Glen Waverley Secondary College
2016 Semester 1 Technology Access Exam

UNIT 1 Specialist Mathematics

Teachers:

Please circle

Instructions:

Reading Time: 10 min Multiple Choice 40 marks
Writing Time: 120 min Short Answer 60marks
Total Marks: 100 marks

This examination consists of 20 multiple choice questions and 12 short answer/extended
response questions. All multiple choice questions should be answered on the table
provided at the end this section (top of page 8). For each short answer/extended response
question correct working must be shown to gain full marks.

A CAS calculator, a scientific calculator and a bound reference are allowed.

A formula sheet is provided.

Marks are allocated for working as well as answers.




Question 1

The angle of depression from the top of a
building to the ground at a point 100 m away
is 27°. The height of the building, to the
nearest metre, is:

45

51
50
100
196

m o o(®»

Question 2

The area of a sector of a circle of radius 6 cm is
50 cm?. The length of the arc of the sector, in
cm, is:
a 28
3
@
J 3
c. 300
D. 150
E.

100
3

~ > >
1]

Question 3

The value of d in the diagram, correctto 1
decimal place, is:
A 54

B. 9

C. 4.6
D.
€)

4.5

cosie rule

/)

11.9
Question 4

A cylindrical tank is 3 m high with a diameter
of 2 m. A measuring stick is placed through a
hole in the centre of the top and reaches the
edge of the base as shown. What is the
minimum length of the stick required so it
does not fall into the tank?

B. 2 m
C. 2m
D. 3m
E. 7 m

3m




Question 5

The exact area of the triangle shown is:

Herop s Formula. 5

The length of the side AC in the diagram
shown can be calculated using the
relationship:

A 125 5
CAS
B. 1246 Cal=
C. 62 )
D. <105
(&) o5
Question 6
B

/> 30sin57°
A.
( sin75°
A 48°
10sin48° 75°
B. —— C
sin75° X
¢ 10sin75’ X L
- — .
sin48 sin&t Sin 15
5, 10sin75° R st’
sin57° xX = )
grinF3™
10sin57°
sin48°
Question 7

The 10 term of an arithmetic sequence is 48
and the 20" term is 98. The first term and
common difference are, respectively:

A. 6and$S
B. 4.8and9.8
€. Sand3
D.)3and5

E. 5ands6

%n.—.c:u(n—;)a‘
'é;;o: a“'f'qd :4&
to = G+ 194 = 98

4

Sp/,/f, for & an




Question 8

2x -1 . . N
expressed in partial fractions is:

CAS
z,xfomd( /Mr}f&v/ fMﬁ‘on.

Question 9

A car is accelerating such that in the 1st

second it travels 2.0 metres, in the 2nd second 'éb = "fr' =

it travels 3.5 metres, in the 3rd second it - : ¢ {

travels 5.0 metres, and so on for a total of 15 an 3.5?11 Qm

seconds. The total distance travelled by the ¢ '

caris: 0= _j

A 630m Ad=15

B. 93.75m S > [L/ + (/S_‘/)/‘Sj
(@187.5m s 2

D. 375m = [g}_g"

E. 315m

Question 10

The terms {x - 2y, 3x — 4y, 4x - 7y, . . .} form
an arithmetic sequence. An expression for y in

terms of x is:

Gx-uy) - (x-2y) = (yx-1y)-
2x-2y =x-3Y

J=-=

/BJL-QJ)




Question 11

Paptlyep+2y p+3 ne 7 inits simplest form " i 0dd ﬂah
is:
- o €rn odd - L@ty

A 1 odd -+ 9 + 1 + 1 S S
B. -1 . -

- =1 -1 -1-1

D. i = O

E. - )7[ nois even Hen rsultalso 0
Question 12
The complex number z shown in the diagramis Im{z)

best represented by: ] 4

z 4
A. 5 cis (0.93) dznd = 3
5 cis (126.87) & dﬁﬂm’fS ta [i}L‘

CJ5cis(221) 4— radiph Re@‘?k = tan
D. 25 cis (126.87) >

E. 25 cis (2.21) B=n-4£

Question 13

If |z]| = 2, then |~| is equal to: .

= 1t01
| P2 =2 .
A. E ‘L, _ _L!W_ )( "—'-_'2—
% 2101 2-01
g ~1 ,
2 = 2-07
4
C 5 = ,LZ 1 ) o
1 ‘ zZ|" 2
D. “5 lF 2 = 0‘[‘2" Z
A -4
E 2 > "2
Question 14

The equation 22— 2z—3 + 4i = 0 is best
described as having:

two rational solutions
two real solutions
two complex solutions

one complex solution

meo o w»

one real solution




Question 15

If (x + iy)>= —32i for real values of x and y, then:
A x=4,y=4
B, x=—4,y=4
C x=4,y=-4

@(=4,y=—4orx=—4,y=4

E. x=4,y=4orx=-4,y=—4

and
Zf;:ﬁ%)”: x2+;x(7i_. 37’:'321
(x'ry?) =0
,;)pc:) =37 .

(:vg)(aﬁj):o
X - jzfo

<y

xH = "3

AXY =33
xg =16

Question 16

Ience Y#X

The polar coordinates of point A are:

el
l

Question 17

Suppose a and b are both positive. Then the
ellipse with equation
N ——

¥ —2)2 a2
SIS

a

will have two y-intercepts provided:
P W, WY

A a>4

B. a>~/§

@ a>2

D. b>3

E. b>\/§

e (2,3

— T ke X

~

At




Question 18

The equation of the locus of the points P{x, y)
that satisfy PA = PB given points A(C, 7) and
B(7, 0) is:

A x=7

y

B 2+Y=1
777

(eAh=x
D.y=—x-7

E y=x+7

vl
(o, % 4)

(0 B

Question 19

The circle with centre C(2, —3) and radius 3 can
e g . .
be parameterised by the equations

(@x=2+3cos tandy=—-3+3sint

Omf(’.-
(x_,})l+ (y 2) = 9 ((os)f + Si
(x-2)*= q cos™t

D. al ,wherelisthe 3x3identity matrix.

(@ a’i , where | is the 3 x 3 identity matrix.

B. x==2+3costandy=3+3sint
C. x=—-2+9costandy=3+9sint (1—9) = 3 dost H-’f}fSQﬁ'}‘
D. x=2+9costand y=-3+9sint L= Gt 3-:3;\%‘\:
E. x=2+ \/gcostandy=—3+ V3sint
Question 20
a 00
If A=|0 0 a|,thenA%is: uge CAS
0 a 0
a® 0 0[7'* 0 0
2 g2 1 2
A |0 0 M=lparo| = AT
1 0 0
B. d’l0 0 1
c 1 0
a 0 0
C. 0 0 a
0 a 0

S




Multiple Choice Answer Table
1 2 3 4 5 6 7 8 10
bl Bl E|A|]E|A|D|C|C| B
11 12 13 14 15 16 17 18 19 20
c/pC|c|D| E|lCc|C|A|E
/

SHORT ANSWER/EXTENDED RESPONSE QUESTIONS

Question 1
Town B is 80 km due north of Town A and 59 km from Town C.

Town Ais 31 km from Town C. What is the true bearing, to the nearest
degree, of Town C from Town B?
"

S9% 480 -31"
2 (59)(%0)

anng 180" 1917 = 16017 A
o) °1 @

~19.1°

Cos b =

Question 2

80 km

>

3

59 km

31 km

{2 marks)

A circle {centre O ) in which a quadrilateral is located has a radius of 6 cm and the tangents drawn

from an external point E touch the circle at A and at B. The angle between the tangents is 40° .
Determine the area of the following quadrilateral AOBC in the following diagram, expressing your

answer correct to 2 decimal places.

@H

A ABDL + A AOC ¢

roBe
= 3 x@- X éxé,u:nuoj®
= 3383 cm"@m

4 marks)




Question 3
In a triangle ABC, AB=8 cm, AC=7 cm ZABC=0.5 radians and ZACB=x radians.

a) Sketch a diagram to show this information.
A
on }é [
gom Fom @) eng
A N
6 z (D" sides
B C
b) Use the sine rule to find the value of sin(x), giving your answer to 3 decimal places.

sin0.s°  sinX
_c
85!”0‘5 o~ 0‘$—qg« @A—

Fa S

Sin X 7
c) Find the two possible values of x, correct to 2 decimal places.
sip x = 85MOST A
7 ¢
A = 0.}‘8’6 or 774 A = Q._S_l
t “ M {2 +2 +2 =6 marks)
Question 4 @ @

The diagram shows a plan of a patio. The patio PQRS is in the shape of a sector of a circle with
centre Q and radius 6 m.

The length of the straight line PR is 6\/5 m.
a) Find the exact size of the angle PQR in radians.

2z z P o
ZF@R':[Oﬁv' (é + 4 -[gﬁ) = 120

; 2% bxrb P
o T @&

b) Show that the area of the patio PQRS is 12z m?°.

[
No 4 Artas = j;'jf”@ 21
W = i(éxé)( 3
= 360 _ o om¥ 04
3
c) Find the exact area of the triangle PQR
Ara = ixéxé}( Sin 3 M
Mo Tt @,

\ ©
=
i
1
)
>

N W

= ﬁ'ﬁ m @f* (2 +1 +2 =5 marks)



Question 5

In a recurrence relation,
t =t +2t ,wheret =2 andt,=3.

a) State the first 4 terms of the sequence.

f3 5"'(2-12):? JZD—,S/_‘}L),S]
{q I}—r(u;):B @

b) Is the sequence an arithmetic sequence? Justify your answer.
ND» T}\M”C 5 no Common %ﬁren&«-
3= #F]-3F#13-F.

1!

i

(2 + 1 =3 marks)

Question 6

The number of rabbits on a remote island was causing concern. A team of scientists were sent to
investigate the problem. One week after their arrival they estimated the rabbit population to be

360,000. ;
fenwe Q=360 060
a) If the rabbit population on the island increases at a constant rate of 12,000 rabbits per week,

[

i.  how many rabbits will be on the island 4 weeks after the scientists arrive?

b, = 360,000 + (3x12000)
= 396 000 04

ii. write down a rule for the number of rabbits on the island n weeks after the arrival of
the scientists -
Ly = 360000 + (n-1))2000 o
= 3Yg,000 t 120007

ili.  how many weeks after their arrival would it take for this rabbit population to grow to
600,0007?

348000 + 12000 n = boo 000 O

251000

= 00D

x 3 ks @A

(1+1+2=4 marks)

10



b) On a nearby island another team of scientist introduced a viral infection into its rabhit
population in an attempt to limit rising numbers. The scientists kept a record of the number of
rabbits killed each week by the virus with the following resuits for the first 3 weeks.

Week number Number of rabhits
killed by virus
1 512
2 768
3 1152

The scientists found that the number of rabbits killed each week by the virus followed a geometric

sequence.
i.  Show that the common ratio, r for the sequence is 1.5
P i

F6& 75T .
=2 =5 e A
$ia F6& d,

Both, must b shown 5&% %nl/ marie !

it.  Use an appropriate sequences and series formula to calculate the number of rabbits which

die from the virus in week 6.
b= ar (n1)
b= s12:G5)

= 388¢ M*

iii.  Use appropriate sequences and series formuia to calculate the total number of rabbits which
die from the virus during the first 8 weeks of the scientists’ stay on the island.

¢ - a1

8_
88 = f/glgf, ’) @M

= 25330 @ A (1+1+2=4 marks)

61

11




Question 7

{z : |z| = 2} represents all complex numbers which are two units from the origin. These points lie on

T
a circle of radius 2 units centred at the origin (i.e. Cartesian Equation x* +y*=4). Let A=2 cisg

and B=2 cis% be two points lying on this circle.

a) Find the exact area of the minor segment of this circle formed by the chord A8.

0= §-7 77 h= kreloc-sve)
i1 (% -mg) O

1)

b) Convert A and B into Cartesian form using exact values. Now plot and label them on the

Argand diagram below.

A
A= 9‘0'3% =4§l("§’+1"§):@_}{ @A
prawh -als+i%)= 1t @

@

@
B @.@
A

1 2 3

= Re(z)

c) Find the Cartesian equation of this line segment AB in exact form.

Usng  (V3,1) and (i,73)

(3 - =~ @M

m= R
Y- = m{x -x) @)™
y-—-ff-'(?_c—:@)

Y= -xtiH3 "

12

(2+3+2=7 marks)



Question 8

The impedance of an AC circuit is the complex number ratio of sinusoidal voltage to current. The
real part represents the resistance of the circuit (energy lost) and the imaginary part represents
the reactance of the circuit (energy stored). The total impedanceisz;,,,.

When two elements of a circuit are connected in series, that is one after the other, the total

impedance is the sum of the individual impedance: SERIES z,,, = 2, + z,.

When two elements of the circuit are connected in parallel, that is, next to each other, the total
2123

impedance is found using: PARALLELz,,,, = .
zZ + 2z,
a) Determine the total impedance, z;,,,;, in these circuits, in the form of x + yi, if the elements

are connected in series and parallel when z1=3 + 2/ and z2= 2 + 4i.
i. Series ii Parallel

(§+;Lz')+(&+4f) (3420)(2+90) . §g§_+jﬂ

. N }
= S (D* e ¢! @A

b) Given z;=2+jand z2 =%’;ﬁ

1, . . .
—-2—: are the impedances of two elements connected in series

:._‘\/_54_11'_

in a circuit, show that the total impedance, in the form of x +yi, is z,, , = 5 5

N -4 - {5-Y :
-St o= 2t =5 4 (1=1)1

2
0 = MG L G-y)e O

2+ +

pra
- V3 P
- ey -+ — ~ ;
c} Give the solution to the part (b) in polar form.
0
L g
d) The total impedance in a parallel circuit is actually calculated as L = ZL+ZL . Show
Tatal 1 2
mathematically that for two impedance, 71 and Z3, in parallel circuit, the total impedance,
yAVA
Zroal, is given by Z, = —12 . i
Z+7, ._i__. = + —

13



Question 9

Consider the matrix:
A cos@—-z —sing
| sing cosf—z

a) Find det(A) when z= 0. Hence show that A has an inverse when z=0.

{Note: sin?(6)+cos?(6)=1) M
= , . o z
M U,JM O_ ded (h) = cosf +sm™0 = |
@ (os@ —Sind
%{}w @m} bs k) #0 , A has an invese (P

b} Now z # 0. Find an expression for det{A) as a quadratic polynomial in terms of z with
coefficients as functions of &. @ M

bt = (s8-2)"+5M0 \
= oFh — 22086 2 +SND @

= 22— aZcosh 4| @’4

¢} Hence, considering A to be a matrix with complex entries, show that for det{A)=0, there are
two possible complex numbers: z = cos@xisinf). (Hint: use the quadratic formula).

Solve 2=2ZlsB+i=

| 2= C0s § L 1<ing
U‘
(0" 2= 2080 m /
No

() fhos = —2vere
®M _ s * ;19;149 - 5 m’
2 = 2snBx 1
d) Hence, determine all the possible values of & for which A is a singular matrix with real entries.
Veal part Im()=0 r
e sinb =0 @W

0=nTl ,whe nez O

e) Ifz= %(l +i), then determine one possible angle, &, for which det{A)=0. (Hint: Use c}).
= 4 -—-1—‘ = iy ’fS’m@
2= L4 =l (7)
‘ b —L
c:bse—'“l’@ omd b = G T
[ A
@ 6 = % 9 - j ﬂq @
i ~ (2+2+2+2+2=10 marks)
L BEY e Ty (onty L ange reguared)



Question 10

Solve the matrix equation below.

1 2 5 77 4] 1 W CAS ~i

- !
3.2 3 -100b| (2 G llgio 2
4 515 8 |c| |3 h o 3§_|3gg 3
~5 8 11 -2ld| |4 a. _‘égnw 9
LS = S
S 44
)
¥ EeA .
5 s por each
C= Ay 4= 248
(2 marks)
Question 11
: : - (x=hP _(y—k)?
Find the equation of the hyperbola shown below, in the form - =1.

2 2
a b
The vertices are (-7, 0) and (11, 0). The asymptotes have y — intercepts of {0, -4) and {0, 4) and an
X —intercept of (2, 0).

Awwme}f”“q

b=1%.

Contye (2, O)

(3 marks)

5




Question 12

Write the equation of this ellipse ax® + 9y2 —48x+ 72y +144 = 0in the form:

(X—h)2 +(y—k)2 B
2 2

a

ZMM?L 8% +32y = IuY o} (D" for atkophieg to
- Ygn +ag Ty = -y enpleke th speare
it (- 1220) @(B”f«%}ﬂ) = = 14y
[0+ - ) < ALYy 9=y =y
: [foé)l*?)é] + CI[CWH)L*%] =~{hy @M
H(I’G)L’}H/;f Mﬂﬁ-u)% 4y ==k

H(X'“é)” 4+ 9 Cy—rfq)b = 1Yy @ A -
[JL—(;)L . ( ’;:)L _ ’ @A

36

{3 marks)

END OF EXAM
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