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Section 1

Trial Examination August 2026

1. Let R be the region in the complex plane defined by 1 < Im(z) < 3 and |z| < 4.

Which diagram best represents the region R 7?7

2. A driving manual contains the following statement:

‘If someone is bad at driving, then they will never miss an exit.’

Which of the following is logically equivalent to this statement?

(A) If someone is good at driving, then they will never miss an exit.

(B) If someone is not bad at driving, then they will miss an exit.

(C) If someone misses an exit, then they are bad at driving.

(D) If someone misses an exit, then they are not bad at driving.



Form VI Mathematics Extension 2 Trial Examination August 2026

d
3. Which of the following is a correct expression for / o
Vb —dx — x?

(A) sin~! (”3;2) +e

)
(5)

()

1 1
4. A complex number z = x + iy is defined such that Re (—) =3
z

+c

sin
(C) sin~
sin™

1
1

+c

Which of the following circles in the complex plane must z always lie on?

(A) (r=1)?+y =1
B) 2*+(y—-1)02=1
(C) (z+1)2+y*=1

(D) 22+ (y+1)3*=1

sin cosec 0
5. The vectors p and ¢ are given by p= | cosf | and ¢ = | secf |, where 0 <6 < 27.
tan 6 cot 6

For how many values of 6 is proj, ¢ a unit vector?

(A) 0
(B) 1
(€) 2
(D) 4
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6. The diagram below shows the complex number z = re? on the Argand diagram.

Y
Z e
1
/,,’ \\\\
7 Y
’ AY
’ \
A \
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_1| '1 x
\ ]
\ 7
AY 7’
N ’
N ,
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~._l_--
—1
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Which of the following diagrams best shows the position of — 7
z
(A) (B)
Y Y
1 1
/,/ \\ /,, \\
’ > ’ \
’ \ ' \
1 \ f \
: | j |
-1 i1 x -1 o 1 x
\ 7 \ 7
\\ ’/ ° \\ ,/
-1 —1
(C) (D)
Y Y
1 1
. I,' \\\ I,’ \\\
] \ ’ \
1 \ | ° \
; ; ; ;
-1 1 x -1 1 x
\ ! \ 1
\ 1 \ 7
\ 7’ \ ’
N // \\ //
-1 -1
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7. Consider the statement:

Vp,q € Z*,3m,n € Z* such that \/p + ¢ = v/m + /n.

Which of the following could be used as a counterexample to disprove this statement?

8. It is known that the vector r = i — j + 2k is perpendicular to ai + bj + ck, where
a, b, ¢ # 0. Which of the following vectors is NOT perpendicular to 7

(A) (a+c)i+(b+c)j+ck
(B) bi+aj—ck
(C) bitaj+(a—b+c)k

(D) (2c—a)i+(b—-2c)j+(a+b—c)k

9. The complex number z is defined such that —§ < Arg(z — 1) < 7.
Which of the following describes the set of values that Arg(z? 4+ 1) can take?

(A) —ZI<Arg(z*+1)<3

B) —Z<Arg(z2+1)<

(C) -2 <Arg(z2+1)<Z

(D) —Z<Arg(z*>+1)<n
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10. The graph below shows the derivative of the velocity v of a particle as a function of its
displacement z, where x > 0.

y b
y—dx

It is known that if the particle is at = 0, it will be stationary and will not move.
Which of the following graphs best shows the acceleration of the particle as a function
of its displacement?

(A) (B)

a a

End of Section 1

The paper continues in the next section
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Section 11

This section consists of long-answer questions.

Marks may be awarded for reasoning and calculations.
Marks may be lost for poor setting out or poor logic.
Start each question in a new booklet.

QUESTION ELEVEN (15 marks) Start a new answer booklet.

(a) Solve 22 — 4z +8 = 0.

(b) The complex numbers w and z are given by w = 8¢’ and z = 2¢%.

Find the modulus and principal argument of v
z

(c¢) Find the following:

(i) /(tan2 x +1)sec’ v dx

2
.. x
(ii) /4—1—1’2 dx

(iii) /xcos:cdx

1 1 —6 2
(d) Two lines are given by 1 = [ =2 | + A [ -1 | and ro=| 3 | +p | -1],
14 3 -1 3
where \, u € R.

(i) Show that the lines intersect, and find their point of intersection.

(ii) Determine the acute angle between the lines, giving your answer correct to the
nearest degree.

The paper continues on the next page

o] [es]
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QUESTION TWELVE (15 marks) Start a new answer booklet.

(a) (i) Show that if n is an integer, then n? 4+ 7n + 6 is even.

(ii) Hence determine, with justification, the number of integer solutions to the equation
(n2+Tn+6)" — 16n° = 3.

(b) (i) Find the values of A, B, and C such that
32? — 6z + 13 A Bx+C

@—5)(2+4 7-5 21d

2
— 1
(ii) Hence find / s — O + 19 dx.
(x —5)(x%2 4+ 4)

(c) An object moving in simple harmonic motion has displacement  m and velocity v ms™,

and its motion satisfies v? = 27 — 18z — 922.

(i) Find the centre of motion and the amplitude.

(ii) Determine the period and hence find the distance that the particle will travel in
307 seconds.

(iii) If the object has a mass of 5kg, find the maximum force that acts on the object
throughout its motion.

(d) The equation 23 + bz? + cx + 3b = 0, where b and ¢ are real, has a complex root b + ic.
Using the relationship between the roots and the coefficients:

(i) show that the equation has a real root of —3b,

(ii) find the possible values of b and c.

The paper continues on the next page
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QUESTION THIRTEEN (15 marks) Start a new answer booklet.
(a) Consider the statement: ‘If n is a multiple of 6, then (1 — Z\/g)n is real’.

(i) Prove that the statement is true.

] o]

(ii) State the converse and determine if it is true, justifying your answer.

(b) Use integration by parts to find / e” cos 2z dx .

(c) The diagram below shows the quadrilateral OABC', where OA = BA and OC = BC.

B

@)

LetO—14):Q,O—B):QandO_(}'):g.
(i) Use the fact that |a| = |b— a| to show that b-b=2a-b.
(ii) Use vector methods to show that OB L AC.

] [=]

(d) (i) By considering the expansion of (cos# + isin )%, show that

4tanf — 4tan® 0
1 —6tan%6 + tan* @’

tan 40 =

(ii) Hence find the roots of the polynomial z* — 423 — 62% + 42 + 1 = 0.

The paper continues on the next page
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QUESTION FOURTEEN (15 marks) Start a new answer booklet.

(a) On a distant planet, an astronaut determines that a particular object of mass mkg
experiences a resistive force of mkv? when it moves through the atmosphere, where v is
the velocity of the object and k is a positive constant. The magnitude of acceleration

due to gravity on the planet is G'ms 2.

When falling, the equation of motion of the particle is # = —G + kv?, and the astronaut
determines that the object has a terminal velocity of 40 ms~—! in the negative direction.

(i) Show that \/% = 40.
1

(ii) The object is projected upwards with a velocity of 40ms™".
upwards, its equation of motion is & = —G — kv?.
(a) Show that v = 40 tan (% — 40kt) .
(B) The astronaut observes that it takes 4 seconds for it to reach its maximum
height. Calculate the exact value of G.

When it is moving

(b) Two complex numbers z; and 29 lie on the unit circle, and are given by z; = e’ and
29 = e where 0 < a<7mand 0 < <.

(i) Show that e + 7% = 2cos#.

(ii) The complex number z3 is defined by z3 = .
21 + 29

1
For certain values of o and (3, it is found that z3 has modulus %
Using the fact that
¢l 4 ¢ = ietD)/2 (¢ila=P)/2 4 omila=P)/2),

or otherwise, find the possible values of a — f3.

(¢) (i) Use mathematical induction to show that x + 1 is a factor of 2™ 4 1 for all odd
positive integers n.

(ii) It is known that for some n, k, m € Z*, n = m x 2.

Use proof by contraposition to show that if n is not a power of 2, then m has an
odd factor larger than 1.

(iii) Deduce that if 2" + 1 is prime, then n is a power of 2.

The paper continues on the next page

~10—
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QUESTION FIFTEEN (15 marks) Start a new answer booklet.
1
(a) Let I, = / (1 — V)" dx for integers n > 0.
0
(i) Use integration by parts to show that I,, = %In_l for n > 1.
n
2

(n+1)(n+2)

(iii) By considering the partial fractions decomposition of I,,, or otherwise, deduce that

(ii) Hence show that I,, =

The question continues on the next page

—11-
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QUESTION FIFTEEN (Continued)

(b) Given that p and ¢ are constants, use integration by substitution to show that

dx = —+/¢®> + (p — x)? + ¢, where ¢ is a constant.

p—
V@©+(p—x)

(¢) The diagram below shows an object of mass 1kg being suspended from the ceiling by
two cables of equal length, which are attached to motors at the points A and B.

[ k \34 k >

, l

The motors at A and B both pull on their respective cables, creating a tension of T
newtons in each cable. The motors are designed such that the magnitude of the tension
in each cable is a constant T' newtons at all times. The distance between A and B is 2k
metres, and the ceiling is 2k metres above the ground.

Let the height of the object above the ground be x metres, the angle between each cable

and the ceiling be 6, and the magnitude of acceleration due to gravity be 10ms=2.

—10.

2T (2k — x)
VE? + (2k — x)?

(i) Show that & =

The object is initially at rest on the ground.

(i) Using part (b), or otherwise, show that (i)? = 4T <k\/5 — k2 + (2k — x)2> —20zx .

(iii) Show that if the object touches the ceiling, the minimum magnitude of the force

1++5

produced by each motor is 7" = 5¢ newtons, where ¢ = 7

(iv) When the value of T is such that the object just touches the ceiling, the maximum
velocity of the object is reached when it has travelled a fraction P of the distance
between the floor and the ceiling.

2/p—1
Given that p? — 1 = ¢, show that P = L .
2,/¢

The paper continues on the next page

—-12—
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QUESTION SIXTEEN (15 marks) Start a new answer booklet.

(a) (i) Let f(z) be a function that is differentiable on the domain z € [1,1].
Use integration by parts to show that

ol

6

/j f(sinz)dz =Z (3f(1) — f(3)) —ﬁ zcosxf'(sinx)de.

o
(ii) Hence find /2 SInE LS dx .

s \/sin x

6

(b) The AM-GM inequality states that for positive numbers x1, zg, ..., x,,

Ty + T+ -+ Ty
n

> Y/xi1x9---x,. Do not prove this.

(i) Show that if ay, as, ..., a, are positive numbers, and ki, ko, ..., k, are positive
integers, then

1
ks Qo bt ki (b ) B
kit ko 4+ Ky
i1) Given that the inequality in part (i) is also true when kq, ks, ..., k, are positive
(i) quality in p ;o k2, p

numbers, show that if a,b,¢ > 0 and a +b+ ¢ =1, then

a®ct + a’bec® + achi? < 1.

The question continues on the next page

~13-—
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QUESTION SIXTEEN (Continued)

¢) The diagram below shows the paraboloid x? + y? = kz for some constant k > 0, which
g p Yy
is the surface formed when the parabola z = %ﬁ is rotated about the z-axis.

A
!
I

The curve 1, shown by the dashed curve above, spirals around the paraboloid in an
anti-clockwise direction when viewed from above. The curve r,, shown by the dotted
curve above, spirals around the paraboloid in a clockwise direction.

The point P on the curve r; and the point () on the curve r, can be parametrised by
P (p cos p, psin p, %p2) and @ (q cos ¢, —qsin q, %qz) ,
where p and ¢ are non-negative parameters.

Let 1 be the tangent to r; at P and {5 be the tangent to 1, at () with equations

pCosSp —psinp + cosp qcosq —@sinq + cosq

Ly = | psinp | +A| pcosp—+sinp and (o= [ —¢qsing | +u | —gcosq —sing
1,2 2 1.2 2
5D iP K4 K4

The point R, is the nth point of intersection of the curves r; and r 5 above the zy-plane.
The points Ry and Ry are shown in the diagram above.

(i) Find, in terms of n, the value of the parameter p that corresponds to the point R,.

(ii) For all integers n > 1, R,R,11 L Ryy1Ruao.

(o) Find the exact value of k.
(B) Let 6, be the obtuse angle between the two tangents £; and {5 at R,.
On
Find lim tan(—).
n—00 2

END OF PAPER
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v= 404an(% - 4okt) /

(p) When t=%, w=o0

4an(1%—"0“) -0
T -leok =0 o
I
& - sV
= = 40’
/
b= 40l = 40°x 3= = ot/




(b) (i) e“®+ e = (0301 (sind + cos(-8)4 c3in(-6)

o . 08 evln,
= c0s8H osmﬂ‘/-t RE - l‘ﬂL&M—w)

= 920038

(ii) Since I‘Z«s! = E

P4
| .

(
Zz, 1.7_ \f; /

2 ‘2!42}!:.6— \/

e 1ef| = [3

s

4B [ ile-F)a  —ilx-ps ) -
€ (c + € ' 3

R AN I Y AW,

cos (F) = °2 i (p) = -5
= u/-.r‘.& :% => -:P :—1——
o<—- =";__ L 8 6 /
\ 2
«fpz-% Vbt




(t') (i) Bave core: FProve true N, n=1.
2"+l = x4

= 1 (x+1)
frue  for n=1
Saﬂome vlatement 3 true o some n=k.
ie. 2%+l = My(x41) whew MmeZ.  (x)
Prve  frue {or  n=le+
R1P: x“* 4+ is  divisible L:j 2+ |
el = xhoaxb o+ | _
from (#) ‘/

= qo’“(m(«w) -1) + |
= x*m(x+1) - x*+ |
= Mx*(x+41) - (z*-1)
= Mx*(x41) - (x+)(x-1) |
- (¢H_)(M«:"—(¢—/))

frue  for n=le+ 2.
salement s Hue PHr all ,pa;ih'w odol 1lengrs
ks maftemaheal induchon .

(ll) n: qu_l‘
Con#alposih've: I m  deer nel hawe an odd {acts. /

then n is a power _of 2.

Iareer fhan I’,

(£ m doesn? have an odd daclosr »1  Hen m
' of 2. - Lel m=2 jeg’

9 a 'power
n= 2'xgk ,
- " , \/a/lu'ck " a pawer ol 2.
65 fle cm#q\oosih'vei ! n > nel _a power of 2, fenm
m has an odd faelor lager dhan |.




(iiv) Again, consider _the con#qpm‘h'vc; \//
"I n is _sol a power of 2, flen 2"+ isnr/'prl'm(,".

From paﬁ (i:'); P n s not a power of 2, Then

n=mx2% whew m has an oddd faclor .
Led = Axb , where a s odd and az»/,

ard b > 1.

Then 2™ +1 = 2% 4+

- (2b)“ + |

Feom pard (), dhis is divsible by 2° + 1

. . . [
Since Q& s odd. /”5”) since B”’) 2 ti1,>2 |

oo (7_b>0i + 1= 2"+l /s not ’prl.me.

63 wn*l'rqlposiﬁ.m_ if 2741 s prime, Ten n (s
[ 4 ' 4
6 power of 2.




Rueshon 1S |
(0) T,=,J (-G)dr
()L (-52Y o =,f | » (1-fx)"dx
v'al  u= (I-&)"

Uax “Iih(l_E)" .‘-l'¢-7$

/

(el s i, 3] sty et

M=20 2
= n (, r;',i‘\lr—\"-’d \//
2 ,] Jx (1=lxz) o=
]
= & [ (G-g) ) (- Z Y e
= [4) f'/ f ., =N , IRV
Ty ) (&) (&) U
IA =“"£ (_IA —In_')
I"(Hi) = %in-l
T /l\'l'i\ _ on -
=~ a2 )] ~ *a-1
/
Lo n:l\i i"“ \/
(“) In' ﬂ'-:— I’\“
- n n-| s
nt N+ |\ n=%
- -
= T\:_" % ::! < n_?. vIn_s
n+t 9 nt+ | Ya_ e * S s




(l'ii) Led 2

A, &
(n+ l)(n“_) n+ | nia
2 = A('Hq.) + B('Hl)
n=-1: A-=19
n=-2: Ah=-1
o e 2/
(MD(’H‘L) n4 | naa
L o + I, + T, + T, I .=
_ - AA"
T 2 E) )4*(T nN ""'-\-“—"-3
1. |
< 7 since n » O \/

d Led
A

W= (F_'t)‘
du=-2(p- =) dx




AN N 5
4

4 :v“c'-l- (Zk“t)z

: le -

Jle? + (2l - x)?

Since  mazy = kg,

x = 9Tsin@ - IO

/

.Y
il ¥4 V4

Je* + (Ale- )t

(1i) ‘%‘ Lyr) - 371 (2l - 0) ‘o
Jet + (Al -) )
;'_ 2= 3 -x = m/
vyt = -4'TJI¢‘4 (2le -2)* -204 +c
When x=0 WwN=0: (= 41’_]?
= ¢Tlkls

v = 4T(kds -Jk*+ (zh-z)’)-wz

/4

e, () < 4T (kS5 -Jk*+ (2k-2)*) - 20=

Lii)) =f oL,ee-/ loucher The ceiling x>0 when x:=2k.

i-e. 41’(&.!"—\/3)-;0,‘7.1. 7 0

T?ﬂh—— x‘r;ﬂ—

4k({s-1) s+ 1

T S 10(§s +1)

e /
_ 5+
T > 5¢ , W ¢ = """+ ‘/




(v) Maximum vclooﬂj veacled wlen = = o,

Usingp T-= Sp:

J
10 ¢ (2e -)

=—10——=© /

\'4

Jie* 1 (2he-=)"

Y (2le —0e) = Jle® 4 (2k -=)?

i (2 -2 = e+ (2k-=)*

(Ll -2e)* (c'p" -1) = L*
(2le-2)* = l‘:
¢
. k? v/
¢
1 -2 = -5.—‘ sl'nce o< 1< e and k5o
— ?'kg- k
v
F mchlon of way bedween Ploos  anol ‘ej/'@ :
k (20 -1)
)
1l

N T T VA
20y

AHemaﬁvclj'- € = 11sp8 - 10

x =0, T=5¢9: 10gsing-10=0

Sinb = -'|P_ "
T 0 o iy
J_Je : N Pei1-55
(f\ ! \ " T l—';rq'h':’
\ r = (-4 vdand
\I, v - "L; Y‘—‘ﬁl‘—_-‘
= 1“'_"




Queshon 16

(a)

vel U= -S(sbuz)

(i) er K (sint) dx
L 1

v=z u'= {'(sine) coo

s [fpf(sin't)]z =

L
6

Z cost §'(sinx) dz /

T

G 36in%) - Ti6ing) -

Jj ivcwsac ' (sinz) de

-
6

‘“',
&

e/

< V

A
L2
.\\*

(i)  Fron () . J( ’ ('J(swn) 1 xepst ' Gine) )de = % (3‘3(‘) -6 ))
< C
%> . ‘a
L2sint = e _ (. x ot

et 80> = 1z S/

]
-4 A

$'(x) = 2°* = &
(‘“:9- 2 LN \ ["’; /
] (Lsine - Toing ) 0% gJ (Fsine) + xeosz j"(sinx))k

“%

6

(U"lw f(-:)= Qf;')

3 4 - (L))

n

C (
(3“7-“"—" QE),
(6-42)

c-P\ 3‘\’\ \A\




“’) () Consider the numbess:

a,,4,,4,,-,4, | 0,,4,,.. ,8, .. Q@ 04,. ., 4, /
le; ke e
Ayap/w'nm AM-gm - |
J J Tl
a,+a,4...4ai+a 4. ..
k.+l,3 .. 4 kn
Gle, + ok, 4. 4 ak, ———
ko4 legd ...+l Lo :

(“) Lef 4,-a, e, =2, P # ; e
at4 b4t !

a4 b4 c

Since atbie=1:

Led

at+bric? 3 a'btet (D V

ag=a; k'=tz‘ a"’b} kg:C’ aQ:C’- kﬁ:a:

ob + be 4 ac 7,—(055‘13)—«44:#
a+ b4c

Since atbtc = |:

/
ob4bc + ac 2 a®p°e® @ v
Let  a,-a, lk,-c 0, :b, b,=a, Q,=c &, b

ac 4 ab + b¢ :

’_@c_bﬂ_m ‘ib‘f
, -
Q-+ b'l C

Sine aqb1ce = 1I:

ac+opibc 2 a°b%c® (?;)

(D+@ ,,,@; R‘B.cc'l' abbccq 3 QCB“O" £

0%+ b+’ + 9 (abrOct bc)
= (a-l b'l'c)z V/

= | sinee Qdbic = |




(¢) (i) Salvmq imul1anepusly’

\uP \—'-‘

L and & coordiraia e%ua/ wien p=9 , bul _v[ coordinaled
will on’j be equal whtn P-4 and __coordiroles ove O.
i-e. lpsinp = 0 , S0 K 03 olenold b\f.j

R.;_ L.“J ‘7-Tr elc.

2. has. pacameter  p. \/

(i) (x) /n1f con(nT) ;lfcmlnf)\
K= (.n‘lf siala™) | = O
de 7. .r]'l-

\ k\'

VP aY ]
tn1)

~l-

(n4)) T con ((n-n)'r) -(n+Y) -n"cos(m\') \
Raei = o }

= (s
/ J

g VIt ‘ Lk ((W}I /
—— = (rt1) 1 cos(pT) — pTTco3(nT) ‘
0o

Sy Ty L (n)

/—(Zn-rl)'l‘\"cos(n‘tf) /

0 V4
\_ t 'Wz(‘lh-ll)
— /" (2¢nt 1)+ |)1\’cos((m NT)

\l

L R.R o
\ £t T2 (2tad +1)

/(Zn* %) T con (nT)
(v

\ L* (2n+ ) }




- /

o
Roalary * RosiRos, = = (3041) (2033) T2 con?(nr) + % (2n11)(2n+3)
[ 4 L4 d &
Since Rnfnii L

L[]
nd | n-lq :

- (7-\l)(1n\-f\'5) ®*cos* (n 1) * g‘t (1\““*\)(1\\}) = 0

As  cos’(nt) =1 T =
X Note : Award full mades k* = T
G papil use» ﬂ’ f—q R. =0 e = T ‘/(sinte &70)

(i-e. plc(dnq a 3pecr/‘|c n)
(i) (B) Lel dve_direstion _vector of b, be d,, oud 4, be d,

A" R,: [-aT sin(a ) + cas(n‘r)
d. = | areortar) « sin(ar)
v aw J
[ cos (aT)
- AT cos(nT) .

1 )

/—nTl'%in[n‘l\") 1 cos(aTr) \
4_' = -nT cos(aT) - sin(nT) \ ’
' Z= ¥ a7 j \\\/ Sllm,/.)”-ﬁ'Col
[eostaw) )  Jum of
= - nT cos(aT) / direchon vectors.
In J /
S S | 4
ld.Ix1d,]

o8 (nT) - n* T cos’(nT) + Gn"
(\/609(4\1") + r\“fzcos"(n‘\‘\") +4n* )’-
| - n* T4 & /

| 4+ a2+ 4n® )




[-+4an* %

Nele that cosx =
| + dan* 2
2
COSQ'\ - I +q'n1 = 11r1
| + 4p* + A>T
| T
= L4 4n°
! ntT?
) |+ Gn*
2 asr Ba - n*a?
? |4 &n?
"laﬁfg - nT since 0, is obluse so fan22 2 0.
? Jit4n ’
(4] ';:;-'-q_
_ ar
Jis +¢
im 4, ©On _
h=—oo 'V T
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