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Total marks — 120
Attempt Questions 1-8
All questions are of equal value

Answer each question in a SEPARATE writing booklet,

Question 1 (15 marks) Use a SEPARATE writing booklet.

(a)  Evaluate L * xvx—-3dx.

(b)  Use the substitution ¢ = tang to find j _tan0 dé.

1+cos@

e

(©)  Use integration by parts to evaluate j Inx dx.

LV

(d) (i)  Findreal numbers o and b such that ! =24 b .
x(x+D) x x+1
N
(i) Hence find J & .
L x(x+1)
(iii)  Hence find the area bounded by the curve y= and the x-axis
. x(x+1)

to the right of x=1.

Marks




Question 2 (15 marks) Use a SEPARATE writing booklet.

@

®

©

@

©

. , z
Giventhat z=2+7 and w= -2, express
z+

in the form x+iy where
w

x and y- are real numbers.

(i)

®

(1)

®

(if)

The complex numbers z and w each have a modulus of 4. The arguments of

Express w=4+4i in modulus-argument form.

Hence, or otherwise, find all numbers z such that z° = 4 + 4, giving

your answer in modulus-argument form.

On a single Argand diagram, sketch the locus of points for which

|z 31 <2 and a;rg(z+1)£%.

Find the value of argz at the point where arg z is a minimum.

Given that @ is one of the complex roots of z* =1, show that

l+o+o*=0.

Hence, or otherwise, evaluate 1+ o + o°.

27

z and w are 5 and %, respectively. Find

)

(D)

arg(z +w).

.

Marks

Marks
Question 3 (15 marks) Use a SEPARATE writing booklet.

x+2

(@  The function defined by f(x)= + 2 is drawn below.

2 x-3

F)

NOT TO SCALE

Draw separate, one-third page s);etches, of the following:

@ r=lre. 1
@  y=[rm]. 2
(i) y=sG). 2
@) y=h[fE). 2

Question 3 continues on page 5




Marks

Marks
Question 3 (continued) Question 4 (15 marks) Use a SEPARATE writing booklet.
Thy i i T~ 9x? =0h 1 . .
®) o cubic equation 3x” ~9x” +6x+2 =0 has roots @, fand ¥ (a) P(Zt, —3—) is a point on the rectangular hyperbola xy = 4. The tangent at P cuts
) , the x-axis at  and the line through Q, perpendicular to the tangent at P, cuts
i Find the cubi t ith root d y*. 2 .
® ind the cubic equation with roofs a”, /7" and 7 the hyperbola at the points R and T"as shown.
(i)  Hence evaluate o’ Sy +aff’y +afy’. 2 7
(¢)  The figure drawn below shows the shaded area enclosed by the parabola y* = 4ax 4 .
2
and the line x=a. P(Zfr‘)
T
y x
0]
— ok x
|
(i)  Show that the equation of the tangent at P is x+t*y = 4¢. 2
This area is rotated about the line x = a. By considering slices perpendicular
to the axis of rotation, as shown above, find the volume of the solid of revolution. (ii)  Show that the line through Q, perpendicular to the tangent at P, 3
has equation 2x—y = 41,
(iif)  If Mis the midpoint of RT, show that M has coordinates (Zt, —2t3) . 3
End of Question 3
(iv)  Find the equation of the locus of M, as P moves on the curve xy=4. 1
Question 4 continnes on page 7
5




Marks

Question 4 (continued)
(b) ()  State why the sum of n terms of l+x+x*+x* +...+x"" 1
. lto 1-x"
equa
is eq ~
(iiy  Show that, forall n>1, 2

(iif)

—Dx" —mx" 1
1+2x+3x% 4.+ (n—-1x"7 =QZ———)X————

. 1-x)?
. 3 4 5 n—1 d 3
Hence find an expression for 1+1 +Z + 3 +R +ot = an
show that this sum is always less than 4.
End of Question 4

’ Marks
Question § (15 marks) Use a SEPARATE writing booklet.
()  The graphs of y=2sinx and y=tanx are shown below.
y y=tanx
NOT TO SCALE
B y=2sinx
A w *
The base of a solid is the region bounded by the curves y = 2sinx and y=tanx
in the first quadrant between 4(0, 0) and B [%, NG j .
The solid is formed such that every cross-sectional slice perpendicular to the x-axis
is a semicircle having a diameter with ene end-point on the curve y =2sinx and
the otheron y=tanx.
() Show that the area of the cross-section of the solid is given by 2
A(x) =%(4 sin® x —4sin x tan x + tan® x).
(i)  Hence find the volume of the solid formed. 4

Question 5 continues on page 9




Question 5 (continued)

® O

(i)

(iii)

()

Use De Moivre’s theorem to show that cos36 = cos® §— 3cosOsin®

and sin36 = 3cos® PsinH—sin® 4 .

tan® &~ 3tan &

Deduce that tan36 = 3
3tan“ 01

. T, .
Hence, or otherwise, show that tanl—2 is a root of the equation

% -3x=3x+1=0.

Show that tan£+tan5—”=4.

12

End of Question 5

Marks

Marks
Question 6 (15 marks) Use a SEPARATE writing booklet.
x2 yZ
(a) P(acosd, bsind) is a point on the ellipse — + i 1, a> b where g and b are
a
positive. A line through the origin and parallel to the tangent at P meets the ellipse
at Q.
b4
NOT TO SCALE
0 P(acos8,bsinb)
- 5 0 ==X
0
)
. . . —b
(i)  Show that the gradient of the tangent at P is — cot8. - 1
a
(i)  Show that the coordinates of Q are (—asin 6, bcos 6?). 2
() Find the length of PQ and state the maximum and minimum values 3

of this length for ~-z <8<,

Question 6 continues on page 11

10




Question 6 (continued)

(b) (i) Giventhat x>0 and y> 0 show that x+y = 2\/5/_ .

(i) Hence show that for x>0, >0, z>0 and w>0

x+y+z+w243pzw.
iii)  Consider x, y, z and w=m. Apply the result in (ii) to show
3 Pply

that E%Z— > 3xyz .

1, 1 2

x“e"

(© Consider =f dx .

dx and J=j

e +1 L€ +1

(i)  Use the substitution #=-x in I to show that I=J.

(i)  Hence evaluate .

End of Question 6

11

Marks

Question 7 (15 marks) Use a SEPARATE writing booklet.

@& O

(i)

(iif)

Show that 2cos Asin B = sin(4 + B) —sin(4-B).

. {3x [ x .
sin (7) —sin [E)
Show that ——4————%

Prove by induction that for all positive integers »,

. (2n+1
sin X
( 2 j 1

coSx +co82x +cos3x +...+COSHX =———F—~F —~—

2sin (i) 2
2

Question 7 continues on page 13

12

Marks




Question 7 (continued)

(b)  Acarofmass m is travelling around a circular banked track and is subject to

a reaction force, NV, perpendicular to the track and a frictional force, 7, parallel

to the track as indicated in the diagram.

The track has a radius of 300 metres and is banked at an angle of #=5° to the

horizontal.

(i) Use a diagram to show that
mg = Ncos@— Fsinf

2
my
and

=Fcosf+ Nsing.
r

(i) By squaring the equations above find an expression for N* + F2.

(iiiy  Ifthe car is travelling at a speed of 72 km/h and the ratio of N to F

, 160 000

6m
is 6:1, show that in this situation N = —=— +—
37 g. r?

@iv) A driver wants to reduce the frictional force acting on the car to zero.
Find the speed at which the car must travel around the track in this

situation. (You may assume that g=10ms? )

End of Question 7

13

Marks

Question 8 (15 marks) Use a SEPARATE writing booklet.

®

The only force acting on a particle moving horizontally in a straight line is a
resistance of mic(c +v) acting in that line, where m is the mass of the particle,

v is the velocity and & and ¢ are positive constants. Initially the particle moves
with positive velocity U and comes to rest at time T .

Lo 1
At time %T its velocity is ZU.

(i)  Show that the acceleration is given by a=—k(c+v).

(ii) Show that c= éU.

8
(i)  Show that attimet,g‘):%"“—l.

Question 8 continues on page 15

14

Marks




Question 8 (continued) '

(b)  Inthe diagram, BC is a fixed chord of a circle and 4 is a variable point on the
major arc of the chord BC . The point D lies on AC, between 4 and C, such
that BD is perpendicular to AC. The point £ lies on 4B, between 4 and B,
such that CE is perpendicular to 4B.

A

NOT TO SCALE

Copy or trace this diagram into your writing booklet.

(i) Show that BCDE is a cyclic quadrilateral on a circle with BC as diameter.

(i)  Show thatas 4 varies ED has a constant length.

(ii)  Show that the locus of the midpoint of ED is part of a circle whose centre
is the midpoint of BC.

End of paper

15

Marks




CATHOLIC SECONDARY SCHOOLS ASSOCIATION
2009 TRTAL HHIGHER SCHOOL CERTIFICATE EXAMINATION
MATHEMATICS EXTENSION 2

Question 1 (15 marks)

(a) (3 marks)

Outcomes assessed: E8

Targeted Performance Bands: E2-E3

Criteria Marks
® uses an appropriate substitution - 1
o establishes correct integral 1
e evaluates correctly ) 1
Sample Answer:
I: x«/x—3dx=J2 (u+3)\/;du letu=x-3 whenx =3, u=0
3 1
=f1 u? +3u? du @—=1 whenx =4, u=1
o dx
s 2
=|=y? +2u?
5 0
=(3+2j—(0—0)
5
=22
5
1
DISCLATMER

‘The information contained in this document is intended for the professional assistance of teaching staff, Tt does not constitute advice to students, Further it is not the intention of the
CSSA to provide specific marking ontcomes for all possible Trial HSC answers. Rather the purpose is to provide teachers with information so that they can better explore, understand
and apply HSC marking i as i by the NSW Board of Studies.

No guarantee nor warranty is made or implied with respect to the application or use of CSSA Marking Guidelines in relation to any specific trial exam question or answer, The CSSA.
assumes no liability nor responsibility for the accurscy, completencss or usefulness of any Marking Guidelines provided for the Trial HSC papers.

(b) (3 marks)
Outcomes assessed: E8
Targeted Performance Bands: E2-E3

Criteria Marks
* substitutes using ¢ formula 1
e integrates correctly. 1
s finds correct primitive (+C not essential) 1
Sample Answer:
' 0 2t -7 e _ 2
= tan— =2 cosf=-—r and =",
It tan2 then tan @ _tz,cos 7 P
2
J' tan & =_[ 2t2+ 1 tz y 22 a
1+ cosf 1-¢ 141 1+¢
2 . 1_42
=.[ 2t+1+t+121‘ ><22dt
1-7 1+t 1+¢

2
=J-12t2X 141 2 at
—t

X
2 1+#

’s_c.= Ilittz ar
=—].n|1—t2|+C

=~].nll—tan2 g +C

%112 information contained in this document is intende(‘l for the professional assistance of teaching staff. It doe; not consﬁtm?: adyioe to s'tudents. Further it is not the intention of the

CSSA to provide specific marking outcomes for all possible Trial HSC answers. Rather the purpose is to provide teachers with information so that they can better explore, understand
d apply HSC marking requirements, as established by the NSW Board of Studies. i o . . . .

;Ino ;g;aymee nor wamgutyc%s made or’impl.ied with respect to the application or use of CSSA Marking Q\m_ielmes n relation to any specific trial exam question or answer, The CSSA.

assumes no liability nor responsibility for the accuracy, or of any Marking G provided for the Trial HSC papers.




(¢) (3 marks) . (d) (ii) (2 marks)
Qutcomes assessed: E8

Outcomes assessed: ES ‘
Targeted Performance Bands: E2-E3 Targeted Performance Bands: E2-E3

Criteria Marks . Criteria Marks
o correctly applies integration by parts or significant progress towards solution ' 1 o finds correct integral 1
» finds correct primitive 1 ¢ finds correct expression 1
e evaluates the integral 1 /
Sample Answer:
Sample Answer: N dx V(i1 1 & N
eln x e d & 1 —_— -
J‘ dx=jlnx——(2«/;)dx w=Tnx av_ 1 1 x(x+1) S \lx x+1
L Jx L dx V d Ax v
. 1 =[infs] - njr+1]]]
e e u -
={2 xlnx] —J —x2/x dx —_—== v=24x .
[ J— roJox \/— dx x \/— : =l N-In(N+1)—(nl-In2)
e 1 ‘ =InN-In(N+1)+n2
=(2J21ne—21n1)—2j — dx . WD)
v Jx _ ]n( ZN)
€
=24e -2 2x ] N+l
1
=2Je-2 (2JZ - 2) ‘
]
=4-2e ! (d) Gii) (2 marks) {
i Outcomes assessed: E8
; Targeted Performance Bands: E3-E4
Criteria Marks
(d) () (2 marks) o establishes correct limit 1
Onutcomes assessed: E8 e finds correct area 1
Targeted Performance Bands: E2-E3
Criteria . ‘ Marks Sample Answer:
e significant progress towards answer - 1 4 J~N dx n 2N
e evaluates the pronumerals 1 1 x(x+1) N+1
. . .. 2N
Sample Answer: Evaluate integral as N — oo i.e. find the limit of In as N—>o0,
1 _a + b +1
= 2N N N N+1-1 1
x(x+1) x x+1 1]3(_ =In2+In and = =1-
ie. l=a(x+1)+bx N+1 N+1 N+1 N+1 N+1
= = 1 N
a=landa+b=0 as N 1-———1;hence In| —— |0 and
sb=-1 N+1 N+1
= 1 . . .
x(x+1) x x+1 . Areabounded by y = ——— to theright of x=1 is In2 square units.
x(x+1)
3 4
DISCLARMER DISCLATMER N
The information contained in this document is intended for the professional assistance of teaching staff. It does not constitute advice fo stedents. Further it is not the intention of the The information contained in this document is intended for the professional assistance of teaching staff, Tt does not constitute advice to students, Further it is not the intention of the
CSSA to provide specific iarking outcomes for all possible Trial HSC answers. Rather the purpose is to provide teachers with information so that they can better explore, understand C88A to provide specific marking outcomes for all possible Trial HSC answers. Rather the purpose is fo provide teachers with information so that they can better explore, understand
and apply HSC marking requirements, as established by the NSW Board of Studies. . and apply HSC marking requirements, as established by the NSW Board of Studies.
No guarantee nor warranty is made or implied with respect to the application or use of CSSA Marking Guidelines in relation to any specific trial exam question or answer. The CSSA. No guarantes nor warranty is made or implied with respect to the application or use of CSSA Marking Guidelines in relation to any specific trial exam question or answer. The CSSA
assumes 1o lability nor responsibility for the acouracy, completeness or usefulness of any Marking Guidelines provided for the Trial HSC papers, assumes no liability nor responsibility for the accuracy, or of any Marking Gui provided for the Trial HSC papers.




Question 2 (15 marks) (b) (ii) (3 marks)

(a) (1 mark) Outcomes assessed: E3
Qutcomes assessed: E3 Targeted Performance Bands: E2-E3
Targeted Performance Bands: E2-E3 Criteria Marks
Criteria Mark * uses De Moivre’s Theorem to establish correct relationships 1
* substitutes and correctly realises the denominator (any correct expression) 1 e progress towards solutions 1
® gives correct solutions 1
Sample Answer:
z 2+i . Sample Answer.
Z+w 2+i-2 =4+4i
~2+ixz Letz=r(cos€+isinn9)
i Then by De Moivre's Theorem z° = r* (cos 58 +isin 56)
_—1+2i jn x
i i r5(00s59+isin5¢9)=4\/_2_(cosz+isinzj
=1-2i T
ie.r’ =42 and 56.="-+2kr, k=0,1,2,3,4
7 +8kx
. o= \/5 ="
(b) () (1 mark) 20
Outcomes assessed: E3 . T
Targeted Performance Bands: E2-E3 1e. z, = 2|} COS— +isin— 20
Criteria Marks '
e finds correct modulus and argument 1 : 7, = J2 (003_92% +isin 92_7(;)
Sample Answer: N 172 .. 1Ix
- : Z, = €OS ——+isgin——
w=4+4i 3 20 20
=414 =42
'M z, = V2| cos (—%@)M’sin (—37”)]

7
argw=tan'1==
& 4

T T
z,=42| cos (———) +isin (——]
W= 4ﬁ(cos%+isin%] ’ ( 20 20

DISCLAIMER.

DISCLAIMER
The information contained in this document is intended for the professional assistance of teaching staff. It does not constitute advice to students, Further it is not the intention of the
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(©) () (2 mark)
QOutcomes assessed: E3
Targeted Performance Bands: E2-E3

Criteria Mark
e correctly displays one locus 1
» correctily displays both loci with shading 1
Sample Answer:
(c) (i1) (2 marks)

Outcomes assessed: E3
Targeted Performance Bands: E3-E4

Criteria Marks
® progress towards solution 1
e pives correct answer : 1
Sample Answer:
¥
3
2
x

For minimum argument = tangent to the circle i.e. perpendicular to radius
. L )
Forms right-angled triangle = angle between tangent and imaginary axis is sin™ =

_12«_

'arz—z—sin
FABT= 3

DISCLATMER.

The information contained in this document is intended for the professional assistance of teaching staff. It does not constitute advice to students. Further it is not the intention of the
CSSA to provide specific marking outcomes for all possible Trial HSC answers. Rather the purpose is to provide teachers with information so that they can better explore, understand
and apply HSC marking requuements, as established by the NSW Board of Studies.

No puarantee nor warranty is made or implied with respect to the application or use of CSSA Marking Gnidelines in relation to any specific trial exam question Or answer. The CSSA
assumes 1o liability nor responsibility for the aceuracy, completeness or usefulness of any Marking Guidelines provided for the Trial HSC papers. -

(d) (@) (2 marks)
Outcomes assessed: E3
Targeted Performance Bands: E2-E3

Criteria Mark
» factorises correctly or other significant progress towards result 1
* identifies complex root and shows the correct result 1

Sample Answer:
=1 = Z£-1=0
ie (z-D(Z+z+1)=0
. as @ is a complex root, @ is a solution of (2> +z+1)=0

ie. @ +o+1=0

OR

If o is a complex root of z* =1 then @’ =1

Thus @” is also a root of z* =1 since (%)’ = (@) =

.. theroots of z° ~1=0 are @, ®* and 1.
-b

Sum of rootgis=— =0
a

Lot to+l=0

(@ (i) (1 mark)

Outcomes assessed: E3 )
Targeted Performance Bands: E3-E4

Criteria Mark
* gives correct result 1
Sample Answer:
' = ox o ms:wz(wa)z
=0 asa’=l =0® asa =1
Thus
l+o*+o’=1+0+0’
=0
8
DISCLAIMER

The information contained in this document is mtended for the professional assistance of eaching staff, It does not constitute advice to students. Further it is not the intention of the
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(e) () (1 mark)
Outcomes assessed: E3
Targeted Performance Bands: E3-E4

Criteria Mark
e gives correct result 1
Sample Answer:
z¥ 4
w
= z
3
2
9
arg(z+w) = 2z +Z
9 6
Iz
18
(e) (ii) (2 marks)
QOutcomes assessed: E3
Targeted Performance Bands: E3-E4 :
Criteria Mark
e applies cosine rule correctly N 1
® gives correct solution 1

Sample Answer:
|z+w|2 =42+42_2X4X4X0052T” .

=32+32><l
2

=48

lz+ w|=4\/§

DISCLAIMER

The information contained in this document is intended for the professional assistance of teaching staff, It does not constitate advice to students, Further it is not the intention of the
CSSA to provide specific marking outcoraes for all possible Trial HSC answers, Rather the purpose is to provide teachers with information so that they can betier explore, undesstand

and apply HSC marking requirements, as established by the NSW Board of Studies.
No guarantee nor warranty is made or implied with respect to the application or use of CSSA Marking

Guidelines in relation to any specific trial exam question or answer. The CSSA

assumes no liability nor responsibility for the acouracy, completeness or usefulness of any Marking Guidelines provided for the Trial HSC papers.

Question 3 (15 marks)

(2) (i) (1 mark)

QOutcomes assessed: E6

Targeted Performance Bands: E2-E3

Criteria ] Mark
e correctly sketches the graph including all important points 1

Sample Answer:

y=1/6)

(.49

10
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(2) (ii) (2 marks)
Qutcomes assessed: E6
Targeted Performance Bands: E2-E3

Criteria Marks
s significant progress towards the graph . 1
e correctly sketches the graph 1
Sample Answer:
2
y=[/)]
B\ A
T (5,204

ISR S A
H———

1
—
A SR
+
N1

<t 71+t

11
DISCLATMER
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(a) (iii) (2 marks)
Outcomes assessed: E6
Targeted Performance Bands: E3-E4

Criteria Marks
e significant progress towards the graph 1
o correctly sketches the graph 1.
Sample Answer:
y=fGa"
y

12

DISCLAIMER s
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(a) (iv) (2 marks)
Outcomes assessed: E6
Targeted Performance Bands: E3-E4

Criteria Marks
e _significant progress towards the graph 1
® correctly sketches the graph 1

Sample Answer:

y=h[f()]

13

DISCLAIMER

The information contained in this document is intended for the professional assistance of teaching staff. Tt does not constitute advice to students. Fucther it is not the intention of the
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(b) (i) (2 marks)
Outcomes assessed: E4
Targeted Performance Bands: E2-E3

Criteria Mark
o correct substitution or significant progress toward solution 1
* gives the correct result ’ 1

Sample Answer:
3x* —9x" +6x+2=0
The cubic equation with roots o, * and * is given by replacing x with Jx
3 2
ie.3(vx) =9(V) +6(vx)+2=0
3xx ~9x+6Jx +2=0
3Wx(x+2)=9x-2
9x(x* +4x+4)=81x* —36x+4
9x® ~45x" +72x -4 =0

on squaring both sides

(b) (i) (2 marks) -
Qutcomes assessed: E4
Targeted Performance Bands: E2-E3

Criteria Marlk
e factorises correctly 1
* substitutes and gives the correct solution (correct numerical equivalence) 1
Sample Answer:
o’ By +affy +afy’ = apy(a’ + f+ ")
2 45
=——X—
3 9
__10
3
14
DISCLAIMER
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(c) (4 marks)
Outcomes assessed: E7
Targeted Performance Bands: E2-E3

Criteria Marks

derives a correct expression for area or volume of slice

e gives a correct integral for volume
e gives the correct primitive

evaluates correctly (correct numerical equivalence)

= | =] -

Sample Answer:

Consider a slice perpendicularto x=a
Slice rotated about x = a ; radius of stice a —x , thickness of slice 8y
Volume of slice ¥ = z(a—x)*Sy
&V = m(a® —2ax +x*)8y

=7n|d* —y—2+ Y
2 164°

2a . yl y4
V= i
aygjo;;” 2 "6 |7

oy

2a 2 4
=275J.0 a ~y—+ y

324°

7z cubic units
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Question 4 (15 marks)

(a) (i) (2 marks)

Outcomes assessed: E4

Targeted Performance Bands: E2-E3

Criteria ’ Marks
o finds correct gradient or significant progress towards solution 1
o shows cotrect equation

Sample Answer:
y=4x"

dy

— =—4x7
dx
-1
At x=2¢f, m= -
t
", the equation of the tangent is
2 -1
——=—(x—-2t
=7 Z (=20
1’y —2t=—x+21t
Lx+Cy=41
N

(2) (ii) (3 marks)
Outcomes assessed: E4
Targeted Performance Bands: E2-E3

Criteria Marks

s finds correct coordinates

e finds correct gradient or significant progress towards solution 1
e shows cotrect equation

Smﬁple Answer:
AtQ, y=0 r.x=4t,ie Q(41,0)
The line through O, perpendicular to the tangent at P has gradient m = ¢>.

~. the equation of the line is
y—-0=1"(x—41)
y=1x-41

LPx—y=4r
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() (iii) (3 marks)
Outcomes assessed: E4
Targeted Performance Bands: E3-E4

Criteria Marks
e establishes correct equation 1
s finds x or y coordinate 1
o finds the midpoint 1

Sample Answer:
R and T lie on both the hyperbola and the line through Q.
Solve simultaneously t*x—y=4¢> and xy=4
y=rx-47
x(tzx—4t3) =4
£x*—4rx—-4=0
Let the roots of this equation be & and S.

47
The sum of the roots: a+f = = 4t

M(x,y) is the midpoint of RT i.e. halfway between the roots

AsyliesonRT:y=1> x 2t~ 4> = -
ie M(2t,-21%)

(a) (iv) (1 mark)
Outcomes assessed: E4
Targeted Performance Bands: E3-E4

] Criteria - Marks
* finds the locus 1

Sample Answer:

AtM, x=2t, - t=-)2£,andy=—21f3

3
Thus the locus of M is the curve yz—%, x#0, y#0.
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(b) (i) (1 mark)
Outcomes assessed: E2, E9
Targeted Performance Bands: E2-E3

Criteria Marks
o correctly identifies sum of geometric series 1
Sample Answer:
T+x+x"+x° +...+x™" is a geometric series with » terms, a=1 and r = x
", sum to » terms, S, = 1=x"
1-x
ie l+x+x’+x ... +x"0 = 1-x
1-x
(b) (ii) (2 marks)
Outcomes assessed: E2, E9
Targeted Performance Bands: E2-E3
Criteria - Marks
o identifies LHS is differentiated 1
o differentiates RHS correctly 1

Sample Answer:
Differentiate both sides of the expression in (i)
LHS=14+2x+3x* +...+(n-1)x">
RES < (1—x)x—mx"" —(1—-x") x -1
(1-xy
e e 1%
- (A-x)
(- Dx" - 41
RS
1422435 L+ (=D :_—_(n~1)x" " 4]

(1-x)*
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(b) (iii) (3 marks)
QOutcomes assessed: E2, E9
Targeted Performance Bands: E3-E4

Criteria » Marks
» uses correct substitution 1
* progress towards simplifying expression 1
» gives correct solution 1
Sample Answer:
1
Let x= 3 in (ii)
S =141+ 34243 4 4271
48 16 22

n-1) =n

RES = 2n 21)—1

|
IS
~
N =
N[
&)
HE
L
~

1+1+%+%+i+. N =4(l—@]

16 2 2
since 0< D 1 for ns1
then0<1—(n2+n1)<1
1+l+§+i+-5—+...+n—*21<4

4 8 16 2"
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Question 5 (15 marks)

(2) (i) 2 marks)

Outcomes assessed: E7

Targeted Performance Bands: E2-E3

-Criteria Marks
o finds correct expression for radius 1
o derives correct expression ) . 1
Sample Answer:
. 1,
A(x)y==nr
(=) 5
1 (ZSinx—tamx)2
=—fg —————
2 2
= %(45&112 x—4sin xtan x + tan” x) as required
(a) (ii) (4 marks)
Qutcomes assessed: E7, E8
Targeted Performance Bands: E3-E4
e Criteria Marks
o establishes correct expression for volume or significant progress towards solution 1
e gives correct substitutions 1
® integrates correctly » 1
e finds the volume (correct numerical equivalence) 1

Sample Answer:

' V=% Jj(4sin2x—4sinxtanx+tanz x)dx

4g5in® x
CoS X

:%f 4><%(1—00st)— +sec? x—1 | dx

. n?
:f_J’ 1—2cost+sech—M dx
8 % cosx

=%[x—sin2x+tanx]§ —% f(secx—cosx) dx

7[_75_\/_

== —2—3-—+«/§—(0—0+0) —%[]n(secxﬂanx)—sinx]?

813
, .
Z”__l__‘f?,_”_ﬁ n| see X tan —sinﬁ—(ln(sec()+tan0)—sin0)
24 16 2 3 3 3
) .
=ﬁ_+£ﬂ-_£m(2+\/§) cubic units
24 16 2
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(b) (i) (2 marks)
Qutcomes assessed: E3, E4
Targeted Performance Bands: E2-E3

Criteria Mark
o establishes correct expansion 1
e pives correct conclusion 1
Sample Answer:
Let z=cos@+isind
Then z° =cos3f+isin38 by De Moivre's Theorsm )

Also 7* = (cos@+isind)’
(cos @+isin §)° = cos® @ +3cos” Gisin & +3cos 6i* sin® 6+ sin’ 6
= (cos® 6 — 3 cos fsin” #) + (3 cos” fsin 6 —sin’ ) @
Equating real and imaginary parts from (1) and (2) gives:
0836 = cos® 6—3coshsin® §
sin34 = 3cos® Asin@—sin* &

(b) (i) (2 marks)
Outcomes assessed: E3, E4
Targeted Performance Bands: E2-E3

Criteria Marks
e progress towards result 1
¢ deduces expression 1

Sample Answer:

_ sin3@

"~ cos30

_ 3cos’ fsind—sin’ 6
" cos® 6—3cosOsin® @
_3tanf—tan’ @

T 1-3tan’@
_tan’6—3tan@

© 3tan’d-1

tan30

divide by cos® 8
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(b) (iii) (3 marks)
Outcomes assessed: E4
Targeted Performance Bands: E3-E4

Criteria Marks
e recognises to solve for unity 1
s solves correctly 1
o recognises first solution and gives conclusion 1
Sample Answer:
3
tan30=1 = tan 9—3tan6':1
3tan* -1
30 =242k
4 tan® @ —3tan @ =3tan” §-1
8k
~9=”+1—2” tan® 03 tan® O —3tan f+1= 0
z 97 177 Puting tan @ =x gives x’ —3x* —3x+1=0

212

xztw% is a solution of x*—3x* —3x+1=0

e

(b) (iv) (2 marks)
Outcomes assessed: E4
Targeted Performance Bands: E3-E4

Criteria Marks
e writes down the solutions 1
e 1uses sum of roots to get desired result 1

Sample Answer:
Solutions of x*—3x* —3x+1=0 are
or 17%
= tan——
12 12 12

Sum of roots: tan%—l+tan5—ﬂ=3

12
Thus tan~”—+tan5—ﬂ =4,
12 12
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Question 6 (15marks)

(@) () (1 mark)

Outcomes assessed: E3, E4

Targeted Performance Bands: E2-E3

Criteria

Marks

e shows correct gradient

Sample Answer:
Given x =gcosf and y = bsinf

ix_: —asin @ and Q =bcosf
do

dy_dy 4o
dx do dx

1]

bcoséx

—asing
-b cosé
=—X—
a sinf
:Ilcoté’
a

]

OR

x?. yZ
P 7
o dy —bx

Code a’y

At P(acos, bsind)

dy —b* xacosd

dt o xbsind

—b cos#

_.x -

a sind

;jcoté?
a

From o
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(a) (ii) (2 marks) .
Outcomes assessed: E3, E4
Targeted Performance Bands: E2-E3

Criteria Marks
* solves equations simultaneously or significant progress towards solution 1
» shows correct coordinates ) 1
Sample Answer:
OQ is parallel to the tangent at P
. . —b:
.. the equation of OQ is y= 2 oot 0
a
and O lies on the ellipse
X1 Bx'cos’d
Tad» Psin’l
ie. x”(sin® @+ cos® #) = o sin® 9
Sx=—asing
-b .
S y=-—x(~asinf)xcotx
a
= boosd
ie. O is (—asin®, bcosh)
() (iii) (3 marks)
Outcomes assessed: E3, E4
Targeted Performance Bands: E3-E4
Criteria Marks
e establishes expression for distance 1
s considers case for angles 1
® pives correct conclusion 1

Sample Answer:
P(acosd, bsind) and Q(—asind, bcosb)
PQ = \Ja*(cos 0+ sin )" + b*(sin @ — cos O

= \/az(cos2 @+ sin” @+ 2 sin Hcos B) + b* (sin” 6+ cos® H— 2sinfcosb)
= \Ja*(1+sin20) + b*(1 - sin26)
=\Ja® + b +(a’ — b*)sin26

maximum for PQ when sin26 =1 i.e. when 8= z
PO = \/Ea—z =a\2
minimum for PQ when sin280=—1 i.e. when 8= el
L PQ=A28" =2
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(b) () (1 mark)
Outcomes assessed: E2, E9
Targeted Performance Bands: E3-E4

Criteria Marks
e shows correct result ’ 1
Sample Answer:
2
(\/;~\/;) >0 ie. x~2\/;y_+y20
Sxty2 2\/;y—
(b) (ii) (2 marks)
Outcomes assessed: E2, E9
Targeted Performance Bands: E3-E4
Criteria Marks
e applies result from (i) correctly 1
e shows correct result : 1

Sample Answer:

+
From (i) x+y= 2\/5, je =

AL N o

2
Now x;y+wzzzJ>c_y+Jv_v;
ie. %(x+y+w+z)z\/x_y+\/_w—z;
Using (i) again \/_x}_+\/;v; 2 Z,I\Ey_ xAfwz =2 oz

So —;—(x+y+w+z) >2 4xywz

ie.x+y+z+w24Yxyzw

2>
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(b) (iii) (2 marks)
QOutcomes assessed: E2, E9
Targeted Performance Bands: E3-E4

Criteria Marks
s applies result from (i) correctly 1
o shows correct result 1
Sample Answer:
From (i) x+ y+2z+w2 4 {fxyzw
. x+y+z+—JH—§-*ZZ4;"/xyzw
4(x+y+z
e. —(-B—y—l 24 Y xyzw
w2 xpzw
Sow' > xyzw i.e. w' > xyz
LW xyz
c. ﬂ};j_z > 3fxyz
(c) () (3 marks)
Outcomes assessed: E8
Targeted Performance Bands: E3-F4
Criteria Marks
» uses the substitution 1
o gsimplifies the integral 1
* uses integration result to show correct conclusion 1
Sample Answer:
1 2 x
I=J. Jie dx letu=-x d—u=—-1
1€ +1 dx
1 u2 E_"
=—I — whenx =1, y=—land whenx=-1, u=1
e +1
= J.l we™ + l+"e du
- ¢
2
= r u_" du
1 1+€
2
1 X b b
= dx using the result x) dx=
|7 g [ 76 dx=[ fa) du
=J
26
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(¢) (D) (1 mark)
QOutcomes assessed: ES
Targeted Performance Bands: E3-E4

Criteria Marks
e evaluates correctly 1
Sample Answer:
1
I= dx and J =
I_ e J e+l

2 x 2

1 [ x%e X
'.I+J=J' e
ale’+1l e +1

_f B +D)

4 &+l
= j.l x% dx
~1
=7
3 -1
2
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Question 7 (15 marks)

(@) (i) (1 mark)

Outcomes assessed: E2

Targeted Performance Bands: E2-E3

Criteria ‘| Marks
¢ shows correct result 1

Sample Answer:
RHS = sin(A+ B) —sin(4 — B)
=sin Acos B + cos Asin B — (sin Acos B — cos 4sin B)
=2cosAsin B

" (a) (i) (2 marks)
Outcomes assessed: E2
Targeted Performance Bands: E3-E4

Criteria Marks
» uses result from (i) 1
s shows correct result 1
Sample Answer:
sin j sin ~)
LHS =
X
sinl >
IECH
2cosxsin (gj
using (i)
x
2sin| =
aofz)
=COSX
= RHS
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(a) (iii) (4 marks)
Quicomes assessed: E2
Targeted Performance Bands: E3-E4

Criteria Marks
» establishes the truth of S(1) 1

e yges assumption correctly in S(k+1)

e ghows progress toward correct expression
e deduces the required result

ot | =2 | —

Sample Answer:

(2n+l j
R
Let S(n) be the statement cosx+cos2x +cos3x +...+cosax = ——— <% ——

2sin (ij 2
2

Consider S(1): Prove result true when n=1
LHS =cosx

2sin [325]
_ sin (?)—25) —sin (g)
2sin (g—)

=C08X from (ii)
=LHS

P [ =

Hence S(1) is true

Assume S(k) is true i.e. result is true for n=k

. {2k+1 )
sin Tx .
ie. cosx+0032x+cos3x+...+cosl<x=7—5
ZSin(—)

Prove S(k+1) is true i.e. prove result is true for n=Fk+1

. (2k+3 j
sin| ——x
ie. cosx+co82x+cos3x+..+cos(k+Dx=——"—2—

1
2mn(f] 2
2
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Stk+1):
LHS = S8(k)+cos(k+Dx
. (2k+1 )
sin 5
= ——+cos(k+1)x
. [x 2
2sin| —
)
sin(Zk+1 x) + 231'11(%) cos(k+1)x

ZSin(f) 2
2

.(2k+l . 2k+3 . (2k+1

sm| ——x |4-8sm X |—Sin —X
3 2 2 2 1

—-— from (i)
2sin (ij 2
2

.[2k+3 j
sm| —m—Xx
2 1

2sin (ﬁ) 2

RHS

I

Hence if S(k) is true then S(k +1) is true. v
Thus since S(1) is true it follows by induction that S(#) is true for positive integral 7.

() 6) (2 marks)

Outcomes assessed: E5
Targeted Performance Bands: E2-E3

Criteria Marks
o draws correct diagram indicating all resolved forces 1
e derives correct expressions 1

Sample Answér:

- . Nsing
Resolving vertically: b

Fsinf+ mg= N cosf
2. Ncos@-Fsinf=mg

N Ncos6

Fcos®
Resolving horizontally: Fsing

(]
-

HV

Fcosf+ Nsinf=

¥ ¥ mg
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(b) (ii) (2 marks)
Outcomes assessed: ES
Targeted Performance Bands: E3-E4

Criteria Marks
e finds squares of both expressions 1
s finds correct expression 1

Sample Answer:
Squaring equations in (i)
m’g? = N? cos® — 2FN cosfsin @+ F* sin’ 6

m*v?

O

—— = F” cos” 0+ 2FN cosfsin @+ N° sin” @)
s
2.4
M+@)  mig+ I = N?cos’ 0+ N sin® 0+ F sin® 6+ F2 cos 0
¥
2.4
LN PP =mig + mr:
(b) (iii) (2 marks)
Qutcomes assessed: E5
Targeted Performance Bands: E3-E4
Criteria Marks
s substitutes in the correct expression for F 1
e finds correct expression 1
Sample Answer: ]
2.4
From (ii) N2+ F2 = mPg* + ’”r;’
. 1 1 m*y*
Since F=€N N2+§gN2=m2g2+ 7
37 v
N =m?| g+
36 g r
36m’ v
N = 2,V
37 &
Given speed is 72 km/h = v =20 m/s
. 6m | , 160000
ie. N=—p== +—
BV TP
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(b) (iv) (2 marks)
Outcomes assessed: E5
Targeted Performance Bands: E2-E3

Criteria Marks
o establishes correct equations 1
o finds the correct answer (correct numerical equivalence) 1
Sample Answer:
my’
From (i) Fcosf+ Nsinf=—-
r
m*v?
From (ii) N +F =m’g + —
»
2 2.4
fF=0  Ne—o and N =m’g + 7
rsind ¥
pr - e
= +
Psintg 8
4 4
ie. ———— —=100+———
900005sin” 5° 90000
4 4
Y100
90000sin* 5" 90000
vt ! ——— L 100
90000sin* 5° 90000
v* = 68888.39621...
y=162 m/s
= 58.3 km/h
Question 8 (15 marks)
(a) () (1 mark)

QOutcomes assessed: E5
Targeted Performance Bands: E2-E3

Criteria Marks
¢ finds the correct primitive ' 1
Sample Answer:
ma =—mkv(c+v)
sa=—k(c+v) as required
32

DISCLAIMER *
The i i ined in this d is intended for the professional assistance of teaching staff. It does nof constitute advice to students. Further it is not the intention of the

CSSA to provide specific marking outcomes for all possible Trial HSC auswers, Rather the purpose is to provide teachers with information so that they can better explore, understand
and apply HSC marking requirements, as established by the NSW Board of Studies.

‘No guarantee nor warranty is made or implied with respect to the application or use of CSSA Marking Guidelines in relation to any specific trial exam question or answer, The CSSA
assumes no liability nor responsibility for the accuracy, corapleteness or usefulness of any Marking Guidelines provided for the Trial HSC papers.




(a) (i) (4 marks)
Outcomes assessed: E5
Targeted Performance Bands: E3-E4

Criteria . Marks
* integrates correctly or some progress towards solution 1
o further progress towards solution 1
o significant progress towards solution 1
s derives the correct solution 1
Sample Answer:

a=-k(c+v)

dv

—=-k(c+v

dt (e+)

P =—kdt

(c+v)

In(c+v)=—kt+b

whent=0,v=U..b=n(c+U)

.'.—k1=]n(0+vj
c+U

e_kt: c+v
c+U
whent=T, v=0 =e¢* =—2_ 1
(c+U) O
=kr U
1 1 e —-
whent=:T, v=qU =e? = ) @

(c+0)

U 2
, (C-“Zj c
D20 G e

2
i -kgc-+U—=c2 +Uc
2 16

v _Ue
16 2
L= éU as required
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(2) (iii) (2 marks)
Outcomes assessed: E5
Targeted Performance Bands: E3-E4

Criteria Marks
» gubstitutes into correct equation 1
o derives the correct solution - 1
Sample Answer:
w_ CtV
c+U
E +v
—kt
e =
v +U
8
WU« U,
8 8
U o n
v=—"((9e " -1
e 1)
" 8 =9¢™ -1 as required
U .
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(®) (@) (2 marks)

Outcomes assessed: E2
Targeted Performance Bands: E2-E3

Criteria Marks
e establishes cyclic quadrilateral using angles in the same segment 1
s uses angle in a semicircle to establish that BC is a diameter 1
Sample Answer:
/BEC=90° EC 1 4B
/ZBDC =90 BD 1 AC

. BCDE is a cyclic quadrilateral (interval BC subtends two equal angles on the same side)
Also BC is a diameter (angles in a semicircle are right angles)

(b) (ii) (3 marks)
Outcomes assessed: E2
Targeted Performance Bands: E3-E4

Criteria Marks
e establishes ZBAC is constant 1
e deduces that Z4BD is constant 1
» uses property of equal chords to deduce that ED is constant 1
Sample Answer:

BC s a constant length .. angle at circumference is constant = £ BAC is constant
2L ABD =90’ — £ BAD BD 1 AC

i.e. ZEBD is constant.

Similarly £ DCE is constant.

£ DCE = ZEBD (angles in a segment are equal; BCDE is a cyclic quadrilateral)
So chord ED subtends equal, constant, angles on circumference

. ED must be constant (equal chords subtend equal angles)
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(b) (iii) (3 marks)
QOutcomes assessed: E2
Targeted Performance Bands: E3-E4

Criteria Marks
o establishes MP 1 ED 1
¢ uses Pythagoras to establish that MP is a constant 1
o deduces final result 1

Sample Answer:
D
E
B M C

Let P and M be the midpoints of ED ar;d BC respectively.
Join MP and MD

BC'is the diameter of a circle .". M is the centre of the circle.

.. MP 1. ED (line from centre to the midpoint of the chord is perpendicular to the chord)
By Pythagoras MP* = MD* — PD*

MD = —;—BC BC fixed chord
PD = %ED ED fixed chord

MP? = lBC2 - lED2
4 4
ie. MP? is a constant

2. locus of P is part of a circle, centre is the midpoint of BC and radius is %\/BC2 —ED?
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