculars QL, OM and QN are drawn from Q to PA, AB and PB
respectively.
A
L
M P
N
B
G)  Show that ABNQ ||| AdMQ and AALQ || ABMQ . ‘ 3
(1i1))  Hence show that QN, QM and QL form a geometric sequence. 2
(c)
Find a primitive function of — . 3
1+sinx

End of paper

11
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ACE Examination 2015 tan0=}l or (5‘:347i Pyt =P+P orr=+2

HSC Mathematics Extension 2 Yearly Examination . 37 .. 3m
~1+i =ﬁ(cos—4—+zsm7)

Worked solutions and marking guidelines g ., 1 Mark: D

SO OoNS (=1+3)" =(«/§)n(cos§£+isin§£)
4 4
Section I .
, = (2 (cos 22 +i5in 227
((7) f i Criteria 4 4
X { —
f’ Qa’{) 1> L5 i Y = f If &, B and y are zeros of x> +2x* +5=0 then the polynomial
1 = tettT Ao _f)(y*t) 1 Mark: C pan s oty T
equation with roots &, §° and y* is:

g Wx) +2(x)* +5=0 Mak A
I (zz—l) § Farge-2) - "”Jé'l”) I Mark: A Wxy =—@x+5)

Pl 67. m a@ 3 Ayl
Gend arcL(, Z=0 M7</ -?F‘ } “f snicivele X’ =4x"+20x+25
il o 2 —4x? =20x-25=0

Slices are taken perpendicular to the axis of rotation (x-axis). The
base is an annulus.

7;2&
A=r(r? —r?) = m(2x) —(2°)%) ) xi= o
= m(4x—4x°) = 4n(x—x%) 9 /é“xn:/‘:»e/ céj”)‘é ”Ll”"é ‘:‘z _ 1 Mark: A
3 V=}ﬂ§4n(x_xs)5x 20 1 Mark: D ﬁlm: i /’?iﬁz;? ;%‘( &> -jg:’— e 1

= l47r(x—x6)dx=471' 1(x—xG)dx
J’O J—O

t 2 7P . x oy P(acos®,bsind)
=4”|:x__x_:] - [(___) 0}=.1_9_7_T. , PR
2 7], 7
O (cq, .c—) is on the normal and satisfies the equation. —a! T x
q

(4 .
4 p’cq—prc-qv4 =0 1 Mark: © . Otacos,bsing)
4 2 2
p’q’ -p+q-qp' =0 POQ is aright-angled triangle. Therefore OP*+0Q’ = PQ*
3 — - 3 .
pala-p)=—g-porpg=-1 10 a’ cos® @+ b*sin? @ +a” cos® p +b* sin’ z’ﬁ&}(& oJ% Alhﬂ lyMark.B
1 dx 1, ,(x=3) - 9 2 4 B (sind— s
dx = =—tan™! +C . a*(cos 8 —cos p)” + b’ (sin 6 —sin )’ o Do =
5 Ix2—6x+l3 J'(x—3)2+22 2 2 1 Mark: B 4’“’ Aoz

a*(cos® B+ cos? ) +b*(sin® 8 +sin’ p) {Pa=9gc°

LJA‘ v R, N ; =" (cosO—cosg)’ + B (sin0—sing)’ . dfecPx sbpeo0="1
. ! . ﬁw 5 A 2 _ . : &M%ngé -

' 4 o 2
. -~ - AR ng,l,/ | Mark: C 0=-2a" cos@cosg—2b" sinFsin g o Aeoi
" 3/]\\‘ e J;‘to = | 2" sinBsing =2’ coscosp Sfeofet =,
‘ : - infsing _ —2a’ 2 af
. ‘ - I'-Ow i A% MPRES) smosmge i or tan&tan¢=—£i- %MM?’Z‘, =T
Hence €08¢cosg  2b b
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Section I

Solution

Criteria

11(a)
®

|z-(V2++2i)] =1

Represents a circle with centre («/5 , «/5) and radius of 1 unit.

£DEX = 457

4505 3’0"

&) .4 pBox= /§
40 LApx = /54 30430

Vs 5 %ﬂf:?ﬁ
7 0 L2 ax T

2 Marks:
Correct answer.

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

11{a) p 7 2 Marks:
@ |OC= (2) +(v2) =2 Vi Correct answer.
L OE=1land OD =3 2ad herefore 1<]z/<3 !
7 CrEN - o1 oo 1 Mark: Finds
Arg OC=—
£ 4 (R =220 |2z| orargz or
1 p 1 - shows some
sin ZAOC ==, LAOC =— sin ZBOC =—, ZBOC == understanding,
2 6 - 2 6
n oz T L7 I=l=3
Z Zcagz<ZiZor Z<argz<22 = FW
4 6 EERY TG TR Mg—mz o
d
ll(i()b) 3x*~-3x+2 _ a Lbx+e 2 Marks:
(2x-1)(F+1) 2x-1 #+1 Correct answer.
3x% =3x+2=a(x"+1)+(bx+c)(2x~1) 1 Mark: Makes
1 some progress
Let x= 3 and x=0 in finding a,b
2=a+c(-1) ore.
2 =a xz ora=1
! e=-1
Equating the coefficients of x* 3=a+2borb=1
na=l b=landc=-1
11(b) 2 Marks:

(i)

3x% =3x+2 1 x—1
J.(zx—l)(xz +l)dx=J'(2x-1 +m)dx

=J( 1 +Zx _21 )dx
2x-1 x°+1 x"+1

x* +1‘—tan"x+C

1 1
= Elog” [2x—1l +510ge

= %logc[

2x-1)(a* +1) |- tan™ x+C

Correct answer.

1 Mark:
Correctly finds
one of the
integrals.
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11(c)

Let x =1 then ;?zZu or dx=2udu
u

1 1
J-x(1+\/;)dx_J.u2(l+u)

2udu

=2J. ! du
u(l+u)

(2

3 Marks:
Correct answer.

2 Marks: Finds
the primitive
function.

1 Mark: Sets up
the integral in

=2[log, u-log,(1+u)] terms of u
=210ge_L+C
T+u
Jx
=2lo +C
g°1+«/;
1@ I , T |3 Mark: Correct
/bmlfldl&u b e :E:%wggy 2 answer.
7z g ‘ .
AR =S ! g2 Y | |2 Meik: | e
A 1 e == Qe gac o) Sy
U (,J/‘-p - "_9) .
_/Iln«{u (c&@t) 0‘7( ‘fi elipo”  Ls? i{ 1 Mark: Correc
= ; ~(v). -0) ‘| answer.
e ! /“'4’51"\4"1/(68&41)&4/)( -1
i
1e) 2 Marks:
- . . . Correct answer.
Zizy = (G @+ i Q,)(baé 8,4+ i L)
= ca LBy +1SHO D, + (SO emeO, 1 Mark:
£ LS Os coc 0, Substitutes into
N 742z, =1 and
= X POy [ $nb) 5 Or ) et
e CSMA}%Q"%S?&% e ' conjugate.
= taclp,t0,) FCSA(OH0)
—sn X
Avrrunre ée‘awﬂer\!,[c A x ::}L
7o b §mu{ i -
> |2lb@ i
i = J— SN /= <;_ Lﬂé
- oo ¥
f | = &in 5 s ;j
L0 L — ek L !'
los™ @@L (et |
:f;ulm —_ W%KM _ ' _
S, — | g Swga
e T EEE

o) s i
= %u}(i*—-%x/

4 =

— g
P
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12(a) G 3 Marks:
2y b o Correct answer.
e Itz (
o))
a(H2)+ MI;“ 2 v m)wlv 1 Mark: Shows
avb i-'r("‘”’) Ty #38 some
- ) ( understanding
arb < " { So b= 7 of the problem
LL“{V[) = - 4.{.,6 - T
RN -
—a = i b=w5 2 Mk, Sl
Loas oo
' # ?»m%w‘«zf
12(5) | ;=1+1 satisfies the polynomial z* —biz+c=0 2 Marks:
(A+i) —bi(l+i)+c=0 Correct answer.
1+21—1—bz+b+c‘=0 { Mark: Uses
(b+o)+(2-b)i= the factor
Equating real and imaginary parts theorem.
Therefore b=2 and ¢=~2
12(c) ¥ 3 Marks:
87 Correct answer.
;//J/
,,,,, 4 2 Marks:
S et Correct integral
\\\\ for the volume
BN of the solid.
N
\\
b ] x 1 Marks: Sets
_ .2 . up the area of
Same volume as y = x" rotated about the x-axis. the slice

Area of the slice is a circle radius is y and height x
A=ny*
=7x*

OV =64.0x

= }un Zn’x Sx

x—)O

=J'0 axtdx

2
4
54

=208 =32z cubic units
5 5
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H, — 3 11711 [76) 0
£"(3) =36 >0 (3,-27) is a Minima o= 3 x_gg

. . . noy = s
Points of inflection f"(x)=0 - % ¢
12x* -24x=0o0r 2x(x~2) orx=00rx=2 s 5.0 5 froma

B o b ot x4 s

f07)>0and f"(0") <0 M‘,Wxg/
Hence (0,0) is a point of inflection bl are

f(27)<0andf"(2%)>0 oo e cds i{m(TL

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

12@) To find the equation of tangent through P 2 Marks:
® y=bsin8 Correct answer
dy
——=bcosl .
x=acosf o ! Mark:
Correctly
dax = —asind calculates the
do gradient
dy dy dae
dx dG dx
=bcosfx——= —b(fosH
-asinf asing
Equation of the tangent
Y=y =mx-x)
y—bsind —-—-b-(—:gg—-(x acosf)
asin®
aysin @ —absin® @ = —bxcosf +abcos’ §
bxcos @ +aysind = ab(sin® 8 +cos” §)
Leos+Lsing=1
a b
12'@) y 2 Marks:
@) B Correct answer
/ T g Placos bsind) 1 Mark: Finds
. the coordinates
. v,/ 4 orBorC.
AtB x=0 and 2cos€+%sin9=1 or y = bcosecl
a
Point B is (0,bcosecd) and Point C is (0, bsind)
OC % OB = bsin @ x beosec = b*
1%1()“’) F) =x* =42, f1(x) = 4x° —12x2, £ (%) =122 - 24x 2 Marks: okl
. . o Correct gie
tat ts £'(x)= et CORE
Saalonar};poms fEX) 0 e NG
4x’ ~12x* =0 or 4x"(x—3)=0o0rx=0.0r3 ) (}zvﬁl # Marks:
f£"(0)=0 possible point of inflection. Ao)= ’W/

5
:;xf

" inbbicion. af
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L @3,-2D)
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12(e)
(i)

The real solution of x* —4x® = kxis given by the x values where
y=x'-4x" and y = kx intersect. If k>0 then from the graph
there are 2 real roots.

1 Mark: Correct
answer.

13(a)
®

¥y

/| \\
o, PARY ~

Focus S(ae,0)and at P (directrix x= 2 and asymptote y = éx)
e a

At P JC=—‘1 and y=£><g-=-ll P(g’é)
e a e e e e
; : b . b
Gradient PS = —&—=——"—-  Gradient OP =~
L—_ge a(l-e) a
b b 5 b’

= Ko = I s T
h a(l-é?) a d*(-é&) b

Hence PS is perpendicular to OP.

2 Marks:
Correct answer.

1 Mark: Finds
the coordinates
of P or shows
some
understanding
of the problem.

13(2)
(i)

PS? =(£—ae) +(2)
e e
=i2[az(1—ez)2 +b* ]
€
=1[-pa-e)+5?]
e

= j2—[132621
€

PS=b

1 Mark: Correct
answer,

13() | Perpendicular distance from S to P is b (from parts (i) and (ii)). | 1 Mark: Correct
(i) | 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
with centre S and radius . Similarly, by symmetry @ is the point
.of contact of a circle with centre S and radius b.
1(—’_‘(‘)‘) If a=b then b = a?(e* 1) 2 Marks:
iv
b =B (et 1) Correct answer.
2 =
d=20re=2 1 Mark: Finds
Hence S(a«/E, 0) the eccentricity
. e . or the x-
Using the locus definition of a hyperbola with SR=ST =b coordinate of R
b __ e or T'in terms of
x4 a,bande.
b=e(x—%)
a+b a+a
X = — = a-\/i
P
Therefore, if @ =b | R and T have the same x coordinate (a«/i )
as S. Hence R, S and T are collinear and RT is the diameter of the
circle with centre S.
13 y i .
(1()6) 5 ¢ J =Sk # G Ccl::lrfcl:(tsénzgwer
12Ci) PA .
N = PA
SMe ‘ Marks: [
Néegse o= PA v | Makes
A x significant
” progress
LS f= M . BPE Zg e / towards the
= mgec 2 solution.
ﬁ BA—: L@: mg,e(,ﬁi—n//aw&? (}lv 2 Marks:
. - % 5) - ‘ 4 Mﬁ Iy
() | @ igemeesd)” +nC " Tdenief
I Y L I
&
- ”’ .914"7 == £ \/ f
Loe " SR |
AL 11 Mark:
—O0 O=Msmb _ g el R/
/3 et~ e hideet
3 .
Se Mz’ = qees € J/ (
-—/72»3 g = '»'«zy'u ,
2b i 2 Mavks = MY
- 73
Neews +m b= =t v cored,

v

opo L.:; Gé)i (V]ﬁl-" &ﬁiz \/1732:+;7;32‘
9
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13 .(b) 2 2 1 2 Marks:
@ YEEE = +1)(x—1)1 (asymptote at x=:x1) Correct answer.
2
NEA N R . ot at y=1) 1Markj=£ijl
r= *-1 1-1 x> e, y 1 (asymptote y; Determines the
i A ) A asymptotes or
b J 71 /) 2%y shows some
4% = (_'2_/’;;_) understanding.
3
e~ Y Y H4
21 o % | herk 4o
e e R R P
432901\ 234 ) 2
: z
37 {
ra 4 v )
138 ¥ 2 Marks:
(i1) !1 4% | Correct answer.
137
_..__/ - \.- x Determines the
4324144 23 4 asymptotes or
i) | shows some
131 understandin[g.
14(2) | Let z=a+ib where a and b are real. 1 Mark: Correct
® 7z = (a +ib)(a—ib) answer.
=a* -i*b?
=a®+b* =z
14@) | Now 7 =w, 2, =VZ, =v and v =1 2 Marks:
(i) Correct answer.

=hi* w from (i)

=W

1 Mark: Uses
the formula to
obtain an
expression for
23 .

14(b) | Integration by parts 2 Marks:
i 4
@) I = _[2 sin™ xsin xdx Correct answer.
o 1 Mark: Sets up
x z the integration
_ s n-1 _ T =2 2
= ~[sm xcos x]: +(n I)J'o2 sin"“xcos” xdx and shows
z some
=(n- I)J-OZ sin"?xcos® xdx understanding.
14(b) S 2 Marks:
) | Lo=@=D]; sin"? xcos’ xdv Correct answer.
= (n=1)[sin? x(1 ~sin’ x)dx
‘L ’ 1 Mark: Makes
=(n ——I)J. * (sin"? x —sin" x)dx some progress
0 towards the
=(n-D[I,,~1]=(-DI,_,—nl, +1I, solution.
nl, =m-DI,_, '
Iﬂ = (n —1) In—Z
n
14(b) 4-1 1 Mark: Correct
@iy | 4= 4 I answer.
o i % (i__l_). 10
4 2
=3 X _r% ldx = 3z
g Jo 16
14(c) : ‘ 4 Marks:
7 Correct answer.
l/’/
/,.i' 3 Marks:
/ Correct integral
/ for the volume
/ of the solid.
D e S = B—— > x
347 = — 3
7 ! ) . . 2 Marks:
Cylindrical shell — inner radius x, outer radius x+6x heighty. Correct

oV = ﬂ'[(x+5x)2 —xz}y
=7 2x6x+6%" |y = 2(2x+ 6x)(log, x)6x

V=2xlim gn(2x+ 5x)log, x6x = 27r_":(xloge x)dx

_ 1,1 pef1 5, 1
—Zn(lilogexxax ]l —L (—ix x;)dx}

= 27zBe2 —%LEW:} = n(el —[—{;—IJ =f72£(e2 +1)

expression for
V.

1 Mark:
Determines the
radius or height
of the
cylindrical
shell.
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14(d) L 3 Marks:
[4@) Stefl Jhows drie é’e\r e 2 é\/,ﬁ?\// ’;/) Correct answer.
L‘Mﬁczﬂj’c ¢ RHS=2%%22=F
SJ;‘%.“M Cocn=2h 2 Marks:
2(zk)* p(2) THED +1 rcer;;’l‘tairuee for
>y, Lhr+ k] & n=Land
Skl 3 Prove trae fec 1= 2b+2- attempts to use
7o prove: 2(2k+2)%y (2&+9L*@2*§i,z e oove
77141:/ s FhASk+4 Yy 20k Feer) + i #) the result for
4Ly Sht 4y 227+ Sk)ﬂ“ 4/%% n =+
; Db )4 R
Lus Y Shi g S (RRTY
4 /( ,F#M’\ 659 1 Mark: Proves
W 2k Tk + :’ o the result true
>/ Zéq’q;j/k + 4 F "f”” for n=2
& P ShHE Yy z}e“r/“f*fb =2, |
. A 9’4“*)/: ’;’le(-n"?‘ # <
%%@W,,fj ¢ adgo” T #
o, p=202=4, 9% 7 .
'fgf{ o vty B 4 n
15(a) =(x—a)? 1 Marks:
3] Px) = (x~a) x) Correct answer.

P(x) = (x~a)’ Q'(x) +2(x~a)0(x)
=(x-a)[(x-)Q'(x) +20(x)]

Therefore P'(@)=0 and x=q is aroot of P(x).

N

s

15(a)
(i)

P(x)=x3—ax2+bhasarootx=a
P(a)=a3—-aa2+b=0 6))

Pi(x) =3x7/—— 2ax

o) =30 200 =0 « Tk o =22 =0 is
PYa)=5a"=2aa =0 T of = é["o" @

= KB ~24)=0 : ® "‘)‘(M)

Substituting ¢{= %_ﬁ “* into equation (1)
(62 g om0

a¥ 4?4y 0 ,

H_p e —4a7rd7 b=©
A e

2 Marks:
Correct answer.

1 Mark: Shows
some
understanding
of the problem.

Plu)=o and
AC:% or

¥

15(v)
®

Solving the equations y =x*+4x* and y =mx+b
simultaneously has two solutions (x = and x= f).

soxt4+4x’ —mx—b =0 is degree 4 with multiple roots at x =«
and x=f3. Zeros are a,a, f and 3.

1 Mark: Correct
answer.

15'(b) b 3 Marks:
() |ata+tf+p= 7 Correct answer.
Aa+P)y=—4ora+f=-2 2 Marks:
Makes
aa+af+af+af+af+pp=< significant
a progress
at+f+4af =0 towards the
lution.
(@+pB) +2af =0 so
d B=-2 1 Mark: Uses
o= the
_. d _€ relationships
aaf +aaf +aff+aff = - and aaff = ; between the
2af(a+ P)=m 2 roots and
Fle+h) (@h) b coefficients.
m=8 b=—-4
15(¢) | Newton’s second law: 1 Mark: Correct
® i=g-hv answer.
dv
a " 5 b
15(0) | av 3 Marks:
G |z 78" kv Correct answer.
d 1
v g—hv 2 Marks:
1 Correctly
t=——log,(g-kv)+C substitutes the
k intial

Initial conditions t=0andv=10

0 =—-llog,(g)+C
k
C—lb
P2 2.8

1 1
t=—=1 ) +—1
. og, (g —kv) Tloe. g

1 g
=-—log | —&—
s, (£

conditions into
the expression
fort

1 Mark: Finds
the correction
expression for ¢.

i1
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1?(.0) dv  dv 3 Marks:
(iii) Z = "a Correct answer.
dv
V'd—x =g-kv 2 Marks:
v _g—kv Mak.es
i significant
progress
dx_ v towards the
dv  g—kv solution.
~H(g-h)+§
=|A2 Lk g
* .[ g—kv 1 Mark: Uses
1 results for part
= _Z Y= _k__ log,(g~kv)+C (i) to determine
an expression
Whenx=0andv=0 dx
. for —
O=—;x0—%log,(g—kx0)+€ dv
)
C=§7logeg (iv) IW" V= /}w 2OL I-~€
k "t =70 IZ ['/ &73
= V. |
x=—iy ~£ log.(g~v) +£-log, g % S ‘”75/’{M 3

k
G by

g, (8 70 ey g k4

K kzlg‘( —kv) %ﬂ»’ 7 /M"mimf

ol
16a) | ;7 = [cos@+isin@]" /ﬁ)v "037'" 2 Marks:
@ = cosnb +isinnd Correct answer.
—ln—=-[cos¢9+isin 61" | Mark: Uses
: = 0 —isin nd De Moivre’s
=cosnd —isinn theorem
z" —L" = cos n@ +isin nf — cos nf +isin nd
z
=2isinnf
16(a) 1Y 1 1Y 1¥ Z Marks:
(ll) (Z —;) = 25 +524 (--Z—) ‘*‘1023 (—;) +1022 (——;) Correct answer.
+5 Y 1Y 4 Marks:
\7z) U Makes
1 1 significant
= (zs ——-—-)—-5(23 ——5-)+10(z ——) progress.
Z

(2isin 8)° = 2isin 58 ~10isin 39 +20isin & : T

sin® 6 =-l-16-(sin59—55m39+105in9)

14

16((‘%3

JoemSB SuSh _son 3O Flosib

ISt — 10sis B sh$B—55H5EO =
So ﬁ\/—& /é;&}‘g“/@af ﬁ = (S‘Qn% S){/ﬁg—-ﬂ
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3Marks: 6,423

. Correct answer.
o%;/ng.—_o or gm =¥, 35: m OLOLT QZMM/CSM
b=0,m O= /e‘!{‘fﬁ" = 1-095% 1 1 Mark: Makes
= I 0‘0‘{-6 2owes | some progress
To rearasf Ml(ww £=0,3,1, 1% lbﬁm bibinn &
l@(@) Consider ABNQ and AAMQ. 3 Marks
® ZQBN = £0AM (angle between a tangent and a chord equals Correct answer.
the angle in the alternate segment)
o . 2 Marks:
ZONB = Z0MA=90" (perpendiculars from Q) Makes
~.ABNQ ||| AdMQ (Two angles of one triangle are respectively | significant
equal to two angles of another triangle) progress
AALQ||| ABMQ is a similar proof. towards the
. solution.
Consider AALQ and ABMQ.
ZQAL = ZQBM (angle between a tangent and a chord equals 1 Mark:
the angle in the alternate segment) Applies a
ZQOLA=£0OMB =90 (perpendiculars from Q) {glevant circle
eorem.
- AALQ ||| ABMQ (Two angles of one triangle are respectively
equal to two angles of another triangle)
1 .
6~(-b) oy = o8 (matching sides in similar triangles ABNQ ||| AAMQ 2 Marks:
(i) oM Q4 Correct answer.
)
oM _9B (matching sides in similar triangles AALQ ||| ABMQ) | 1 Mark:
QL QA Matches the
_ON _OM sides in the
oM similar
.Q oL . triangles.
This represents a geometric sequence ON, OM, OL,...
16(¢) 3 Marks:

M '
/ jtSin X ZWKIL Mﬁa—y\ é{)t— ,2:‘{%{72’ i

San X &
3 Se Sz . ZE

T |
/i‘ﬁ . M/ '
i+ 1"" ” V:f_z; N
@%‘F,ﬁ,@f) AL
2.691“/ e
- -;5’ e
. e
7, = e
PR 71VE 43%3';’1"/

QR s d BE
—cetr . oV Sy geex +C |

IS

Correct answer.

2 Marks:
Makes
significant
progress
towards the
solution.

1 Mark: Sets up
f(x) and uses
calculus.




