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Section I
10 marks
Attempt Questions 1-10

Allow about 15 minutes for this section

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

1 A.

By sum of roots, 3 +i + o + f=10,s0 & + =7 — i. By product of roots, (3 + i)af = 40,

so aff = 34—0 = 4(3 —i). Hence we affirm A..
+i

2 B.
The length is 4 +9 + 36 =7 units.
3 D.

The coefficient of x needs to be positive and the coefficient of y needs to be negative.
4 D.

Expressing Re(z) >Im(z) as y <x, the region lies below the line. Also, the centre of
the circle lies in the first quadrant.

5 B.
w . w -1 4
As S = 3 +4i, 0=arg(w) — arg(z) = arg| — |+ 2kz = tan 3 + 2k, where k € Z.
Z
Hence sin@ = sin tan‘l(i) = i
3 5

6 C.

The negation includes both 3p > 0 and q2 #P.
7 C.

. . 7 1 1 1 .
By partial fractions, = = + , with all three

t (x+1)(x=6) Tx+1) 7(x-6) (x—¢)
8 B. |

The triangle has 2|z| and |z| as its base and height, as —iz is a 90° rotation of z.

Hence the area is %xZ\z\x|z|:|z|2.
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10

A. -2 1
The lines are parallel because | 2 |=-2| -1 |.
—4 2

Also, the point (3, 2, —2) is common to both lines with (4, x) = (1, 0).

This point can be considered to lie in the intersection of the set of points on £, and the
set of points on /.

The lines ¢, and (, are in fact coincident. Though it is unusual to describe coincident
lines as ‘intersecting’. Were the answer NOT A., the intended answer would be B..

C.
For f(x)=x>+x*=x*x+1),xdivides "(x),so £"(0)=0.

But its graph has a turning point at x = 0.
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Section 11

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

Answer the questions in the Section II Writing Booklet. Extra writing booklets are available.

For questions in Section II, your responses should include relevant mathematical reasoning
and/or calculations.

Question 11 (15 marks) Answer Question 11 on pages 3—6 of the Writing Booklet.

(a) For integer(s) a, if a is odd then a® is odd.

As written, the provided sentence is NOT a statement. The variable a should be
quantified, whether universally (V) or existentially (3).

(b) (1) 3z+w=(09+6i)+(-1-5i)=8 +i.

(i) 2zw =2(3 - 2i)(~1- 5i)
=2(-3 - 13i + 10i*)
=2(-13 - 13i)
= —26 — 26i.

Question 11 continues on page 5

_ 4
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Question 11 (continued)

1 1
(¢c) Leta=|0|and b=|0 |,so that @ is also the angle between ¢ and b,
0 3

as b|| OP, and b - OP, > 0.

Then
a .

Ay

cosf =

Ay

a

ﬁ_
(@)

Hence tan’0 = sec’0 — 1= 12 —1=9,as L =+10.
cos“ 0 cos

(d) Consider (6 + 5i)* =36 — 25 + 2(6)(5i) = 11 + 60i.

Hence the square roots of 11+ 60i are +(6 + 5i), with (x,y)=(6,5) or
(-6, -5).

(e) Write z=r(cos@+isinf),so z=r(cosf—isinf),asr, 6 € R.

2

So zz= r2(00529 + sin26) =r-,as cos’0 + sin’0 = 1.

2
2 ,as r € R.

But |z|:‘rei9‘:|r ,as ‘eia‘:l,so r :\r\2:|z

Hence zz = \z\z.

It is probably okay to assume that r = 0.

Question 11 continues on page 6
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Question 11 (continued)

f) JS dx zjs dx
%\/6x—x2 %\/32—()6—3)2

[ (53]

(2) (1) Asz=a+ai=a(l+1i),
2] =]ap2.

Hence |zs‘:|z|5=4\/§|a|5=4\/§a5,as a>0.

(i) Asz’=a’(1+i) witha® >0, arg(z’) = Sarg(1+ i) =54—”+ 2kr, k€ Z.

Hence Arg(z’) = —% € (-z, z].

End of Question 11

Please scroll down
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Question 12 (15 marks) Answer Question 12 on pages 8—11 of the Writing Booklet.

(a) (1) Write z= ¢ so by de Moivre’s theorem, 7" + 77" = 2cos(n8), as given.
Then

(=5 (& e

14 2 2 -4 4
_E(Z 47+ 6—-47°"+z ),asz =1

= %6[({‘ + ) -4+ 6}

:%6(2“)849_ 8c0s260 + 6), with n=4 and n=2

= %(00549 —4c0s20 + 3).

i) As |e®|=1, ¢ =¢® s0 ¢ - ¢ = 2iIm(cos O+ isin#) = 2isin .

i6 —i0
e’ —e )
Thus, ———— =sin#é.
21

Hence, by (i),
Jsin“ede = %J(cos49 — 4¢0s20 + 3)do

sin4@ sin26 360
= - +—+c.
32 4 8

Question 12 continues on page 8
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Question 12 (continued)

(b)

(c)

Consider P(z) = (z - 2)(z? - 22 + 37)(z% - 62 + 25).

Note that (z — @)(z — @) = 2> — 2Re(a) z + | @ 2 50 (z—(1+6i)) is a factor of
7> —2z+37 and (z — (3 — 4i)) is a factor of 7 — 6z + 25.

Hence 2, 1+ 6i and 3 — 4i are zeroes of P, and P has real coefficients.

Usually HSC spells these as ‘zeros’, without the ‘e’.

Asa.b.c>0,% +27b > [Fab >0, 2 +22€ >J2b¢ >0 and & +214a > J14ca > 0.

Multiplying,
%(a +7b)(b + 2¢)(c + 14a) 2 Tab2bc\14ca = 14144 (abc)?

= 14abc, as abc > 0.

Hence (a + 7b)(b + 2¢)(c + 14a) = 8 X 14abc =112abc.

Question 12 continues on page 9
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Question 12 (continued)

(d) From the graph, X(1)=%(3) =0, so by symmetry of SHM, the period is T = 4.
Thus ¥(0) = 7°.

Model the motion by ¥ = 7> cos(nt), where 2771 =T=4,s0 n= %

So

t
i= nz(g) sin(ﬂ) +k.
T 2

When t=0, x=0,s0 k=0.
So

. dx . (ﬂ'lj
X=—=2xsin| —
dt 2
X = —2ﬂ(2)cos (ﬂ) + h.
y1 2
When t=0, x=-2,s0 h=2.

Hence x(1) =2 — 4cos(%t).

Question 12 continues on page 10
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Question 12 (continued)

e 1+¢"
o [Ee
"
— d(ex)z_i_l 2e* zd(ex)
J 1+(ex) 2 1+(ex)
=tan‘1(ex)+lln(1+ezx)+c, as 1+ e*>0
2

End of Question 12

Please scroll down
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Question 13 (14 marks) Answer Question 13 on pages 13—16 of the Writing Booklet.

(a)

(b)

For positive integers n,

(412 = (=1 =((n+ 1) = (= 1))((n+1) + (n - 1))
=2(2n)
=4n.

Hence any positive multiple of 4, say 4n, can be written as a difference of

squares, namely (n+1)> - (n—1)?, where both n+1 and n—1 are integers,
as n € Z.

As v? = =2(x? - 4x - 4)
=-2(x-2)*+16
=0,at (x—2)>=8 or x=2+2.2.

As the particle is in SHM, it oscillates between x =2 — 2J2 and x=2+2J2
with centre x = 2, so the amplitude is 2+/2.

Hence the distance it travels in one period is 4 X 24/2 = 8/2 m.

Question 13 continues on page 12
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Question 13 (continued)

(¢) With 6=2tan"'t, d6 = 2‘”2.
1+¢
2
Also, t=tang,so cos@ = ! t2 and sinf@ = 2 5
2 1+1¢ 1+¢

J do ( 1 dt
—=2 X 5
5+ 3cosf —2sinf 3(1—t2) 2(2l) 1+¢
S5+ 2 2
1+1¢ 1+¢
( dt
=2 2 2
JS5S+5t°+3-3t"—4¢
~ dt
2 —2t+4

Question 13 continues on page 13
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Question 13 (continued)

(d) Let x be the distance fallen from the maximum height, so we seek v at
x=5In(6.76).

By Newton’s second law,

0.8% = 0.8g — 0.08v>
2
$=10-2 as g=10
10
Jdv 100 —v?
dx 10

—2vdv 1
e | dx
100-v2 5

In|100 — v2| = —§+ c

X

100 =2 =Ae 5, where A = +¢€ € R.

X

At x=0, v=0 (maximum height), so A =100 and 100 — V2 = IOOe_g.

X
Sov=10V1-e 5 >0 (speed).

At x =5In(6.76), the required speed is

10J1= 670 — 10 [1— L —10,[270
6.76

6.76
10576 10x 24
J676 26

= % ~923 ms~! 2dp.).

Question 13 continues on page 14
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Question 13 (continued)

(e) (1) Assume for contradiction that J6 is rational, so /6 = % ,a,beZ" as

J6 > 0, with a, b coprime.

2
Then %=6, SO a2:2(3b2). As 3b2€Z, a® is even, SO a 1S even

(otherwise if a were odd, then a® would be odd). @
Let a =2k, k € 7, so 4k* = 6b> = 3b* = 2k* .

Since 2 and 3 are coprime, 2 divides b? . That is, b? is even. Similarly,
by (D, b is also even. 2)

From (1) and (2), 2 is a common factor of a and b, which contradicts that
a, b are coprime.

Hence \/6 is irrational.

Question 13 continues on page 15
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Question 13 (continued)

(e) (i) Assume for contradiction that ~/3 — /2 is rational.

Then \/g—\/izg,wherep,qez,q;éo.

»?
Squaring, 5 —2\/€=—2.
q
_5¢°-p* . 2_ 2 52 :
So /6 = 57 is rational, as 5¢° — p~, 2g° € Z since p, q € Z, and
q

2¢>#0 as g #0.
This contradicts part (i), as J6 is irrational.
Hence /3 — /2 is irrational.

A near-identical question appeared in our 2023 HSC Premiere, differing
only in part (i), which asked for a proof that «/3 is irrational.

End of Question 13

Please scroll down

—15 -

Prepared by W2 Education


https://www.w2education.com.au
https://www.w2education.com.au

Question 14 (15 marks) Answer Question 14 on pages 18-21 of the Writing Booklet.

(a)

-1
Differentiating, v(7) =% 0
1
2 12 -1
Consider d =|r(r)—| 2 =% 8 . The helicopter loses power when
51 t
d=3.
When d = 3,
1
2_ L 2.2, 27
d _16[(12 ?+82+17 =9
21% — 241 + 208 = 144
P —12t+32=0
(r—4)(t-8)=0.
4
The earliest time is 7 =4 < 8, with r(4)=| 4
52

With no air resistance, resetting ¢ = 0 at this point, the helicopter is in projectile
motion in the plane y = 4. Taking the positive z-axis as upwards, consider the
Z-component:

7Z(t)=-10

(1) = =101+ ¢, but 20) = 50 ¢, =

z(1) :%— 5¢2 + ¢,, but z(0) =52, s0 ¢, = 52.

So at the ground,
Z(t)=—5t2+£+52:0

20t -+t —208=0
(4r—13)(5t+16) =0.

Question 14 continues on page 17
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Question 14 (continued)

(a) So t=? as r=>0.

. 13
Hence the helicopter takes 2 seconds to reach the ground.
The question omits many essential assumptions. This solution assumes that the

ground is the plane z =0, that upwards is the direction of the positive z-axis,
and that air resistance can be neglected.

Question 14 continues on page 18
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Question 14 (continued)

szex dx = szd(ex) =x%e" — 2J xe" dx,
Jxexdx = de(ex) = xe* —Jexdx =xe* —e”.

Thus, szex dx = x*¢* — 2xe* + 2 + c.

(b) By parts,

As yzzxzex,
3
V=7IJ x2e* dx
0
3
=7t[ex(x2—2x+2)}0
=7e°(9—6+2)— (0 -0+2)
= (563 - 2)7[ cubic units.
4 -3p 6
(c) () AsBA=|5-4b|Lland (|| 2 |,
2—4p -3
6
BA.| 2 =6(4-3b) +2(5-4b)—-3(2-4b)=0.
-3
So
24+10-6=b(18 +8 —12)
14b = 28.
Hence b =2.

Question 14 continues on page 19
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Question 14 (continued)

(©)

(i) As BA L1 ¢ and C lies on ¢, triangle ACB is right-angled at A, so

| 4B | = |BC|sinzACB
‘A_C:‘=‘B_C:‘0054ACB.

So|ﬁ|=‘A_C:|as sinzzcoszzi,since AACBZE.
4 4 2 4
6—4 2
Now AB =|8-5|=|3 as b =2 from (i).
8-2 6
So |AC|=|4B|=V4+9+36=7.
6
As || 2 ||=7, the two possible positions of C are at A = £1.
-3
10 -2
Hence OC=| 7 |or OC=| 3
-1 5

Question 14 continues on page 20
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Question 14 (continued)

(d) (1) Taking the direction of the initial velocity u as positive, the resistance
mk + mv? acts in the negative direction, so by Newton’s second law

mx = —(mk + mvz)

1 _1( l/t)
When t=0, v=u,s0 c=——tan” | — |.
Jk Jk

Question 14 continues on page 21
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Question 14 (continued)

(d) (i1) When t=——, by (1),
PN/
-1 u -1V /2 .
tan. —— —tan. ——=—, as Jk #0 since k>0
Jk Jk 4
-1V 1 u T
tanm — =tan= — — —
k kK 4
Lk_l
v
— = ,as tan—=1
\/E 1+Lk.1

Since u+\/z>0,for v <0 we require u <Jk.

Hence 0 < u < Jk.

But if u <</k, the particle comes to rest strictly before ﬁ seconds,

after which its motion ceases. Otherwise, were it to reverse, the force
would then act in the same direction as the velocity, thus no longer being
a resistive force.

A valid alternative answer is that there are no real values of u for which
the particle is moving in the negative direction (but the former is probably
intended).

Our 2025 HSC Premiere has a similar force model in Question 14 (¢), set

correctly: the constant force was a uniform electric field, which sustains
the force even after the droplet stops.

End of Question 14

Please scroll down
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Question 15 (15 marks) Answer Question 15 on pages 23-26 of the Writing Booklet.

(a) Forn=2,LHS=l+l— =
3 4 12 24
13

RHS =—< LHS.
24

7 _14

The statement is true for n = 2.

Assume true for n = k, where & is an integer with k=2, so

1 1 1 _ 13
— 4+ Food—>—
k+1 k+2 2k 24

to prove also true for n=k +1,1i.e.,

1 1 1 13
et >—.
k+2 k+3 2k+2 24

Consider

1 1 1 ( 1 1 1) 1 1 1
+——t et = + +ooo+— |+ + -
k+2 k+3 2k +2 k+1 k+2 2k 2k+1 2k+2 k+1

13 1 1
>— + + -
24 2k+1 2k+2 k+1

using the assumption

_13r 1
24 2k+1 2k+2
13 1

=+
24 (2k+1)(2k +2)
>§,as (2k +1)(2k +2) > 0 since k>2.

Hence the statement is true by mathematical induction.

A near-identical question was predicted in our 2026 HSC Masterclass practice
paper (HSC-level Paper 2): the same sum for all integers n =1 with the lower

bound %, for which the base case n =1 gives exactly %, with essentially the

same inductive step.

Question 15 continues on page 23
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Question 15 (continued)

(b) By the diagram, as ZAMP = 90°, AM is the projection of AP onto AB, where

4 1 3 2 1 1
AP=|-1|-|-1|=|0] and AB=|0|-|-1]|=]|1
5 2 3 3 2 1
So
1 1
e ot0+3 1152
12+17+12 .

Now E’+W:W, SO

2 3
PM=|2|-]0]|=| 2
2 3 -1
As ‘ﬁﬂ = ’VQ| (M is the midpoint) and P, M, Q are collinear, @ = m, o)

4 =) 2
00=0P+2PM=|-1|+| 4 |=|3 |
5 ) 3

Hence Q is the point (2, 3, 3).

Question 15 continues on page 24
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Question 15 (continued)

(c) Consider

s IEA 15
—1+Zz‘:Tn\—4+31|:Z\zn|.

3.
|Zn+l _anz‘_lzn_zn :|Zn‘

4

%izn , k=1,2,3,..., is a geometric

progression with common ratio y and M, = |z1| = 8.

3
=Z|Zn .50 M, =|z

Also |Zn+1| =

Then

5
R R e R (IR RS LA RSy

(W)

== (M +My+ M+

= _8 4 , by limiting sum, as 0 <§<1
-2 4
4

RSN

=40.

Hence the sum of the lengths is 40 units.

(d) (i) As|z;—w|=1and Arg(z1 —w):—%,

2r

——

Hence

21:(2+i)+[_%_§ij’a5 w=2+1i

:§+(1—ﬁji.
2 2

Question 15 continues on page 25
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Question 15 (continued)

(d) (i1)) By the diagram, using Pythagoras’ theorem,

\w|2=‘W2‘=‘22|2+‘z2—w 2 so|z2‘2=(4+1)—1=22

and ‘z2| =2, as ‘z2| > 0.
By the diagram, Argz, =2Argw = Arg( Wz).

As the real axis is also a tangent from O, the point representing z, is a
reflection of (2,0) in the line through O and w.

Hence

End of Question 15

Please scroll down
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Question 16 (16 marks) Answer Question 16 on pages 28-31 of the Writing Booklet.

(a)

(b)

As 7z is on the unit circle, write z = et ,Where -t <0< .

Consider 7>+ 72 +z = z2(1+ Z +z_1)

1

=e?(1+2cos0),as z+ 77 =€+ e =2co0s0.

So Im(z3 +7° +z) =(1+2c0s0)sin260 =0 = cos O = —% or sin26=0.
If cos@ = —l,then 0= iz.
2 3

If sin20 =0, then 26 = -7, 0, 77, 277, 50 6 = —%, 0, % .

LE

2 2

This factorisation idea, 1+ z+z>=z(1+2cos) with |z|=1, was the key
concept of Question 13 (b) of our 2026 HSC Masterclass practice paper

(HSC-level Paper 2), in which z was also placed on the unit circle via |z|=1
and involved relating 6 = Arg(z) to partial sums of a GP with common ratio z.

Recalling z = eie, the possible values are z =1, i, —

-1
2
(i) Consider I, — I, = 21 - x2+1n dx
Jo (x +1) (x +1)
rl )
—X
=| ———dx,forn=2.
2
JO (X +1)

Question 16 continues on page 27
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Question 16 (continued)

(b) (i1)) By definition,

1
1
T _lJ ! 5 dx, by parts
2(1 +x2) 2)o 1+x
_ /. i
4 2
Hence
1
12=Z+—Il
=l+£,as Il=£.
4 8 4
1
This integral 1, :J (dxn was set as Question 14 (a) of our 2026
2
x“+1

Trial Premiere.

Question 16 continues on page 28
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Question 16 (continued)

(©) (i) Consider
|v(8) [ =(cosa + sin@b) - (cos Ba + sin6b)
= coszﬁ(g . g) + (cos Og) - (sin 0[3) + (sin 0[3) . (cos 9@) + sinza(lg . lg)
= coszﬁ‘ a ‘2 + 2cos @ sin 9(@ : lg) + sin20| b |2
=cos’0x 1+0+sin’0x1,as |a|=|b|=1and g Lbsoa-b=0
= c0s’6 + sin’6
=1.

Question 16 continues on page 29
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Question 16 (continued)

(c) (ii) Let r,(a) and r,(8) be the position vectors of the points on C; and C,.
For the intersection of C, and C,, r| =r,.

Equating the x and y components,

Cos o

=sino,
J5
2cosa _ cos@
50 V2
. cos @ 1
Then 2sin@ = ———, so tan@ = —— and
J2 22
sec29:1+l:2: 12
cos 6@
So cosf = i%, as @ [0, 27r).
Now
0 1
cos @ .
r,(0)=—=|1 |+5sin6| O
V2 1 0
J2 tan 6
_cos@ 1
V2
1
1
= cos 9 2 |, where cos g = il.
22 5 NP
Hence the points of intersection are (l, 2, 2) and (—l, —2, —2)
3'3°3 373 3

The question implies there are at least two intersections.

Question 16 continues on page 30
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Question 16 (continued)

(©) (iii) The radius of this circle is 1= |E§ , and it lies in the plane OAP.

0 3
. . 1
Let a=0OA=|1|and p=0P=—— J2 |. The vector b=p-u,
< 0 £ 2\/§ o < r <

where u = projm.aﬁ, is orthogonal to g and lies in the plane OAP.

Now

6 2J3
3 0 3
D U I T U O N
~ 23 2.3 23
-1 0 -1
3 3
A 1
As b is a scalar multiple of | 0 |, b=——| O
: R B T

Hence a vector equation of this circle is

3 0
cos ¢ .
% = O |[+sing| 1|, 0<¢<2rm,
v(¢) 710 ¢ ¢
-1 0
or
0 . 3
sin ¢
y =cosg| 1 [+ 0| 0<¢<2rm.
v(¢) ¢ . 710 5 ¢

End of solutions
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