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Section 1

10 marks

Attempt Questions 1-10

Allow about 15 minutes for this section

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

1 If w=a—2ai, which of the following is equivalent to i*w?

A.

B
C.
D

—2a—ai
—a—2ai
2a—ai

—a+2ai

2 The sign on a door reads as follows: “If you are not permitted, you do not have access.”

Which of the following statements is logically equivalent to the one above?

A.

B
C.
D

If you do not have access, then you are not permitted.
If you have access, then you are permitted.
If you are not permitted, then you have access.

If you are permitted, then you have access.

x \3
3 Which of the following is equivalent to (\/E et ) ?

A.

B
C.
D

2+2i
2-2i
-2+ 2i
—2-2i

4 The acceleration of a body is given by a = 3v, where v is the velocity of the body. Which of
the following equations is correct given the velocity is 4 ms™' when the body is 2 m to the
right of the origin?

A.

B
C.
D

v=2x
v=4x-4
y=3x-2
yv=-=3x+10



5 Which of the following Argand diagrams represents the solution to the equation
Arg(z + i) = Arg(z— 1)?

A. B.

Im(z) Im(z)

1C

0O Re(z) U Re(z)
/ ) -1

Im(z) Im(z)

AN

1
—_
[u——y
A
ot

C Re(z) 0 Re(z)

6 Which expression is equal to J.x 1 +xdx?

2 2 :
A. §(1+x)2+§(1+x)2+c
5 3
B. —2(1+x)2—3(1+x)2+c
5 3
5 3
C. —%(1+x)2+§(1+x)2+(f
5 3

D. %(1 +x)5—§ (1+x)?2+C



7 The spiral below describes the position (x, y) of a particle for time 0 <t <T.

y

Which of the following describes the spiral?

A. X ==sint, y = %cost, T=4n

M|~

x =tsin(2¢), y = tcos(21), T =4n
C. x=tsint, y=tcost, T =2n

D. X ==sint, y = —écosz‘, T=4n

b |~

8 What is the perimeter of a regular »n-gon formed by the solutions of z" = 1, for n > 3?

2
A. 2ncos(—nJ
n

B. 2ncos(E]
n

C. 2nsin(2)
n
n(

D. 2nsi E]
n
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Which of the following is the negation of ¥x € R*, 3y € R" : xy=17?
A, 3x,yeER :xp=#l1

B. Vx,yER",xy#1

C. IxeR :VyeER", xy#1

D. VxeR",3yeR" :xp =l

On the diagram below, the point P represents the position of a unit mass that has been

-
projected horizontally from the top of a cliff. The air resistance is R, the gravitational force is
— —

—

G , the position of the mass is 7, and the velocity is v .

----------------- NOT TO SCALE

CLIFF

Which of the following is consistent with the motion of the particle at P?

— — — — — —

G-r G-v E? R-r

S [ e N e
5 R-v 3 G- 3 R-r g Gv
GENEENGEE NG
. 83 _&87 _EY _RE7
NN
b Rr Gv G-r R

LRGN N

End of Section I



Section I1

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

Answer each question in a SEPARATE writing booklet. Extra writing booklets are available.

In Questions 11 — 16, your responses should include relevant mathematical reasoning and/or
calculations.

Question 11 (14 marks) Use a SEPARATE writing booklet

(a) Letz,=-3-2i,z,=2-i,and z, = i(z] —2_2) Calculate |z,].

(b) Sketch the region of the Argand diagram described by iz — iz >4.

4 -2
(c) Consider the line r = (_3) + ?{ P ]
(i)  Show that the point (0, 7) lies on r.
(i)  Show that the line through the points 4(3, 2) and B(8, 4) is perpendicular to r.

(d) Ttis given that 2 + 37 is a zero of P(z) = z*—2z° + 5z + 26. Solve P(z) = 0.

(e) Consider the following statement: forx € R, x>~ x>0 = x <0.
(1)  Show that the statement is false.
(i1) State the converse of the statement.

(ii1)) Determine whether the converse is true.

End of Question 11



Question 12 (15 marks) Use a SEPARATE writing booklet

(a)

(b)

(c)

(d)

(e)

Consider the complex number z =1 + \/E i
(i)  Write z in mod-arg form.
(ii) Evaluate z°.

(ii1) Find all values of n for which z" is purely real.

Consider the points A(1, 0, 1) and B(0, 2, 2). Find the projection of /E?. onto the
xy-plane.

1
+
Use partial fractions to show that _xr7 dx=-5In2.
o X—2)x+1)

2 2
Consider the line r=|-1[+2| 5
3 -1

(i)  Find the Cartesian equation of the line / that passes through the point (-2, 1, 4)
and is parallel to r.

(1i1)) Determine where the line / meets the xz-plane.

The motion of a section of a particular roller coaster track can be modelled by simple
harmonic motion. The force acting on the roller coaster is given by /= —kx, where

k € R, and x(7) is the displacement of the roller coaster from the centre of motion at
time ¢.

k
(i) Show that x = Acos[ ‘/% t ] satisfies /' = —kx, where m is the mass of the roller
coaster and A4 is the amplitude of the motion.

1 1
(i1)) The mechanical energy of the roller coaster is given by M (¢) = 3 mv? + 3 kx?,

where v is the velocity of the rollercoaster at time 7. Show that M(?) is proportional
to A°.

(iii) Show that the maximum velocity of the roller coasteris v,,,, = —4 |—.
m

End of Question 12



Question 13 (16 marks) Use a SEPARATE writing booklet

(a)

(b)

(c)

(d)

(e)

Find the value of & such that the points (-2, &, 3), (1, -1, 3), and (3, 5, 3) are
collinear.

Letz=x+iy,z, =6+ 2i,and z, = 2 + 2i, where x, y € R.

z—z,

Find with a real denominator.

Z;
Sketch the following on separate Argand diagrams.

1 |z—-1=4

(i) —g <arg(z + i) s%

Consider the spheres S, and S,.

S ixP-2x+yP+4y+22—4z=0
S, x2+10x+y*+224+2z+10=0

Show that S, and S, intersect at a point.

Letzzzl+iand,forn>2,1etzn=znI[]+ 1 )
Zn—l

Use mathematical induction to prove that |z,| = \/; for all integers n = 2.

End of Question 13



Question 14 (16 marks) Use a SEPARATE writing booklet

(a) Prove a®+ b*>ab(a+b)fora, b € R, a+bh. 2
1
2 4x-3

(b) Evaluate J . 4
o dx*—4x+5

(c) A pulley system has been set up using a 60 kg counterweight to move a 50 kg box of
tiles up on a roof. The roof is sloped at 30° to the horizontal on both sides and the safety
stop ensures the box is pulled exactly 3 metres up the roof.

Both masses are initially at rest and the acceleration due to gravity is 10 ms™. Air

resistance is negligible but the frictional force opposing the direction of each mass is

equal to half the normal force for each box, respectively.

(1)  Determine whether the pulley system will work as intended. 3

(i) Find the maximum weight of the box that can be pulled using this system. 2

(d) The complex number z lies on the unit circle with Arg(z) = 6.

l+Z=1'<:0‘[Q 2
-z 2)

(1)) Hence, or otherwise, solve (

(1)  Show that

8
— = 1, where w is a complex number. 3
w+ 1

End of Question 14



Question 15 (15 marks) Use a SEPARATE writing booklet

1 1
#———, where p #24.
p—2q p 2¢q

(a) For p,g € R", explain why

(b) Consider the complex number z = cosf/ + isind.
(i)  Expand and simplify (z>— 1)(z® + 2* + 1).

(i1)) Show that

H+23+1= (zz—chos(z—;) + l)(zz—chos{i;) + l](z2—22005(%] + 1].

(ii1)) Hence, show that

2cos(30) + 1= 8(0059—cos[%]][cos@—cos(%n]](cosb’—cos(%n.

(c) Double factorials are defined as follows:
n!l=n(n—-2)(n—4)...6 x 4 x 2, where n is an even positive integer
eg 101I=10x8x6x4x2
n!l'=n(n—-2)(n—4)...5 x 3 x 1, where n is an odd positive integer
eg 11M=11x9xT7x5%x3x]

(i)  Show that (2k)!! = k!2* for even integers n = 2k .

. 2k + 1) )
(i1)) Hence, prove that (2k + 1)!! = T for odd integers n =2k + 1.
E
: 2, (Zn)!m
(ii1)) Hence, or otherwise, prove that cos™(x) dx = ——— .
0 2°0 1 N(n!)

End of Question 15

—-10 -



Question 16 (14 marks) Use a SEPARATE writing booklet

(a) A unit mass is projected vertically upwards with an initial speed of S ms™! in a resisting
medium that exerts a force of kv opposing the direction of motion, where & is a positive
constant and the acceleration due to gravity is g ms—2. 5

Find an expression for the velocity, v(f), independent of S, given that the mass reaches

maximum height after 7 seconds.

(b) A regular triangular pyramid of side length 1, OABC, is shown below. M and N divide
the sides 4B and BC in the ratio x:1—x, respectively. Let 04 =a, OB =b, OC =c.

C

2

+ ¥ —
(1) Let f(x)= u, where 0 <x < 1. Prove that 1 <f(x) Sé. 3
' l—x+x? 3
(11) Showthatg-g=g-g=£-g=%. 1
—
(iii) Show that |ON |=vx> x+1. 2
(iv) Determine the range of values of ZM ON. 3

End of Question 16
End of Paper

-11 -
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Section 1

1 marks /AX%)LXL\E)Q\A)DV,’%J

Attempt Questions 1-10

Allow about 15 minutes for this section

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

1 If w=a—2ai, which of the following is equivalent to i*w?

A, —2a-ai W = & ~ D eas
B —a—2ai
C. 2a—ai L/é w - ~=
D —a+2ai

- —al -2l

2 The sign on a door reads as follows: “If you are not permitted, you do not have access.”

Which of the following statements is logically equivalent to the one above?

A. Ifyou do not have access, then you are not permitted.
If you have access, then you are permitted.

B
C. Ifyou are not permitted, then you have access.
D

If you are permitted, then you have access. @ ) ):Tv CG\/\QTU\ Q’Z@JWN -

x \3
3 Which of the following is equivalent to (\ﬁ et ) ?

. =.\? /5/‘\’,
A. 2+2l (E Qﬂ_vs -~ 2@ e =
B. 2-2i - ‘ Sz)
C.  —2+2i 203 (s ZFFiomz
. .
_7_ 1 —_
= — 2 y 2L



The acceleration of a body is given by a = 3v, where v is the velocity of the body. Which of
the following equations is correct given the velocity is 4 ms™' when the body is 2 m to the
right of the origin?

A. v=2x &;g\/

B. v=4x-4 Véﬁ 2y

C. v=3x-2 d?b

D v=-3x+10

j \ Ol\/ ,;_Sg d-ce

v = d=x xC
A— Iz +C
C— — <&

Which of the following Argand diagrams represents the solution to the equation

Arg(z +i)= Arg(z—1)? aﬂ\ﬂ]{ 4, 2 ‘R‘o—(‘ﬂ (O}-—]) and Jom (I}())

A. s 4l game B.
Im(z) - B Im(z)
1(
-1 1
O Re(z) O Re(z)
/ > -1
C D.
Im(z) Im(z)

[a—

10
- /
RC(Z) ) Re(z)




S)c\ﬁsr/x dx w = [49c

6 Which expression is equal to J.x 1 +xdx? x=n- |
1§ (v-)u du A - |

A. %(1+x)5+%(1 e

3 \
5 3 :j(/\l'_U\LJU\
5

2 5 2 7

B. —Z(+xP-=(1+x)*+ s
sz drTre —2uz _Zut ¢
5 5, 3 S 3

C. —§(1+x)2+§(1+x)2+C

5 3
D. %(1 +x)2—§(1 +x)?+C

7 The spiral below describes the position (x, 1) of a particle for time 0 <t <T.

y

Which of the following describes the spiral? Tes]( pOM'J S-

A. x:ésint,y:%COSf»T:‘“‘ ;f—) 0\ 07\]3 \»m‘d‘% QH A

B. x =tsin(2¢), y = tcos(21), T = 4n
C. x=tsint,y=tcost, T =2n L A
D.

! . t
X ==sint, y= ——cost, I =4xn
P



8 What is the perimeter of a regular n-gon formed by the solutions of z" = 1, for n = 3?
2n ) -
A. 2ncos(7) be)d—ww/n r‘oﬂ/g T]-R =

B.  2ncos g] gé%e lé’%ﬂ” - \2 \

2,?
z i Lz \ N
C 2nsin(%) _ \e,b; €L? B 6’ A
. =
D 2nsin(E) - \ A \Z%Vm 4 \
n -

9 Which of the following is the negation of Yx € R", 3y € R" :xp=1?
A. Ix,yER :xy#1
B. Vx,yER ,xy#l
C. IxeR :VyeR", xy#1
D VxER",IyeR" :xy#1

negohn Swage \/ ond o

.)37&61& sk vﬁ @ 15#\

10  On the diagram below, the point P represents the position of a unit mass that has been

pI‘OJ jected horizontally from the top of a cliff. The air resmtance is R the gravitational force is
—
G the position of the mass is 7, and the velocity is v



................. NOT TO SCALE

CLIFF

Which of the following is consistent with the motion of the particle at P?

— — — — — —» — —

G-r G-v R-v R-r

S T A T N T R
5 Ry < G- . R g G- v
N NG
. Gv _G7 _FY _R7
NG NG RN
N R+ G G-r R~

< < <
Il 61T el [RIV]

R

,-}
¢ RW?:%X;f

ﬁowuﬁ::wsﬁ
0 °2@F:%5
\&j \'Naqaw/w
[%<o<46<x
SO 4%64%%4@@%

B End of Section I



Section I1

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

Answer each question in a SEPARATE writing booklet. Extra writing booklets are available.

In Questions 11 — 16, your responses should include relevant mathematical reasoning and/or
calculations.

Question 11 (14 marks) Use a SEPARATE writing booklet

(a) Letz,=-3-2i,z,=2-i,and z, = i(z] —2_2) Calculate |z,]. 3

2, = (320D | o g o) | e B s,
- _Si. +3 = |=-2, | el B 2

. | Foc sub 5
1251 =( 25 +9 B secagrivig 5
—,(%(_Zr// \ - '?sle Lo for (23\

(b)  Sketch the region of the Argand diagram described by iz — iz >4, 2

L2 -tz >4 of 2=y, BYER
C,Ci"‘"\ *'x«+13>4‘
3 )
C(Reg) >4
~1374
G2 | malle e ormreet dliedy

4-\ im(?)

Ry ek for gmed

T N froh,nc. dikes
////AV//// lone.

g




(c) Consider the line r = (i) + ?{_52].
(i)  Show that the point (0, 7) lies on r. 1
5 =) A\2)
O~ L)
=2 *CDX M >\‘:2
o= 9A huice
A= 2 came /\ Q’O\W} S o (U\Q_,

(i)  Show that the line through the points A4(3, 2) and B(8, 4) is perpendicular to r. 2

Awﬁﬁmw At -

d) Itis given that 2 + 3i is a zero of P(z) = z*— 22> + 5z + 26. Solve P(z) = 0. 2
g

ol wﬂhM% S22 Yy e o | o

colic, . thid red w cead lob d ke O
cnn K 1oy (L+%‘D+(2 2) 40t = 2
drR=2

A= -2 | el Cor
Vo2 = 2 7—3:,j -2 W el

o
—_8—



(e) Consider the following statement: forx € R, x*—x >0 = x <0.

(1)  Show that the statement is false. 1

WW ¥ =2 ['yesfh o
(i)  State the converse of the statement. 1
br xR 2<0 = 37-2>0 | mosle
(dw\# wed 7@42}
(ii1)) Determine whether the converse is true. 2
2% = 2 (x— l>
bl of {lase Sockorn, ave
2?3 >0 ﬁxﬁrs anfor

End of Question 11

Question 12 (15 marks) Use a SEPARATE writing booklet

(a) Consider the complex number z =1 + \/E i.

(1)  Write z in mod-arg form. 1
= JITHE 42 \

=2 [ maste Cov
2‘-2(@5%*(,51%%5 WW)

(ii) Evaluate z°.

26~ 2° (s (’%‘ + % %)



(ii1) Find all values of n for which z" is purely real.

(b) Consider the points A(1, 0, 1) and B(0, 2, 2). Find the projection of AB onto the
xy-plane. 2

(02,2
(:012////;? ’ | morde for A@g:(g:>
C/}o,) (o, o S
W " Wﬂ degar

0 _ | male for (’1
) ’03 C B (Sl madds Foc vcz{m“
\Mﬂ” Q/UHM {A/{)YMW>

1
x+7

) G=2)E T D)

L
G xXx-2 F | L
= [30 [x—2] jézwwl] '0 m%

“2’1\'”21/\?—/3 Y\/Z‘)’ZIV\ IMVQW\

= -SKh2 %W MM@M

—-10 -

(¢) Use partial fractions to show that dx=-5In2. 3




2 2
(d)  Consider the line r = [—1] + k[ 5 ]
3 -1

(1)  Find the Cartesian equation of the line / that passes through the point (-2, 1, 4)
and is parallel to r. 2

> :’,Z J“\z /M(M?{,«W/ﬂf
Q:(Q—(j"B‘Z W>
> 5 | masle (a%ﬁ(
Z2—F for RIS

—
or cquinihot

(i1)) Determine where the line / meets the xz-plane.

%%-W Wlare 2 O

oo 0= [ 54
\= ~¢ | M@VA
5)- m S

I

x%/‘o@m&
Zl%) 0, ?—s—‘B L@;Vj}wim

U\)BQ v\\p N -

-11 -



(e) The motion of a section of a particular roller coaster track can be modelled by simple
harmonic motion. The force acting on the roller coaster is given by F = —kx, where
k € R, and x(?) is the displacement of the roller coaster from the centre of motion at

time ¢.

k
(1) Show that x = Acos{ \/; t ] satisfies F' = —kx, where m is the mass of the roller

coaster and A4 is the amplitude of the motion. 1
oz = — ’ ke A en ‘ le -&3
m wm
Z:-_&Am(\jz-éB ]mou‘qx.QO"‘f‘
" ” d\m\mﬁ
=~ M oz ard F=r13¢
= —leh e ( (1)
M
= - Z»r. p&
(i1)) The mechanical energy of the roller coaster is given by M (¢) = 5 mv? + 3 kx<,

where v is the velocity of the rollercoaster at time 7. Show that M(?) is proportional
to A°. 1

_ z [ -

/\/\({] — 7’W\\/ -+ = ko
I
=;m [ 4 L_
— sm (( ‘63
- 3
kA 2. l ma/le Q(W
(ii1)) Show that the maximum velocity of the roller coaster is v,,,, = —4 \/; ) 1

Voo Yhen  sine o mugiomm 6|
=& A« | ol for

B W\
Ak
m -

End of Question 12

Vinetx

()

—-12 -



Question 13 (16 marks) Use a SEPARATE writing booklet

(a) Find the value of & such that the points (-2, £, 3), (1, -1, 3), and (3, 5, 3) are
collinear. 3

¢ (5 G) ()
Alive hen p-2=p (4-2)
foe stme Pelr

[ 2
q..k) N
3—-3

e
/—\
RO

h> [ ek $or
-3

(b) Letz=x+iy,z;,=6+2i and z, =2 + 2i, where x, y € R.

z—z
Find ! with a real denominator. 2
z—z,
Z-2 _ iy —6-2C
22— &5 X+l~j — 22

S T S
(-2 +(7—Z> N (7?_._7,) - (U—Z)C
= (x.—-6)(¢ 2) + (l—?-)l N 1(3 '7’3 (72"2’1+6> | ol foe

(== +(y—2)" dond]
e

= (e-6Yx-2D + (t\f’z‘y— L X 3—2«31« [ el G-
G2 H G2 %,&M ropnlf

- 13 -



(c) Sketch the following on separate Argand diagrams.

() |z—1]=4 2
trde @red ok (1,0) lmjr% 4 | ol @
(;z,n”hﬁl:\é M i el
s wrs il s e
=35 WA/W\? or (bt

| ol B £l
ek ukdh

(y - Mf»&\
W

hawe @k grl

X1
mW(/mm \ W\

/\T“ |tk S

\
§
iaé
R




(d) Consider the spheres S, and S..

S, ixP-2x+ 2 +4y+z2-4z=0
S, x2+10x+y> +22+22+10=0
Show that S, and S, intersect at a point.
S, 2 2241 1) +4j*441—4’z+4 | +4 o4
6"0 +(j+2) +(2~—2) =9 C(l 22>(\ 2
50 2 HOx 425 428 4224l =254 - E

(+s)" o +(2 +1) (L ¢ (- wﬂng M W

Jersyr (-2 40y (2 41) :H}T | ww/l«.\fon
=7 P’”ﬁ%
= sum of Qedun radyf

 effhenss nndl hergecf. of e M ]WA Lo

MW

(¢) Letz,=1+iand,forn>2,letz, =z, I[1+ )
Zpa

Use mathematical induction to prove that |z,| = \/; for all integers n > 2
@ () Mrve M ol N= 2
LNS= [z, |
= I ,+ C l
S

= RHS M%MW | wmale

- 15 -



Pt dea Foe Nzl

e prov< {?h+| :\[’”Fl
LHS = /zz}kﬂ(
1+ B

\?),,\ \

= \¥|¢,\\(

N

\r
\Sk_’*(
=

1

o T l1ined]

@ oo 2l=0n @v'wﬂﬁ% 22 by

End of Question 13
Question 14 (16 marks) Use a SEPARATE writing booklet

(a) Prove a®+ b*>ab(a+b) fora, b € R, a+h.

434})‘670&5(0&63 /0‘)19 é/R+

Pro% 0>+’ ~a*h —ab® > o

a 0\2(0\—&3} ’526“55570

v (a=h) (0\2’613 >0

. la=BY (arb)70

whida 2 d\\/waﬂg due o5 m,bé”Z—J' /aib

=2 (2a-h)’ 20 and atb >O

&’ Dallarh)

16 —

s o] sl

| mast o
MJ?M

| by assunglion  aedfor

2

| e for

%M

2

[ madle o

progress @&Joﬁswj

Cobes oF

w@%()o\r‘

sy cases )

| maske o

cnle prc

6iry comchlions



1

2 4y
(b) Evaluatej 23 !
o dx"—4x+5

3 ﬁ’i Ax
o A — 4245

|
Sl Ao — > O{DZ,
6)

2t
:_L Ji 45 =3 . Ob(/ I YYVIAAL \EW‘
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(c) A pulley system has been set up using a 60 kg counterweight to move a 50 kg box of
tiles up on a roof. The roof is sloped at 30° to the horizontal on both sides and the safety
stop ensures the box is pulled exactly 3 metres up the roof.

Both masses are initially at rest and the acceleration due to gravity is 10 ms™. Air
resistance is negligible but the frictional force opposing the direction of each mass is
equal to half the normal force for each box, respectively.

(i)  Determine whether the pulley system will work as intended. 3
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(1i1)) Find the maximum weight of the box that can be pulled using this system. 2

e 70 Lol e oues 6T oy Lo ey
300 - 19033 — b — SBEx= 20
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2 M= F%VM WM/;

= o —2%or3 evdinng,
=4 3207%- -- le.j /W%LQ‘L>

(d) The complex number z lies on the unit circle with Arg(z) = 6.

+
(i)  Show that —= = jcot| 2. 2
1-z 2
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8
.. : w— .
(i1)) Hence, or otherwise, solve ( J = 1, where w is a complex number. 3

w+ 1
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End of Question 14
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Question 15 (15 marks) Use a SEPARATE writing booklet

1 1
#———, where p #24. 3

p—2q p 2¢q

(a) For p,g € R", explain why

A%ww& ,_\__: — ,7_ | o o
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whith i ingreable oy p)q 20 reaching past
RN <O ad HE70 4w o«w(mofw&na
also | LHS 0 as 29 #p
W have & conbudighn [ mash $or
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Sl 1
P24, 7 P 29 O
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(b) Consider the complex number z = cosf + isiné.

(i)  Expand and simplify (z> — 1)(z° + 2* + 1). 1
4 6§ _3__6 3 \ — 1
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(i) Show that

2423+ 1= [z 22cos[29 ) + l)(z 2zcos[49 ) + l](z2—22cos[%{] + 1]. 3
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(ii1) Hence, show that

2cos(30) + 1 = 8(0059—cos[%}]{cos@—cos(%n]](cosﬁ—cos[%]]. 2
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(c) Double factorials are defined as follows:

n!l=n(n—2)(n—4)...6 x 4 x 2 where n is an even positive integer

eg 1011=10x8x6x4x2

n!l=n(n—-2)(n—4)..5 x 3 x 1, where n is an odd positive integer
eg 11=11x9x7x5x3x]

(i)  Show that (2k)!! = k!2* for even integers n = 2k

(20! = k)2 -2)(2k-4) .. 2
= 2xk 2 20k D% 2(k—=2) « . x2 %]
:Zka&o oy Hare. ane L Vlbr‘ryv)

2k + 1)!
(i1)) Hence, prove that (2k + 1)!! = ( PILY )
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for odd integers n =2k + 1.

(2krD 1l = (2D (2l =] ) (2k-3) . .|
X’&\Dg (2erD)! ¢ ! 25 = (@) (2L (D))~ - St a32 2+
CZLH)“ x HZL: (2{&13{ 'I\M
oD = (214! ’wﬂc @*Mﬁyﬂ)

k! 2™
L
. z 2m)'n
(ii1)) Hence, or otherwise, prove that cos”(x) dx = ——F—. 3
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End of Question 15
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Question 16 (14 marks) Use a SEPARATE writing booklet

(a) A unit mass is projected vertically upwards with an initial speed of S ms™! in a resisting
medium that exerts a force of kv opposing the direction of motion, where & is a positive
constant and the acceleration due to gravity is g ms—2. 5

Find an expression for the velocity, v(¢), independent of S, given that the mass reaches
maximum height after 7 se::i}a SO { \/(\'7\,0“‘\ MSM S ‘
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(b) A regular triangular pyramid of side length 1, OABC, is shown below. M and N divide
the sides 4B and BC in the ratio x:1 —x, respectively. Let 04 =a, OB =b, OC =c.

C

. . +x-
(1) Let f(x) =l—x, where 0 <x < 1. Prove that 1 <f(x) Sé. 3
' l—x+x? 3
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Caledus &x); |re—z*
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(i1) Showthata-b—b-c—c-a—é.
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(iiiy Show that [ON | =y —x+ 1. /a(c{p‘z equivalut vee of iy
@:Eﬂnz(yg} accefl cowie
ST
= ((lf)f_)é JrIAC/)CC")C.}é +76/§/) ol
= (=) heb Z=(-x) b ¢ + 27 ¢
b = hdy
Vel T P al s ) sl i
- = |25+t =%t ¥ WM

= x> —x + | {rwa/lk\ﬁn"
PRI TVA Ny ey ()
b

(iv) Determine the range of values of ZM ON . 3
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End of Question 16
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