Student
Number

@mb[e@z’es’@ollege

Mathematics Extension 2

HSC Trial Examination
Term 3 2025

General e Reading time — 10 minutes
Instructions Working time — 3 hours

e Write using black pen

e Calculators approved by NESA may be used
e Areference sheet is provided

e For questions in Section Il, show relevant mathematical
reasoning or calculations

Total marks Section 1 — 10 marks (pages 1-5)

100 e Attempt Questions 1-10

e Allow about 15 minutes for this section

Section Il - 90 marks (pages 7-13)
e Attempt Questions 11-16
¢ Allow about 2 hours and 45 minutes for this section

¢ Answer each question in the appropriate space in the
Answer Booklet. Extra writing pages are included at the
end of each question.



BLANK PAGE



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

1.  Consider the proposition:
“Only the diagonals of rectangles are equal”.

Which of the following statements is a counterexample to this proposition?

(A) The diagonals of a rhombus are equal.
(B) The diagonals of a kite are equal.
(C) The diagonals of a hexagon are equal.

(D) The diagonals of an isosceles trapezium are equal.

2.  The diagram below shows a locus on an Argand diagram.

Im
< =~ Re
0 2
- 3 -

Which of the equations below represents the locus shown above?
(A) |z—2+3i]=2
(B) |z+2-3i=2
(C) |z-2+3i=4

(D) |z+2-3i=4



3. A regular octahedron is shown in the diagram below. All edges are of equal length.

E

\
J
j'

Which of the following vectors is equal to EC+FC?
(A) AC
(B)

©)
(D) FE

CA
EF

4.  The sum of the non-real complex numbers z and w is zero.

Which of the following statements is FALSE?

A) Z=-1
B) z-w=2:z
C©) w—z=2w
(D) z+w=0



A particle is moving along the x-axis in simple harmonic motion. The displacement of
the particle is x metres and its velocity is v ms™.

The graph of v’ =n’ (a2 —(x —c)z), where a, ¢ and n are positive constants, is shown.

What are the values of a, ¢ and n?

(A) a=4,c:6andn:%
3
(B) a=4,c=6andn=5
1
©) a=6,c:4andn:E
3
(D) a=6,c:4andn=5

Which of the following is an expression for J.cos3x dx?

(A) sinxcos’x +%sin3 x+C

(B) sinxcos’x —%sin3 x+C
. | B

(C) sinx+—sin"x+C

(D) sinx—%sin3x+C



7.  Particle 4 and particle B, of masses M , and M, respectively, are connected by a light

inextensible string passing over a frictionless pulley as shown.

NOT TO
SCALE

Particle A4 lies on a frictionless surface inclined at 30° to the horizontal while particle B
hangs vertically from the string.

The particles are initially at rest, and when they are released neither particle moves.
Which expression shows the relationship between M , and M, ?

(A) M, =M

(B) M, =3M,

(C) M, =2M,

D) M, =2‘/§MB

8.  Consider the statement:
VneZ, if n° is odd then # is odd.
Which of the following is the contrapositive of this statement?
(A) VneZ,ifnisnot odd then n* is not odd.
(B) 3neZ, ifnisnotodd then n* is not odd.
(C) VneZ, ifnisnot odd then n* is odd.

(D) 3neZ, ifnisnotodd then n* is odd.



9.  The diagram below is of a hollow cylinder of infinite height in three dimensions,
centred about the y-axis.

5 1
>

O

What is the Cartesian equation that describes this cylinder?

(A) Y +z"=25
(B) x*+2z2=25
C) x*+z2=(5-y)

(D) y*+z2=(5-x)

10. Itis given that f(a)=-2, f(b)=8, g(a)=1and g(b)=2.

What is the value of jb f'(x)g(x)—fz(x)g'(x) dx?
: (g(x))

(A) 6

B) 2

€ -6

(D) -18
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Section 11

90 marks
Attempt Questions 11-16
Allow about 2 hours and 45 minutes for this section.

Answer these questions in the Answer Book provided.
Your responses should include relevant mathematical reasoning and/or calculations.

Question 11 (15 marks) Marks
(a) (1) Express —5-5i in the form reie, where —7 <0< 7. 2
(i) The point on an Argand diagram that represents —5—5i is one of the vertices 2

of an equilateral triangle whose centre is at the origin.

Find the complex numbers represented by the other two vertices of the triangle.

0

Give your answers in the form re'”, where —7 <0< 7.

2 -1
(b) Consider the vectors a=| 3 | and b=| 1
1 4
(1) Find |e~1|. 1
(1) Find the angle between a and b, in degrees correct to 1 decimal place. 2
(c) Find I A, 2
32
I-x

(d) A particle is moving along the x-axis. At time ¢ seconds it has displacement x metres
from the origin O, velocity v m/s and acceleration @ m/s* given by a = x—10.
Initially the particle is 1 metre to the right of O and moving away from O with a

speed of 9 m/s.

(1)  Find an expression for v in terms of x. 2

(i1) Find an expression for x in terms of ¢. 2
(e) Prove algebraically that the difference between two consecutive square 2

numbers is odd.

End of Question 11
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Question 12 (17 marks) Marks

(a)

(b)

(©)

(d)

(1) The complex number z is such that 2

1+
1—ki

z where £ is a real number.

Find the real part of z and the imaginary part of z, giving your answers in terms of k.

(ii) In the case where k = \/g , use part (i) to show that 3
Tz 26
COS—=—"—.
12 4

Relative to a fixed origin O
e the point 4 has position vector 5i +3;+2k .
e the point B has position vector 2i +4j+ak .

where a is a positive integer.

(i) Show that \@i\ =38. 1
(i1) Find the smallest value of a for which 2
o3>0

2x+1 =ax+b c

(1) Find the values of a, b and ¢ where =— ) 3
(x2+1)(x+l) X +1 0 x+1
1
(i1) Hence, or otherwise find j _ 2x+l dx. 3
0 (x2 +1)(x+1)
o . : 6 2
Let /, be the straight-line segment with equation r, = 4 +1 L) -3<A<1. 3

The straight-line segment £, is perpendicular to ,, and the endpoints of £, are
also its x and y intercepts.

2
Given that the endpoint of the position vector 7 = (2] lies on both (, and /,, find

the vector equation of £, .

End of Question 12
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Question 13 (14 marks) Marks

(a) In the set of real numbers, let P be the proposition.

“If a+b is irrational then at least one of a and b is irrational”

(1) State the contrapositive of the proposition P. 1
(i1) State the negation of the proportion P. 1
(i11) Write the converse of the proposition P, and state, with reasons, whether 2

this converse is true or false.

(b) (i) The region R on an Argand diagram satisfies both |z +2i[<3 and —% <arg(z)< % 2

Sketch R on the Argand diagram given in your Answer booklet.

(i) Find the maximum value of |z| in the region R, giving your answer in exact form. 2

(c)  Use mathematical induction to prove that *"C, < 2"~ for all positive integers n>5. 3

(d)  Use integration by parts to find in simplest exact form J. 2™ dx. 3
1

End of Question 13



Question 14 (16 marks)

(2)

(b)

(©)

A particle of mass m kilograms is initially at the origin, moving to the right along
the x-axis at a velocity of u ms™ where u > 0, until it comes to rest.

The only force acting on the particle is a resistance with magnitude m (1 + v) Newtons

acting against the direction of the motion.

(i) Show that X = —(1 + v).

(i1)) Show that x:u—v+ln£1+v

metres.
1+u

(ii1) Show that the distance travelled before coming to rest is

eu
x=In metres.
1+u

(i) Show that Jw f(x)dx= jaf(x)dx + Jaf(—x)dx.

0 0

1 5 2
.. X +x —tanx
(i1) Hence, evaluate I e dx.
-1 x“+1

As a particle undergoes simple harmonic motion, its displacement, x metres, at any

time, ¢ seconds, is given by the equation
x(t) =6.766 sin(2t —0.224)

(1) Find the range of the particle’s motion, correct to two decimal places.
(i) Find the maximum speed of the particle, correct to two decimal places.

(111) Find the distance travelled by the particle from its initial position to when it

first comes to rest, correct to two decimal places.

End of Question 14

10
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Question 15 (15 marks) Marks

(a)  Using the substitution u =sin x+1, or otherwise, find 2

cos X
— - dx.
sin“ x+2sinx+5

(b)  The Argand diagram below shows a triangle with vertices 4, B and C representing
the complex numbers —3, 3 and —1+5i, respectively.

z, 1s the centre of square ACDE and z, is the centre of square BCFG.

D
E
X
A
(1) Find the complex number represented by E. 1
(i) Hence, or otherwise, find the complex numbers z, and z, . 3
(1i1) Show that the vectors representing z, and z, are perpendicular. 1
(iv) Prove that, if C is moved to any complex number a+ib, where -3<a <3 3

and b > 0, then the vectors representing z, and z, are always perpendicular.

e 1 .
(c) Letl, =J. —(Inx)" dx for all integers n>0.
1

X
(1) Show that /, =nl 1 for all integers n > 1. 2
e
(ii) Hence show that 3
I = n!—l(”PO +"R+"P,+.."P,)
e

End of Question 15
11



Question 16 (13 marks) Marks

(a)

(b)

A particle of mass 1 kilogram is projected from the origin with speed 40 ms™ at
an angle of 30° to the horizontal plane as shown.

The position vector of the particle, at time ¢ seconds after the particle was projected,
is given by

r(t) = 45 5 (Do NOT prove this)
b (1 M ) t
(1) Find the velocity vector y(t), of the particle 7 seconds after it was projected. 1
(i1) At point P the particle is descending at 30° to the horizontal. 2
}}
\
L . horizontal
/30 NOT TO
Y
30°
> X

Show that the time taken for the particle to reach P is log, {17 seconds.

(i)  Itis known that |g| =1,

l2|:2»

=4, a-b=-2 and ¢-(a+b) =4 2

Using dot products, show that |g +b+ g|2 =0.
(11) By considering the angles between the vectors ¢, b and ¢, or otherwise, 3

show that |c~z -b+ g| =7.

Question 16 continues on page 13

12



Question 16 continued Marks

(¢)  The diagram shows a circle of radius 1, with its centre on the y-axis, that is 5
tangent to the parabola y =x" at two distinct points. This circle has centre (O, k)

for some value & >0 therefore has equation x* +(y —k)2 =1. (Do NOT prove this)

. : 3
By showing the x-values of the points of contact are x ==+ % , find the exact area

between the circle and the parabola.

END OF PAPER

13
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Measurement Financial Mathematics
Length A=P(l+r)
I=- E = 2m

360

Sequences and series

Area
.-‘-l:i}:'l:?i!'.r'2 :'lju_a'i_l'f.n_ljﬂl

360
A—%[ﬂ‘.‘b] 5:,|=%[2ﬂ+{ﬁ—l_]f-ll]=%{ﬂ+f}
Surtace area T = gl

H
A =2 + 2arh )
ﬂ[l—r"}l .-:zir"—ljl

A = 4mr® ¢ = 2
" I=r r=1
Volume
£
&= <1
1-"'=lﬂh ]_r'lrl
3
4
V= 7:::-3'
3
Functions Logarithmic and Exponential Functions
-— +..|II < . .
X= btab 4 ]Uﬂ“ﬂl—x;ﬂhﬁ’t
2o
log, x
Far ﬂ.r3+bx"1'+cx+d = (]: lngﬂ_x=m
b Ey
g+ f+y=——
ﬂ ! a x ..:|.||.J.r

a4 =

C
aff +ay+ fy=—
and Hﬁ}'z—%

Relations

|:.t - Fi']j b [}r - .#]2 =y*




Trigonometric Functions Statistical Analysis

sind = —PF oz A :ﬂ. tanA —% ox=u An oullier is a seore
ac TS less than () = 1.5 = JQR
1= labﬂin C o
e J2 i more than (), + 1.5 x IQR
-EI' _ -F;- _ -c‘ Ao
sind  sinf sind 1 Normal distribution
¢ = a* + b* = 2abcos i
2, .2 % i
cosC = % 30¢ i
g I
2 W3 5
I =rf i
1 s ale — 1 1 E 1 1 =
A=5r70 1 -4 =2 -1 0 1 2 3 ¢
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cotd =22 ind # 0 E(X)=u
s
- 21 (v o2
costx + sintx =1 Var(X) —E[{X = u) ]_ L(X hl' H
Compound angles Probability
sin{A + B) = sinAcos B + cos Asin B P{A B} = P(A)P(B)
cos{A + B) = cosAcos B — sinAsin B P(AwB)=P(A) + P(B) - P[AN B
tanA + tan B . PlAnB)
tanfA +8)=——— FlA|B)=———=, FIB) =0
anl{ ] l=tanAtan f |: | ) F{_ﬂ] ( ]
if ¥ 71;.-3_11i than sind = 2t Continuous random variables
1+4° .
-1 PiX=y)= )
l;;usA:l 1 [ ) J-f{.rj_a:
1+ 42 a
2t b
tand = e PlacX <b)=| jfix)dx
-4
1
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Ditferential Calculus

Function
y=flx)'
¥ = v

¥ =glu) where u=jx)

¥ =sin f(x)
y=cos f(x)

¥=tan f{x)

y=el
y=Inf(x)
y=af?

¥ =log, flx)

y=sin"! #({x)

¥ =cos™ Fx)

y=tan™! £(x)

Derivative
L oA
dy c.l'l-' N du
dx :E.r dx
dy _dy du
dx du dx
du dv
P——y—
d_} dx dx
J'.l.r.[ 1__2

j—-;n F1(x) c0s £(x)

4.

" ==j"{x)sin f(x)

ay _ Fix)sec? fix)
dx

AY e o H )

e Flx)e

dy _ fix)

dx  flx)

4y _ fx
e (Ina) fix)a
dy __ Fix)

dx  (Ina) f(x)

dy Sz
dx lll—[_f-[tjlz
dy )
dx Jl—[f{t}l]z
dy _ Sx)

de 14 ff

Integral Calculus

J- .J::l[_.f'(.r:l]”ﬂ'.r— [_.-""I[x‘l] +c

where n#-1

Fix)sin flz)de ==cos flx)+c

Fxicos Flx)dx =sin f{x)+¢

w

J .-"'UE-":'?‘TECE,!"{-I}:.I’.J: =tan flx)+¢

o

Fx)e’ Wy = My o

‘ %d.r:lnl_f{_r}|+c
i . ALY
f’(xjuf“"‘:'fix: - o+
r-—"'M':MJ dr = qiu_]M+c
2 2 a
J e =[£(0)]
.-"HI::I:} = tﬂ.]l_lfl: :I
Jat +[ ) e .
u—1dx=uv—j-v—uﬂ'.r
] odx dx

&
j Flx)dx
i

=222 fay+ ()42 A+

where a = x;, and b =x,

f{xn =1 J]}



Combinatorics

vy M
P,_— I:ra —r]!
F="e=rmm

rlin=r)!

(x+a)' =x"+ [njlx"_]ﬂ doo [njx"'rn’ 4. ag"

1 r

Vectors
o= ] = 777

u-v=|uf|v]eosd = xx, + .
where u = x1+ ¥ ]

and v = Xal + ¥ j

r=ga+Ab

Complex Numbers

r=a+ih= f'{ﬂﬁﬁ.ﬂ + EE'LHH:I
= re'"
[r (cos@ + isin ﬂ'}]ﬂ = r®cos nd + isinnd)

n_ing
=r £

Mechanics
By o d(L
F clf vy oalxn 2 J

x=acos(nt+a) + ¢
x=gsinlnt + ) + ¢

f— (x=1c)
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Mathematics Extension 2 | Student Number:

HSC Tl’lal Examination Teacher’s Name:...........................
2025

Section I — Multiple Choice Answer Sheet

Select the alternative A, B, C or D that best answers the question. Fill in the response oval completely.
Sample: 2+4= (A) 2 (B) 6 (C) 8 (D) 9
AO B@® O DO

If you think you have made a mistake, put a cross through the incorrect answer and fill in the new
answer.

A O Bx cO DO

If you change your mind and have crossed out what you consider to be the correct answer, then indicate
the correct answer by writing the word correct and drawing an arrow as follows.
correct

A
AJE B CO DO

3 AQ@ B O c O DO
4 AO B O c O D@

6 AO B O c O D@
7 AO BO @ DO

10 A& BO O DO



Section II

90 marks
Attempt Questions 11-16
Allow about 2 hours and 45 minutes for this section.

Answer these questions in the spaces provided.
Extra writing space is available at the end of each question.
Your responses should include relevant mathematical reasoning and/or calculations.

Question 11 (15 marks)
(a)
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; o equw et
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Question 11 continued Marks

(b)
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=6
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Question 11 continued




Question 11 continued Marks
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Question 11 continued Marks
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End of Question 11



Question 12 (17 marks) Marks
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Question 12 continued Marks
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Question 12 continued Marks
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Question 13 (14 marks)
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Question 13 continued
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Question 13 continued

) %JV ......... _( eaN... shitened. 5. Ve, “@N‘ AR 5 N
LG = R s 252 < 2B

CRHG = 28 = 28¢

?js,?_lgk%%m%’mé@?b’\mc%ro=\<Lo/wzk\/ by
e .

= S

L\r\%:}\mCh\ ...................................................................
________________ 2kt >
O € 2 U KT -1 <% 30 T
.............. o (26>
................ ke e
.................. (2s2d (e DN
....................... Ceed e Ceet D
2l O k> (3
(k«\i ,,,,,,,,,,,,,,,, S S

2 (2 2k
e f)ﬁf.kﬁ”.”ﬁ'fﬁffﬁ?ﬁfﬁfifﬁfﬁﬁfﬁﬁ'ﬁlfﬁ":ﬁffﬁfﬁ
.................. 2°Ck« 5 P B S p R
................................... ST T S
.................. _—_JS._L)'/Z__,G2W
= \
e S22 B S e, k. 2.5, k5 5 e |
.................................................................. %0%<\
gxqﬁ;%?Aag‘}(wﬁq*qmi\'?&"\‘rm'@r‘i\=59&5$we¢§
....ftmc,....%:r...f\:—'...\ﬁ..%A,,..&[?.na&g...’\,'mo..%u.n.ﬁ..%.’?...\..a ..................

‘..‘.Eg.‘wf\&e,w“\ﬁ%l..M‘udw“mmfhg,.s’.{*M‘..‘T.;‘iﬁme{ ........
..... Sz Bel=6 0265 \37 ol $0 800
gb%‘»‘c.,&"ka’\'e,wigﬁcr\52%—2]\&”\"(11@/’@0 .........
..,.,,,a.l\.,.P.n$7£n@..?+fr@3m.,.@,\Q,,n,,.,u.w..,,h..?.,5,= ,,,,,,,,,,,,,,,,,,,,

.............................................................................. L’&Fs@fﬁ\)z) gé-\\“ﬁ «p it 3 a
[ & a“&e.w.?"b\j 4o Break o =
["(‘ler -Cm\ Coreeck 'EH%‘Q



Question 13 continued
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Question 14 (16 marks)
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