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SECTION 1
Question 1
Where k is a real constant, the simultaneous linear equations

kx -5y =0
7x—(k+2)y=k

have no solution, provided that

A. k=5

B. k=-7
C. k=5 -7
D 5<k<7
E k=5 -7
Answer is C
Solution

To have no solution, the lines need to be two parallel lines. When k =5, —7 the gradients are
the same but the y-intercept is different, therefore have no solution.

For equation 1: y = % :

For equation 2: y = Ix ko :
k+2 k+2

Question 2
At the point (2, 3) on the graph of the function with the rule y = 2(x - 2)° + 3,

A. there is a local maximum.
there is a local minimum.
there is a stationary point of inflection.

the gradient is not defined.

mo oo

there is a point of discontinuity.

Answer is C
Solution

The graph is a power of 5, which means that it behaves like a cubic graph. Therefore, it has a
stationary point of inflection at (2, 3).

Year 12 Trial Exam - Mathematic al Methods Unit 4 - Copyright © Insight Publications 2011



Question 3
The maximal domain, D, of the function f : D — R, with the rule f(x) =log,(a—2x) for

a>0,is

A. R*
a
B. —00,—
(-0 2]
a
C. —00,—
(-0 2)
D. (—o0,a)
E. (—o0,a]
Answer is C
Solution
f (x)=log,(a—2x)
=log,(—2x+a)

a
=log, —2| X — —
0. ( 2)

So the graph has undergone a reflection in the y-axis and a translation to the right of % units.

This means the domain is (—oo,%) :

Alternatively:
a—-2x>0
—2X>-a
a

X<§

TURN OVER
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Question 4

The range of the function f :V

~ 3

[-3 3]
(=3 0]
(-3,1.5]
(-3, 1.5)

mGo O ®

Answer is D

Solution

6’2

”j—) R, f(x)=3cos(2x) is

Graph the function and use fMin and fMax from the G-solve menu.

W Edit Zoom Analvsis # IZI'

W Edit Zoom Analvsis # IZI'

Sheetl [ Sheet? [ Sheet2 [[4] + Sheetl Sheetl] 001 Sheetl [ Sheet? [ Sheet2 [[4] +
1e 1 Min 1e

Ey?=3-cus(2-xj|§=>t Ey?—a-.;.:-scz- e Ey?=3-cus(2-xj|§=>t

Ow2:=0 Ows:0 w=Intercept Ow2:=0

Ow2:0 Ov2:0 Ov2:0

OwidE: g Owi@:Q w—Lal Owid: g

Owil:0 Ow»11:0 xaf?al Owvii:0O

Ow1Z:0 Ow1z:Q Jdx Ow1Z:0

. = . Distance . |5

; ; nffxady ;

: 1 : . 1

|e = |e = Ii; 5

: -3 : -3 wo=@, 5235987 wc=1,S-— |

E | E W T=3 GOS0 2 ) | S EE LS
Fad Real ] Fad Real o] Fad Real ]

Sheetl | Sheet? | Sheetld | 4 i 4

16
BuT=3-cos(2-x]| ggr[

Ow&:-0
Ow3:=0
O=16:-0
Owil:-g
O=1Z:0

le=
5 Min
¥c=1.STATIES woo—I—

WT=EecoS e ) | MG xLS E

Fad Feal ]
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Question 5

The inverse of the function f:RT >R, f(x)=

Answer is B

Solution

[a,0) > R, where f*(x)=
:(a,0) > R, where f™(x)=
‘R" > R, where f*(x)=
.[a,0) - R, where f_l(X)=Xi—a

:(a,0) = R, where f*(x)=

1
JX

1
(x-a)?
1
(x—a)?
1
(x—a)?

2

1

—-a
X2

—+a for aeR is

Using the fact that the domain of the inverse is the range of the original, the domain of the

inverse is (a,).

To find the rule use CAS:

| Ny Edit Action Interactive X}

Y I e P | l

kN

bl
20 |EEIE]

N ESolve
5alve nurerically
Equation:
\ariable:

I i
mth |abc [cat [ 20 ---

| V Edit Action Interactive :

snlve[ ﬁ+a=ys x] :

1
e e —
y2+a2-2-a-y}

hd
mth [abc [cat | 20 ---

E IEI [=]<]2] I%Irl-vlzlt 4-I [m[e]d[=]<]>] I*lerlzlt *-I [m]e]d]=]<]2] I%Irl-vlzlt 4-I
- |?E=9 loa [ In [ F [[7[5]% ] |?E=9
|J_| 5 [e]|[=]= x2 | & x-1||456x+ .H_' 5 [e]|[=]=
=" 1chl']||'|||1 AE BRI IEEENEN BEE G| 1“9-"||'|| z[3|[+]=
() {}{-HEEUB E|[an= i 1 |3 |2 E|[an= () {}{-HEEUB . e ||an=
EHLEI ACY | OFPTH | VAR |EXE TRIGlEHLEIOF‘TN '-.-'FIF! EXE EHLEI ACY | OFPTH | VAR |EXE
Ala Lecimal Real Rad qm] Ala Decimmal Real Rad gy Ala Lecimal Real Rad qm]
.y . . 1
This gives the rule for the inverse as f (x):—( a2
X—a

Hence, the Answer is B
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Question 6

The continuous random variable X has a normal distribution with mean 60 and standard
deviation 7. If the random variable Z has the standard normal distribution, then the probability
that X is less than 46 is equal to

A. Pr(Z > 2)

B. Pr(Z > -2)

C. Pr(Z > 74)

D. Pr(X > 2)

E. Pr(X >-2)

Answer is A

Solution

Pr(X <46)= Pr[z <467‘6°j
=Pr(Z <-2)

=Pr(Z > 2), using symmetry

Question 7

For y =e*sin(3x) the rate of change of y with respect to x when x :% IS

A. 0

B -3
C. —3e%
D —3e”
E. —3e3
Answer is D

Use CAS, giving:

Wy Edit Action Mgl =T i« | W Edit Action Interactive
m ;Einsf:-rmatu:-n ' -E:JIE" ;"I?"H'I .

. diff —Beg it

amy  impDiff

Cistd o dif L€ (3 SinCaeied s 3y 10

List- lim —3T7174. 94342

Matn difFCE™ (3 e Sin (3l o, 10

ket I, —69. 4226773

Equa rmod ATCSex e SinCS e ey Lol 3D

E;s;t",: tanLine -3-&T
Iree, | Mormal kd
Defir ArcLen (e (3 [cat [ 20 |
fiax nl@fi|w]c|a], |]a]y|z]z ]
;.l':d =T =21 [=]
sind - =in =in-1 ||4 SlE||=|+

—| denominator -

cos | cosd [omerator cos | cost J{1[Z]5][+]-
tan tan AT (E A tan tan-! UE’I - |E]|ans
£ | EALE JorTH] YAR |EXE = Jcoac JorTH] vAR JERE

Ala Standard Feal Rad fm] Ala Standard Feal Rad dm
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Question 8

According to a survey, 20% of primary school students at a particular primary school like the
colour red. If 10 students from this primary school are selected at random, the probability that
at least 6 of them like the colour red is

A. 0.0064
B. 0.0009
C. 0.9936
D. 0.0055
E. 0.9945
Answer is A
Solution

X ~ Bi(n=10, p=0.2)
Pr(X > 6) = 0.0064

Use CAS:

W Edit Action

e

s

Transformation
Adwanced
Calculation
Carmplex
List—-Create
Lizt—Calculation
Matrix-Create

v ow oww ow ow w i

binomialCDf Exf

P
Upper[m_—F
T s e—

Fos|H.2

|  Edit Action Interactive ixi

] e ] e i
binomialCOf(&, 18, 18,8.2) |~

5. 3693824E-3
K

'T:cli ey zrgbzbiii;:y of success (@
Equa niorChf
H==i tEE}:
t L
WES C
Definl Frbr (mth [abe [cat | 20 | (mth (abe eat [ 20 |
fCOf = =
-1 BiromnialPDf EIEIREEEE |$"|“"|Y|z|t_:| [x[e]]o]c]>], |?'|A’|.V|2|i:|
: biromialCoF HEEHBEEE al=][~]=
sint| Foissonfht THEEE AHEEE TEESE OHO B
co=-1| geoPDf cos cos-1 ||1 212|+|- cos co=s-1 ||1 213||+]-
1| 9ecCDhf - .
tan | tanct| Ao e oFDE tan | tan-t [{{8]. [e||ans tan | tan-t [f{@[. [e|lans
= JCALC |] hiperaeoCDf = JCALC JorTH | YAR JERE = JcoaLc JorTH] VAR JEXE
Ala Standard Feal Fad gmn] Ala Standard Feal Fad gm] Ala Standard Feal Fad gmn]
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Question 9
A transformation T : R* — R? that maps the curve with the equation y = cos(x) onto the curve
with the equation y =1-2cos(3x + ) is given by

x| |E o [x] |ZZ
A T =3 +| 3
0 y

y] |0 5yl

'x] [3 0 x} i
D T |= +| 3

Lyl |0 -2y -1

o1 |1 - T
e T/ |=|"3 ¢ X} 3

Yl Lo 2fYd [-1
Answer is A

Solution
Looking at the x terms, wheny = cos(x) becomes y =1—2cos(3x + ), x changes to 3x+ .
The matrix in option A allows this to happen.

X 7

Expanding the matrix equation gives x' ==

373" Rearranging to make x the subject gives

3X'+ 7 =X, as required.

Question 10

Let X be a discrete random variable with a binomial distribution. The mean of X is 2 and the
variance is 1.6. The values of n (number of independent trials) and p (the probability of each
trial) are

A. p=2andn=20
p=0.8and n=10
p=0.2and n=10
p=0.02 and n =100
p=2andn=100

moow

Answer is C

Solution

If X is a binomial, then x =np and o* = npq.

Substituting in the values gives 2=np and 1.6 =npq, therefore q=0.8.
= p=0.2and n=10

Year 12 Trial Exam - Mathematic al Methods Unit 4 - Copyright © Insight Publications 2011



Question 11
For the function f :R— R, f(x)=(x+a)’(b—x), the subset of R for which the gradient
of fis negative is

A. (—o0,—a)
2b-a

5. (252

(—o0,—a) U (b, )

(—a, b)
E. (—oo,—a)U(st_a,oo]
Answer is E
Solution

Graph is a negative cubic and a quick sketch gives

y

Using CAS, the graph has turning points at (-a, 0) and [2b3 a’ 0].

Eﬂmiﬁl%ﬂ-ﬂ- m&m%u.u-

d 2 2 -
E[(:ﬁa) «(b-x1) *:2—52—4-a-x+2-b-x+2-a-b|§|
L2 02 4 gyt Pebex+Teasb solvel -3 x2-aZ—de e szt
1ogZ g gewt e Be w42 50 B=d {x——El.33332333233-a+a.66>
snlve[—S-x —ac—daga w2 ¥

- 2.b
e ne e |

:' 0] Ed

20 |EICEIE| |[mth[=be [cat | 20 |EIEIE]
E |E'| [o]<>]s |*‘|1’|P|2|t L REEBCIEEE |¢‘|-*|P|Z|t:|
] |? HERE ] |? A EHE
_|J—| _IJ_I

1"1‘-“||'|||1 z[=|[+]- lml|“||'|||1 2=+

() {}{-HE:E“E" e |[an=|| || () {}{-HE:E“B . [e|[an=

I:FILE' ADY | OPTH | VAR |EXE I:FILI:| ADY | SPTH | VAR |EXE
Ala Decimal Feal Rad gm] Ala Standard Feal Fad gm]

So the gradient is negative from (-, —a) U [Zb—a’ oo].

3

TURN OVER
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Question 12
The discrete random variable X has a probability distribution as shown.
X 0 1 2 3
Pr(X =x) 4a 2a 3a a

The median of X is
A. 6a

B
C.
D
E.

Answer is C

Solution

Summing the probabilities to 1 gives 4a+2a+3a+a=1,s0 a=0.1.

The median occurs when the sum of the probabilities is 0.5. This occurs during the interval of
X =1, so the median is 1.

Question 13
The tangent at the point (2, 3) on the graph of the curve y = f(x) has the equation y =2x—1.

Therefore, the equation of the tangent at the point (2, —3) on the curve y =—f(x) has the
equation

A. y=-2x-1

B. y=-2x+1

C. y=-2x-3
1

D. =—-—X+1
y 2

E. y:—%x—l

Answer is B
Solution

The graph has been reflected across the x-axis and, likewise, the tangent is also reflected,
giving the equation y = —(2x-1) = -2x +1.
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Question 14
If T f(x)dx =4, then f(3— f(x)) dx is equal to
-1 -1

A. -1

B. 7

C. 1

D. -4

E. 5

Answer is E

Solution

2 2 2

j(s— f(x)) dx = jsdx— j f (x) dx

-1 -1 -1
=[3x]?, -4
=6+3-4
=5

TURN OVER
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Question 15
For y :; dy is equal to

1-f(x) dx
A log,(1- f(x)

B.  —log, (- f(x)

C. _—12
1-f(x))

D, 1
(1- f(x)?

E - f(x)
(1-f(x)’

Answer is D

Solution

Use CAS:

| W Edit Action Interactive :

[ [ [ A .
1[_1 ] -
dxl 1-f(x)
d
E(f(xj)
(f{x)-1)2

bl
20 |25

zlefelol o], |slalyl=le] 4'I

D|r|_||?89

HEHEAEE
o 11c-g.|]||lg1 EI e

|
() {}{-HE:E“E‘ Ellan=
CALC | ACY | OPTH | VAR |EXE
Ala Standard Feal Fad gmn]
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Question 16
The average value of the function f :R\{5} >R, f(x)= % over the interval [1, k]
—X

is %Ioge 2. Hence, the value of k is

A1

9
B. e’
C. -3
D. 3
E. 7
Answer is D
Solution

Use CAS and solve.

|  Edit Action Interactive ixi

] T ] L e o B

b
sc\lve[ L -J\de=l- 1Int
w-1 1

|  Edit Action Interactive ixi

] T ] L e o B

L\f¢dz=lln(2)|
1 2

N ESolve
5alve nurerically

Equation: Lol =100 !

Variable: [

-
]k

{9=3yv=5, TREEE4E36 }
n]

o i o
[mith [abe [cat | 20 |ENENE]| [mth(abe [cat [ 20 |EEIEIE]| [meh(abe [cat [ 20 |EIEIE]
3 1 0 P | 2 Y P | 0 I P P R

HEHEEE loa [ In [ F [[7[&8]%][*]= TIEEEE HEERE
HE R DHA R EGEEE DEA R EEGEEEY AHA B
HEREDR RHERE HEAEDR BHE R EREEN BEBEERE
[ 1 [c-aEa]. [e]|ans [ 1 [e-s[Ea].]el]ans [ 1 [c-aEa]. [e]|ans
TRIG JCALC JorTH | vAR |ERE)| || TRIG JCALC JoPTH | YAR JERE]| || TRIG | CALC |<PTH | YAR JERE
Alg Decimal  Feal Rad qm] Alg Decimal FReal Rad qm] Alg Decimal  Feal Rad qm]

lag | 1Im T

TURN OVER
Year 12 Trial Exam - Mathematic al Methods Unit 4 - Copyright © Insight Publications 2011



14
Question 17

The graph of y = f(x) is shown below.

y

AN

The graph that best represents f(—x)+2 is

A. B.

y y
C. D

y y

Answer is C
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Solution

The transformation f(—x)+ 2 means the graph has been reflected in the y-axis and shifted up

2 units. This is represented by graph C.

Question 18

The exact area of the region bounded by the curve f(x) =e* —2e* -3, the x-axis and

the y-axis is

A 3log, 3

4 -3log, 3
4log, 3
4-3log, 3

m O O W

3

Answer is A

Solution

Using CAS, the area required can be seen as the shaded region.

W Edit Zoom Analysis # IZII
o o] e AR 2]
Sheetl | Sheet2 SheetSi 4 i 4

Eyl=glrx_ g, g%z [—I&
Owz:
Ow3:
Owd:
Ow3:
Owi:

Ow7-

| FEL=108

pOoOoooono

er=1
Jdx=—13. 242835587

Fad Feal ]

Use the main menu to find the exact value of the x-intercept.

|  Edit Action Interactive ixi

] T ] e amdnd |

solvel g2 %oz e®_z=p, ] [
Lx=1n(3)2
]

Ala Standard Feal Rad qm]

So, the area is:
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I I
EWEEI%H-H- Emﬁl%ﬂ-ﬂ-

snlve[ez'x—Z-ex—3=E‘,x] = snlve[ez'x—Z-ex—3=B,x] =
{x=1n(30% {x=In(30%
1ni 27 1ni 2]
- e * 2. e 3dar - f e F 2 e 3dar
5} 5}
3+1nl 3]
<[ [P -

mth |abe [cat | 20 mth |abc [cat | 20
HEIRCEER |$~|x|y|z|t CIREIEIBEIEE ,|$~|x|y|z|t -]

[mO] [ | =] |? = [mO] | | [ =] |? =] =
TimO E:J [%;] HE 6 HE Tl [ ] [DD] EE 6 e
i-n = 1[z[3]|[+[-]| |lu=z £= Tr':'|123+-
,:.U ﬁﬂ J-,:-“ 5] E|lan= ,:.U ﬁﬂ ‘rn-“ 5] E [|an=
= | DY [OFTH v ||| S T Aoy JorTH VAR [ERE

Ala Standard Feal Rad qm] Ala Standard Feal Fad gm]

Question 19
The continuous random variable X has a probability density function given by

ksin(x), if O0<x<zx
f(x)= )
0, otherwise

The Pr(X > k) is closest to

cos@j
A 5
1 sin(lj
B 2
2
sin(lj
C 2
2
1 cos(lj
D 2
2

Answer is E
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Solution

17

Using CAS gives the value of k = 0.5.

[ Edit Action Interactive

T O ] L i A Y

hal

mth |abc [cat [ 20 EEE]

o & Solve
Z5olve numerically

Equation: Jikxsinl !
Variable: k

i
mth |abc |[cat [ 20

[ Edit Action Interactive i

Emfﬁ%ﬂ-ﬂ-

T e
snlve[ j\k ssinlx)dx =1, k]

5]

(1)

mth |abc [cat [ 20 EEE]

D

EIRE |)|,|$~|x|y|z|t 4-|
el
=in =in~1 ||4 3 6 =]+
cos | cost [ 1]2]5][+]-

EIRE |)|,|$~|x|y|z|t 4-|
el
=in 5|n1||456><+
cos | cost [ 1]2]5][+]-

tan tan~t L| a E ||an= tan tan~t L| a E ||an=
= JcALc JorTH VAR [EE [ ceix JMATH] SPRCE JSMELJEXE = JoALc JorTH VAR [EE
Ala Standard Feal Rad fm] Ala Standard Feal Rad dm Ala Standard Feal Rad fm]

So the Pr(X >k) = j 0.5sin(x) dx.
0.5

Again using CAS, this is:

| W Edit Action Interactive :

Y I e P | l
L

=

n
\J\ B, 5= sinl 2 dx
A,5

0 k4

mth |abc [cat [ 20 EEIE]

e | |)|, |%—|z|y|z|t 4-|
[=]"]

sin sinl [H 4 5 6 %[+
COS cosl ||1 23|[+]-
tan tan-l [5 0O ans

= | CALC |oPTH '-.-'FIR ERE

Ala Standard Feal Fad gmn]
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Question 20
The interval [0, 4] is divided into n equal subintervals by the points

Then 5Iim i(x?&x) is equal to

x—0 i=1

A %
3
B. 64
C. 16
D. 8
E. 21
Answer is A
Solution

This is the formal definition for finding the integral.
S (2 12
;imog(xi 5x)_£x dx

Using CAS, this is:

|  Edit Action Interactive ixi

] T ] e amdnd |

4 ]
fx"‘de
5]

bl

20
nlefifo| 2], [3|a|s]|z]z ]
HoaRE

mol| (8] [ =z

T = = e
TR e
d o =

0| | S5 [@ ] e |[ans

= [ A0V JOFTH] VAR JEXE
Alg Standard Real Fad qm]
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Question 21
The velocity of a car moving in a straight line in metres per second is given by

v(t):8—%t2,t20.

Hence, the distance, in metres, travelled in the first 5 seconds is

A. -12.5
B. 23.5
C. 21.3
D. 19.2
E. 11.3
Answer is B
Solution

The distance travelled is the area bounded by the graph and the x-axis from x =0to x = 5. The
graph has an x-intercept at t = 4, so the distance is calculated by:

- _4 1 2 5 l 2
Dlstance—j(8—§t )dt—j(8—§t )dt
0 4

Using CAS, this is:

|  Edit Action Interactive ixi

] e P
= | ™

1. DA 2dar —J\S—Ei DA Edar
4

| V Edit Action Interactive :

\J\S—Ei. Sat2dar —J\S—Ei. DAk
5] 4

23.9

w-- mth [abc | cat | 20 |=IEIE]
me|E|w (|)| |$—|x|y|z|t 1-| m(a|E|(w|c] ,|$—|x|y|z|t 4-|

mol (8] (|58 [Ff={2 1)) (o] 8] Eg R
i E':' io 'AHEOE i |1 == [+]-
,:.EI ﬁl] ‘r “ E[|an= ,:.EI :.DEI ‘r “ E |[an=

= | ADY JoFTH Ve [ErE = | AbY JoFTH v [ERE
Ala Standard Real Fad qgm] Ala Decimal FReal Rad qm]

TURN OVER
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Question 22

Let f(x)=a—bsin(x),where a and b are real numbers and b > 0.
Then f(x) >0 for all real values of x if

A. a>b
B. b>a
C. —a>b
D. b>-a
E. —a<b
Answer is A
Solution

Graph is a negative sin curve with a minimum value of a - b.

Wewant a—b>0,s0 a>h.

Year 12 Trial Exam - Mathematic al Methods Unit 4 - Copyright © Insight Publications 2011
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SECTION 2

Question 1

Hugo wishes to compete in the State-wide Junior Schools Athletics carnival. His chosen event
is discus.

The longest throwing distance recorded by his school is 51.60 metres.
The current State-wide junior schools record is 55.80 metres.

To be selected to compete he must throw at least his own school’s record.

Hugo knows that the distance X, in metres, he can throw the discus follows a normal
distribution with a mean of 50.55 metres and a standard deviation of 3.90.

a. Complete the following table. Give probabilities, correct to 3 decimal places

Distance thrown Probability
Better than own school record

Better than own school record but
less than State-wide record
Better than State-wide record

3 marks

Solution
X ~ N(u =50.55,0 =3.90)

Pr(X >51.60) = 0.394
Pr(51.60 < X < 55.80) = 0.305
Pr(X > 55.80) = 0.089

normCDf [ Edit Action Interactive &

Lower ] T ] T e I EX
Urper[m 0| |[rormCOfiSl. 6,0, 2. 9,50, S
i B. 3938766519
i o

popuUlation mean

mth |abc [cat | 20

[nfefd[o[<[o] [+ |x]y|=]z |«
loa | In [ 7 F7[2]2]["[=]
= | &= [t [ a]5[e][x]=
AEEEEN NBEEE
L |1 [ ifal. e]an=
TRIG | CALC |oPTH | vAR JERE -
Alg Decimal  Feal Rad qm] Alg Decimal FReal Rad qm]

SECTION 2 - Question 1 - continued
TURN OVER
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normCDf

Lower

Upper F
¢
I

population mean

mth [abc [cat | 20
[nfefso[<[>]s [>|x]y|=]z|«]|
loa [ In | T [7[E[5]["][=]
=2 [ &% |t :
[ IETR
[ 1 [e-alfal.]e
TRIG | CALC |oPTH | vAR JERE

22

| W Edit Action Interactive

] T ] e amdad HIEY |

normCOFISL . Sa 0y 3. 9, 50, Sk |e
B, 4837742562
normCOflS1 . 62558, 3.9, 51k
a8, 3847493953

n}

Ala Standard Feal Fad gmn]

Ala Standard Feal Fad gm]

normCD T

Lower (5,88
e Co—
o —
o

| PoPulation mean

mth |abc [cat | 20

[r[efifuf 2], [3]arfy|x]e]+]
loa [1n [ T |7 [e]=]["]=

=2 | e | =t [a]5]e]x]=
ENEN NEEEE
L |1 [ e |e][er=
TRIG JCALC JorTH ] YAR JEXE

[ Edit Action Interactive

T o e T i I EY

rormCOFISL . 5a 0, 3.9, 50, S| &
. 4837742862
normCOfLS1 . 6 55,8, 3.9, 5Ir
A, 3847495928
normCDfL S5, 8.0y 3.9, 58, 5
A, 83912645351

n}

Ala Standard Feal Rad qm]

Ala Standard Feal Fad gm]

Mark allocation

° 1 mark for each correct answer.
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b. 85% of Hugo’s discus throws travel at least A metres. Find the value of A, correct
to 2 decimal places.
2 marks

Solution
Pr(X > A)=0.85

invNormCD¥ E1f

|
Tail setting S O ] Ll Famied I EY
prob[@. 85 IF| |finwMormCDr "R, 3. 85, 2. 9, CH]&
P 46. 56796378
u p

popuUlation mean

mth |abc [cat | 20

[nefifo]c[o]s |3 |arlsl=|x ]|+

log | 1In 219"

xE £~ 6| ]|+

EE 2 =]|[+]-

[ 1 [c-aEa]. [e]|ans

TRIG | CALC |oPTH | vAR JERE -

Ala Decimal  Feal Fad gn] Ala Decimal  Feal Fad g

So A=46.51m.

Mark allocation
o 1 method mark for setting up Pr(X > A)=0.85.

o 1 answer mark for finding the correct value of A.
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C. On a particular attempt, Hugo throws the discus a distance that is less than the State-
wide record. What is the probability that the distance thrown is farther than the
school’s record? Give your answer correct to 2 decimal places.

2 marks

Solution
This question involves conditional probability.
Pr(X >51.60| X <55.80) = Pr(X >51.60n X <55.80) Pr(51.60< X <55.80)

Pr(X <55.80) - Pr(X <55.80)
_0.305
= {1-0.089) (Answers from parta.)
=0.33
Mark allocation
o 1 mark for recognising that the problem is one of conditional probability.
o 1 mark for the correct answer.

d. During practice, Hugo throws five discuses. What is the probability that more than
three of them are farther than the school’s record? Give your answer correct
to 2 decimal places.
2 marks

Solution

Let Y = Number of throws farther than the school’s record
Y ~Bi(n=5, p=0.394)

Pr(Y >3)=0.09

binomialCD¥ E1f

I
Lower ] O ] L I EY
Urper | |[Einomizlcof 4,5, 5, 8. 3041 |~
Murntrial 8. 83251229854
pos p

probability of success (@
£ p £ 12

i
mth |abc [cat [ 20

[x[e[d]o[c[>]; [>|aly|z]z]*|

log [ In [ T J[7[&]=]"
= | e* [t [ 4]5]6][x]:
ENEN NEEEE

ey
|

L |1 [ e |e][er=
TRIG JCALC JorTH ] YAR JEXE -
Ala Decirnal  Feal Rad fm] Ala Decirnal  Feal Rad fm]

So the probability that more than three of five throws are farther than the school’s record
is 0.08.

Mark allocation
o 1 method mark for recognising that the problem is one of binomial probability.
o 1 answer mark for the correct probability.

SECTION 2 - Question 1 - continued
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Riley is another competitor trying out for the State-wide athletics carnival.

The distance he is able to throw the discus is normally distributed with a mean of
51.20 metres and a standard deviation of o.

e. He knows from past experience that 20% of his throws reach the State-wide record
distance. Find the value of the standard deviation, o, correct to 2 decimal places.
2 marks
Solution

Let X = Riley’s discus distance
Xg =N(u=51.20, o)
Pr(X >55.80)=0.2

| W Edit Action Interactive ix: | W Edit Action Interactive
] T ] Szl [ ]
rormCDfST. 8 wax,T1.2) & AmCOT(SS. Sy 0, %, 51, 2)=0,2 |~
MIS1.28
population mean ERROR!
Mroma Argurnent Type
mth |abc [cat [ 20
[m[efifn] ]2, [+ |afy|=]e]|+]
loa [ In [ T J[7[5[2][*]=
x@ | €% [t i 4|56 ]|[=]
HEREDR RHERE
[ [ 1 [<=>]ge].[e]lans
TRIG | CALC |oPTH | vAR JERE - -
Ala Decimal  Feal Fad gn] Ala Decimal Feal Fad gn] Ala Decimal Feal Fad o

[ Edit Action Interactive &

[} oooive . S O ] L L e L EY
alve numerically
Equation: T — solvel normCDf[ S5, Sy, x, Sk
Auatian: S R {x=5.465641572
\ariable: h

i
mth |abc [cat [ 20

[nlefefn]c]a]s [3|arly]=|x ]|+
loa [1n [ T |7 [e]=]["]=
= | e* [t [ a]5[e][=]=
AEENIEN RHEBE
L |1 [ e |e][er=
TRIG JCALC JorTH ] YAR JEXE -
Ala Decimmal  FReal Fad dm] Ala Decirmal  Real Rad gm]

So the standard deviation for Riley’s distribution is o= 5.47.

Mark allocation

o 1 method mark for setting up equation with unknown standard deviation
Xs=N(u=51.20, o)
Pr(X >55.80)=0.2

o 1 answer mark for finding correct standard deviation.

SECTION 2 - Question 1 - continued
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On the day of competition, Marcus, a discus competitor from another school, knows that his
chances of throwing better than the State-wide junior schools’ record depend only on what he
has thrown at the previous attempt. If he throws farther than the State-wide record on one
attempt, then there is a 60% chance that he’ll throw farther than the State-wide record on the
next attempt. If he throws less than the State-wide record on one attempt, then there is a 30%
chance he’ll throw farther than the State-wide record on the next attempt.

f. State the transition matrix for this information.
1 mark

Solution
Let F = throws farther and L = throws less.

F L
F 06 0.3
L 04 0.7
Mark allocation
. 1 answer mark for correct matrix.
g. If Marcus throws farther than the State-wide record on his first attempt, what is the

probability that he throws farther than the State-wide record on exactly two of his next
four attempts? Give your answer correct to 4 decimal places.
3 marks

Solution

There are “C, =6 ways that he can throw farther on exactly two of the next four occasions.
These are:

FFLL = 0.6x0.6x0.4x0.7 =0.1008

FLFL = 0.6x0.4%x0.3x0.4=0.0288

FLLF=0.6x0.4x0.7x0.3=0.0504

LFFL = 0.4%x0.3x0.6x0.4=0.0288

LFLF = 0.4x0.3x0.4x0.3=0.0144

LLFF = 0.4x0.7x0.3x0.6 = 0.0504

The total of these probabilities is 0.2736.

Mark allocation

o 1 method mark for identifying six possibilities.
o 1 method mark for at least two correct calculations.
o 1 answer mark for correct probability.

SECTION 2 - Question 1 - continued
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h. What is the probability that Marcus throws farther than the State-wide record on his
tenth attempt, if he throws farther than the State-wide record on his first attempt? Give
your answer correct to 3 decimal places.

1 mark

Solution
There are nine transitions to go from Marcus’ first attempt to his tenth attempt, so we
calculate the matrix multiplication:

o0 03] [0

1k

1
= E
o
=3
=1
>
L]
— 1
[
|
1k
= E
o
= E
-1
>
]
— 1
[ I

}

. 423332676
B. 571417324

bl e
mth |abe [cat | 20
nleifo| o], [#|ae|slz]z ]| |[x]e]d]nw] 2] [3]a]|s]z]z]*]

m] [yl Flal2]|~]|= OIIEENEHEEEE
[mO] [=|:|] [|:||:|] |4 =Telml= [mO] [=|:|] [|:||:| |4 =T il=
[1]=z]=][+]- [1]=]=]+]-
T m=ial.|e|lans ol amd| J2™=la].]|el|lans
"o | Apv JorTH] VAR JEXE|| | & T Aoy JoFTH] vAR [ERE
Ala Decimal  Real Rad qm] Ala Decimal  Real Rad qmy

Marcus has a probability of 0.429 of throwing farther than the State-wide record on his tenth
attempt.

Mark allocation
. 1 answer mark for the correct answer.

SECTION 2 - Question 1 - continued
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I. To be eligible for National selection, Marcus has to have thrown at least 650 throws
that are farther than the State-wide record, from 1200 attempts. Based on his current
performance, is this possible for Marcus? Explain.

2 marks

Solution
Let’s look at the long-term probability.

0.6-0
One technique is to consider the values on the non-leading diagonal, which give

the probability associated with change. Marcus has a probability of % S0 ; or 0.4286
3+0.

of his attempts long term should be successful. The requirement is for 650 out of 1200; i.e.

0.5417, so he falls short of reaching this requirement.

Mark allocation
o 1 method mark for finding long-term probability.
. 1 answer mark for correct conclusion.

Total = 18 marks

SECTION 2 - Question 1 - continued
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Question 2

A vertical section of a chocolate mousse in a bowl is illustrated in the diagram below. The
diagram shows the arrangement of dark chocolate and milk chocolate in the mousse.

The axes OX and OY are as indicated. All measurements are in centimetres.

= C
i
milk chocolate
dark chocy ]:;Te T
o 5 0 5
a. The chocolate mousse is placed in a paraboli-shaped bowl and the outer curved edge is

described by the equation y = ax*. Show that the value of a = %

1 mark

Solution
The graph passes through (15, 9), so when x =15, y=9. This gives:

| W Edit Action Interactive :

R I e P | l

kN

snlve[9=a-152,a] =

=

| W Edit Action Interactive :

R 1 e P | l

N ESolve
5alve nurerically

Equation: Q=ax15"2 !
\ariable: d

1k

i
mth |abc [cat [ 20 mth |abc [cat [ 2D mth |abc [cat [ 20

[ ceiw JMATH] SPRCE JSMELJERE]| || cefiw MATH] SPACE JSMELJERE]| |[ cefix MATH] SPACE JSMELJEXE
Ala Standard Feal Rad fm] Ala Standard Feal Rad dm Ala Standard Feal Rad fm]

9=ax15’
1
La=—
25

Mark allocation
o 1 method mark for using a correct coordinate that leads to the correct answer.

SECTION 2 - Question 2 - continued
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b. The parabolic-shaped bowl is filled to the top with mousse. Find the cross-sectional
area of the mousse (both milk and dark), correct to the nearest cm?.

2 marks
Solution
79-X dx=180
[9-35 8-

I
EHH!EEI%H-H-

solvel 9=a- 15", a]

(4]

[

15
\J\ - 2S 200

-13
126

bl
20 |23
m|E|i|m| )| |%—|z|y|z|t 4-|
(mo] [-] [-n] HE

G536 =]+
limO gl:l '|'|'|:||123+_

0
D
E a1 ja.|e|an=
= IG5 |OPTN v [ERE
Alg Standard Real Fad qm]

Mark allocation
o 1 mark for stating the integral correctly.
. 1 mark for the correct answer.

SECTION 2 - Question 2 - continued
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C. The curve AB separates the dark chocolate from the milk chocolate. The equation of

the curve AB is given by y =4/6—x .
I. Find the coordinates of points A and B.

2 marks
Solution
2
. X
We need to equate y =+/6—Xx with y= 25
2
SO0 V6-Xx=—.
25
Using CAS, this gives:
&S0l | E
1 olve
D 5olve nurmerically Emﬁ%u-u-.
Equation: VE—a =a~2/25
\ariable: x2
TR S
z
snlve[x,n'—x+6 =;—5,x]
Lx=—18,x=5} || |
-mth |al:u:, cat | 20 --- mth |a|:n: cat | 20 ---
EEECEEE I%*IA’IrIzIt 4-I [ [ ]o]<[>]s Ilélxlrlzlt *|
log | 1In i 2|9 - 7|89
x2 | e 5|6 |[x]+ |J_|_||456><+
E aEEEE| e 1°9-U||_'|123+-
i 1 |- )|El E|[an= ()i} {'H_u:uha . |e||an=
TRIG | CALC JoPTH | vAR JERE|| [ cALC | ACw JoPTH] YAR JEXE
Alg Standard Real Fad qm] Alg Standard Real Rad qm]
So the coordinates are A(-10, 4) and B(5, 1).
Mark allocation
2
. . X
o 1 mark for equating y =+/6—x with y= %
o 1 mark for correctly finding both coordinates. (Must be presented as coordinates!)

ii.  Hence, write an expression that will determine the cross-sectional area of the
dark chocolate.
1 mark

Solution

f (JG——Z;J dx

-10

Mark allocation
o 1 mark for stating the derivative correctly. (Note: Students must include the brackets
and dx in their answer.)

SECTION 2 - Question 2 - continued
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iil. What is the cross-sectional area of the dark chocolate?
1 mark

Solution

I
ENF&E%H-H-

3 -
Vr JE—a - 25 25dar

-1a

27
u]

hal

mth |abc [cat | 20
EICICEIEEE I%Irlrlzlttl
C RN [7]&]=]["]=
.| h|u||.| 5|6 |[=]+

*a 'NHERE
{) {}{-HE:E“E‘ E |[an=
I:FILI:| ADY | OPTH | YAR |EXE
Ala Standard Feal Rad qm]

The area is 27 cm?.

Mark allocation
. 1 mark for the correct area.

iv. Find the ratio of milk chocolate to dark chocolate mousse in the bowl. State the
ratio in simplest form.
1 mark

Solution

The area of milk chocolate is 180 — 27= 153.
The area of dark chocolate is 27.

So the ratio is 153 : 27 or 51 : 19.

Mark allocation
o 1 mark for giving the correct simplified ratio.

SECTION 2 - Question 2 - continued
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V. It is decided that the ratio of milk chocolate to dark chocolate mousse needs to
be 1: 1. This is to be achieved by altering the amount of milk chocolate
mousse that is added. The milk chocolate mousse will still form an upper
horizontal level but will not reach to the top of the bowl. Find the new height
of the mousse in the bowl.

3 marks

Solution
Tobeinal:1ratio, we need the area of the milk chocolate mousse to equal the area of the
dark chocolate mousse, which is 27 cm?. So the total area will be 54 cm?.

Let the height of the mousse in the bowl be h.

2
: . . . X
The intersection points with the curve are at 5= h,so x=145vh.

: sy X2
Thismeans | |h—-"— |dx=54.
-5h 25

Solve using CAS:

I I
EHWF&'J%H-H- Eﬂmfﬁ%ﬂ-ﬂ-

q ®Solve
C5olve numerically
I L h-Zz dx=54, /[~
s 1 Equation:  [Femarzrzms Jfj| [ ”E{ J =54,
f h—ar "2/ 23dar =34 variable: [N | -5y 1
-sfh 3
" 1
T
= Ll

1 i
mth |abc [cat | 20 rmth |abc | cat | 20 mth [abc [cat | 20 | 3 e |

[ ceiw JMATH] SPRCE JSMELJERE]| || eefie JMATH] SPACE JSMELJERE]| || e JATH] SPACE JSHEL]JERE
Ala Standard Feal Rad fm] Ala Standard Feal Rad fm] Ala Standard Feal Rad gm]

This gives h=9%/0.09 or equivalent exact form.

Mark allocation
o 1 mark for finding terminals of x = +5vh .

o 1 mark for setting integral equal to 54.
o 1 mark for the correct answer (must be exact).
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|[ ¥ Edit Rction Interactiv

e O ] L e Y

22
solwe h=ng

N Y,

Syh P

j\ h— - dar
25
-S'h

mth |abc [cat | 20 3]

i L't Y
mth |abe [cat | 20 |EIEIE]

mth [abc [ cat | 20 ---

[x[e[d]ofc[>]; [3|aly|z]z]+|

[n]e]s]n[<]>], |>]|xly]|z|*|

Inlﬁ'ltlml(ljlsl?IIIPIZIt *

S TR (5w I
N .hglﬂ||. HHE = . luglllll.” STEIE
{} {}{DH u“E’l E ||an= (} {}{DH |:|L|E' « | E[[an=s

E[/m[7 | el
) eI K
(} {}{EIH uL|a « |E[jan=

CALC | ADY | OPTH | VAR |EXE
Ala Standard Feal Rad qm]

CALC | ADY |OPTH | WAR |EXE
Ala Standard Real Rad qm]

I:FILEl ARY | OPTH | YAR |EXE

Ala Standard Feal Rad qm]

Check:

| W Edit Action Interactive :

Y I e P | l

|  Edit Action Interactive (i

] T e vlﬁc{vl B

1sa-|

—5\.|"h_

R

1@@3

20

mth |abc [cat | 20 ---

[E3 1 1 Y Y P £ P S

IHIEI*IWI<I>|s I%*III-VIEE*I
H S

A WE BEE S E AN IWE BOEEE
L m hg.l]| |.I Bl E o lug.I]||I|| =Tz
O {H{s {58 E|[zrs ”{}{-Hﬁuua e l[zn=
TALC | ADY OPTH v [ERE TALC | ALY |OPTN] VAR [ERE

Ala Standard Feal Fad gmn]

Ala Standard Feal Fad gm]
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d. The volume of mousse in the bowl is given by V = ﬁh“, where h is the height of

the mousse, in cm.
Chocolate mousse is added to the bowl as a liquid and is poured into the bowl at a rate
of 5 cm® per minute. Find the rate at which the height of the chocolate mousse is

increasing when the volume is % cm?®.

3 marks

Solution
This is a related rates question.

v dh o
We have — =5 and we want ot when v_@.

. . . T T
Using the equation given of V = ————h* when V = —=—, we have h=%/5.
g q g 3125 625 \/_

We make use of the rate equation an = d—Vxﬂ.
dt dt dv

To get ﬂ we differentiate V = ——h* with respect to h, giving us v _ A7 s
dv 3125 dh 3125

N dh 3125
This gives FIYARE

dh_dv , dh
S0 4t = dt “av

3125

=5
8 47hd

SECTION 2 - Question 2 - continued
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When h=4/5, this gives:

| W Edit Action Interactive :

-Exnll;_ﬂrld AvlAA l

31z5 -
4::(4\,{_)*3
15625
1
4-125% .1
]

-
zr |EEIE]
E |'5'| EIHEE |%’|I|Y|f|t:|

S [/m[%e ] T2
< 1w-ﬂllill EDE
() {}{l:lHEu“El E ||an=

CALC | ACY | OPTH | VAR |EXE
Ala Standard Feal Fad gmn]

dh 15625 :
S =———— cm/min

dt 74 4125

Mark allocation

o 1 mark for finding the value of h.

o 1 mark for setting up the rate equation correctly.
o 1 mark for the correct answer.

Total = 14 marks

SECTION 2 - continued
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Question 3
Let f:[0,75]—> R, f(x)=5+a sin(bx).
The graph of y = f(x) is shown below.

L
S~

i
ih

-10

a. i. State the value of a.

Solution
a is the amplitude; so a = 10.

Mark allocation
o 1 mark for giving the correct amplitude.

ii State the period and, hence, show that b = %

Solution
Period = 60; so 2—”:60, wheren="=.
n 30
Therefore, b = z
30
Mark allocation
o 1 mark for giving the correct period.
o 1 mark for equation leading to b = %
b. State the interval of values for which the graph of f is strictly decreasing.

1 mark

2 marks

1 mark

SECTION 2 - Question 3 - continued
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Solution
The function is strictly decreasing from the maximum to the minimum turning point.
The maximum is at x = 15 and the minimum is at x = 45, so the graph is decreasing for

x € [15,45] .

Mark allocation
° 1 mark for the correct answer.

C. Let g:R—>R, g(x) =|X
I. Find the rule for g(f(x)).
1 mark

Solution

9(1 (%)= i

5+105in(”xj

Mark allocation
. 1 mark for the correct answer.

ii. On the axes of the graph above, sketch the graph of y = g(f(x)), labelling

endpoints as coordinates.
2 marks

Solution

15
/ \ (75, 15)

10 \

WEBYAY,

LN

1
Ln

-10

Mark allocation
o 1 mark for labelling endpoints correctly.
o 1 mark for graph drawn correctly with cusps.

SECTION 2 - Question 3 - continued
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Let h(x) be the derivative of g(f(x)) with respect to x.

iii. Sketch the graph of h(x) on the axes provided below. Label endpoints as
coordinates, correct to 2 decimal places.

|.H.I

>
1|5 30 45 Wl fjs an x
2 marks
Solution
:":
_:.n'
4
3
(0,1.09) (35.091) (55,091,
1 \ EJ\ (60, |1 %\
T 1 ) 4 50 b g x
-1
e 19
q (35. -0.91) (55, -0.91)
37
Mark allocation
o 1 mark for shape and showing three parts of graph.
o 1 mark for labelling open endpoints and endpoints correctly.

SECTION 2 - Question 3 - continued
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Tip

Differentiate the function as a hybrid function.

5+10sin , X€[0,35]u[b5,75]
30

f(x)=

5- 1Osm(7§8(j, X [35,55]

T X
3cos( 30} X & (0,35) U (55, 75)

This gives f'(x)=

j, X & (35,55)

Now use CAS to sketch the derivative function as a hybrid function.

W Edit Zoom Analysiz # IZI'
EMF&T%H-H-
4 [5+1|a sln[ ]IEKx{SSIr =
E-DS[ e ]'J‘[
3

o

-
20 mth [abc | cat | 20 |EIEIE]
InIE'IvI |<I>|s|%|rlr|zlt:| EECCEEE I%lerlzlttl -
BB R HEEEE HHEBRAR HEBEEE
"#I£n||456><+ "#I£n||456><+ afith -l
an b.-. |§|123+— an |:-.-. |§|123+—

rSlvUEl . Je][ans rSlvUE‘ . Je][ans -3

|:H|_|:| FID'-.-' | & | vAR JERE |::|=||_|:| FID'«-' | = | vAr JERE E
Alg Standard Real Fad qm] Ala Standard Real Fad qm] Fad Real (]
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The newly elected State government is proposing to build a man-made river through a
national park. One proposal from an architectural firm has the man-made river weaving a
path as shown in the diagram below. The equation of the path of the river is given by

_ in[ 7%
y_5+203|n( 30 j

Two towns, Oscillatown and Periodia, are marked on the map. All distances are in kilometres.

e
e d -\-‘\ "'\\
20 [ AN /[ AN
f l\\ _.-'llll Y
13 £ 3
" / Y Periodia (80, 5)
T \ ] (W
5 . ) P \
w0 30, 45 /6 75 g0l X
B Oseill 7 N
4 b r '\._ f 3
10 SCLLATIWTL \-. ,."'l ‘
1o .
kY
= look out tower

d. The plan includes the idea of building a straight road that must pass through
Oscillatown and Periodia. What will be the length of the road, which will be built to
the north of the river between Oscillatown and Periodia? Give your answer to
2 decimal places.

2 marks

Solution

Equation of the line joining the towns is y = % :

Using CAS, this can be found using the statistics menu and finding linreg.

[[%r Edit Calc SetGraph |Z|| ] Eil|@ll Stat Calculation E3i
T T T Linear Reg Linear Reg
Gl PO MRTETEED]| [ trer e I 7 pieer Sep
snlve[5+18-5|ntﬁj=alﬁéb = E = S 5. BeTs
ist: =d.
=35, x=55) Vlist:  [lists =1E 1 |B =
d[ .[n-x] Frea: T T=1f - =
——| —L5+28- 5in| == |1 | 3Tz i E 2 =1
dar L Copy Formula: off  [+] MSe =
—2-505[%]-1 Copy Residual: [~

3

— —
li=tl 1i5t2\§ li=t3 |
1 26
2 o] 5]
3 ]
i)
alk e
4 [
C —
Fad Auto Standard  om] | |Rad Auto Standard @ | |[Red Aute Standard  dmg
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Or, alternatively, this can be found by hand.

Gradient of OP :izi S0y
80

16

We need to find the points of intersection. This can be done by solving the two equations.

[ Edit Action Interactive i

ENEEI%H-H-

L e

{x——126 TEE2445, x=—04. 0
_
snl'u'e[5+212l sln[ =3 ] 16"

{x=—126. TEEZ445, x=—04. 5
snlve[5+213 5II'|[ X

@

38 ] STAA
44, x=31. 45429432, x=59. 3

mth |abc [cat | 20
|

[n]e]#]o |<|>|s|%|rlr|z|t<-
[ <[]z l7e]=]["[=]
“Tal1 < n]-[4]5]8][=]=
an | bn [ ]z]=]+]-

rSlv|§JE‘ . Je][ans
TRIG|I3FILI3| YAR JEXE
Alg Standard Real Fad qm]

The curves intersect at x =

31.454 and x = 59.384.

W Edit Zoom Analysis # IZII

Sheetl | Sheet? | Sheetld | 4 i 4

D:,-E—z n- c.nsl = J’[

W Edit Zoom Analysis # IZII
Sheetl | Sheet? | Sheetd 1i}

E|-_-,-5—2 n- c.-:usl = J’[

3z ]
Bue= 2 — e —
=1 *=1e
Ow7:=0 O%7:0
OwE:-0 Ows:- 0
Mdua-n0 ImP=E=]
TE]
g
-3 +___

.:EII:;=31 45429 ='II;I
Wl=5+2E - sinin- xS 30, W E

Fad Feal ]

ersect
.:E'Illlc, =39, 3843?}-. P 3 ?115232

Fad Feal @I

|:,'1 S+2E sint e xS 380, E

Using the distance option

is the equation between the two towns.

under G-solve, the distance can be found:

1 Enter Walue Eillmi Enter Walue B V Edit Zoom Analwsis # IZII
[- x1:)2U = [- x1:|21.454 = ﬁﬂﬁri—
iz w1:[1.986 Sheetl [ Sheet? | Sheet3 |4k
x2: x2:[59. 354 Q5= 271" CDS[ = J
{ w2: Ml |H »2:12.7119 ] 2
{ 4| |[d | ||Ewe=—2
T
| || |[Ow7-0
Ok C 1 1 Ok [ 1 L) O=2:-0
O.8:0
mth [abe [cat [ 20 |EIEIE]| [(mth[abe [cat [ 20 |EIEIE] 8

EEIBE Iﬂli'lslélrlrlzlt 4'|

[n]8]w I(I>Isl*lxlrlz|t *'I

log | I EE log | I AE e
x2 | e sle =]+ x2 | ™ Slell=[+ _B_r'

L 3 2[2F)[+- £ + 212 |+]- / E /Distance
L h| i E ||ans L ] : ans -1

TRIG JCALC |OF'TN '-.-'FIR EXE TRIG | CALC |CIF'TN '-.-'FIFE EXE [=27.92442921579

Fad Real cim] Fad Real o Rad Real = dm]

Therefore, the length of road joining the two towns and is north of the river will be 27.98 km.
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Mark allocation

o 1 mark for finding the coordinates of the points of intersection.
o 1 mark for the finding the correct distance.
e. The State government has rejected this proposal, stating that sightseers will not get to

see the river adequately. Instead, it requests that the river follows a similar model but
that it weave through at least three complete cycles before passing by the lookout
tower at point (45, -15).

The rule for the equation of the river’s path in the new proposal is
y =5+ 20sin(kx) .

Find the smallest value of k that meets the new requirements.
2 marks

Solution
The lookout tower is % of the way through the cycle. So, to have completed three full cycles
and then pass the lookout tower means that we want 3% of the period to equal 45 km.

I I
e 1 Vil (e I | S ] (P =i I EX

d Mz e d e e
[5+1E1-5|n[—3'a ]IEKx{SSIr [5+1@ 5"-'[_313 ]IE1<x<35lr

dx dx

GDS[H]-H GDS[H]-K
jels] jejs]

3 3
df_ coin| A df_| oin|
dx[ [5+1E1 Sln[_BEi ] | 35ak dx[ [5+1EI Sln[_SEi ]]|35<:b

—c.u:-s[ =1 ] s
jels)

3
solvel 2. 75 x=45,x)

D

{x=12}

Ala Standard Feal Rad qm] Ala Standard Feal Fad gm]

So, period is 12.
Therefore, 2—” =12, k = z .
k 6

Mark allocation
o 1 mark for working with 3% cycles.

° 1 mark for answer of k = %

Total = 13 marks
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Question 4

Let f:[0,5]— R, where f(x)=2e%*-1.

a. Sketch the graph of y = f(x) on the axes provided below. Label any asymptotes with
their equations and the endpoints as exact coordinates.

&

2 marks

Solution

(5 Dl _1)

S =/

f
7
2
(0,11) =
N Esympiote aty=0 T x

Mark allocation
o 1 mark for the shape.
o 1 mark for labelling endpoints and the asymptote correctly.
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b. State the range of the function f(x).
1 mark

Solution

[1, 2™ 1]

Mark allocation
. 1 mark for the correct answer.

The function f(x) forms part of an obstacle in a computer game. The aim of the computer

game is to jump ‘Bruno’, the character in the game, over the obstacles and off to safety before
‘Borat’, the enemy character, can attack him. The complete obstacle is illustrated below. All
measurements are in centimetres.

The obstacle is symmetrical about the line x = 5, with the equation of y = g(x) being a
‘mirror image’ of f(x).

C. State the transformations to produce y = g(x) from y = f(x).
2 marks

Solution
Reflection occurs in the y-axis.
Translation to the right of 10 units.

Mark allocation
o 1 mark for stating reflection correctly.
o 1 mark for stating translation correctly.
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When Bruno jumps, he jumps according to the rule y = 20 —ax”.
Find the values of a, correct to 4 decimal places, that would see Bruno

d. land on the left side of the obstacle.
2 marks

Solution
The right-most point on this part of the obstacle occurs at (5, 2™ —1), so let the curve with
the equation y = 20— ax® pass through this.

I
e O ] T i I EY

solvelz-el-F-1=26-2.52, Hf&
{a=0. 4214645744}
D

b
mth [abc [ cat | 20

alblc|d[e o] [z ][]
Flg[h|[i|F |
k|I|m|n|le gzx:
a2 |g|F|5|F

] B P 2|2+~
q‘*‘lxyz . |E||an=
[ TRIG JoALC JorTH] & JEE

Ala Decimal  Feal Rad g

So, a [0.4815, «].

Mark allocation
. 1 mark for substituting in (5, 2e*° -1).
o 1 mark for finding the correct interval of values.
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e. jump completely over the obstacle.
2 marks

Solution
To completely clear the obstacle, the curve needs to pass to the right of point (10, 1).
Therefore, substitute (10, 1) into the equation and solve for a.

I
EHH!F&'J%H-H-

{F—z-e2 21
3125 3125
solvel 2. &1+ 9-1=0p-5.57,

{a=3.851?189955-3

sn:rlve[ 18=20-5-1 2 ’ a]
{a=183}

had
mth |abc [cat | 20 EE=]
EICICEIEEE Ii‘lrl-vlzlt 4'|

-|r|_||?89

] Ing |]|| : S|e|[=]+
1 NHERE
() {}{DHE:E“B E ||ans
CALC | ADY | OPTH | VAR |EXE
Ala Decimal Feal Rad gm]

So, a€[0,10].
Mark allocation

o 1 mark for substituting in (10, 1).
o 1 mark for finding the correct interval of values.

When the computer game player hits the ‘random’ button, Bruno jumps so that his basic

equation y = 20— x* is transformed according to a randomly selected matrix. On one

. . .. 102 0
particular occasion, the matrix is 0 .

0.9
f. Find the equation of the transformed jump.
2 marks
Solution
X!
X'=02x| X775
= "
y'=0.9y y = y
0.9
! Xl 2
— 920 — y2 — 20—
So y=20-x" becomes 9 20 (O.ZJ :

2

So y=09[20- *
0.04

] or y=18-225x*.
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Mark allocation

o 1 mark for constructing the transposed version of x and y:
X!
X' =0.2x =02
= "
y'=09y) _ Y
0.9
o 1 mark for stating final equation.

k 0
In general, the random matrix is described by {0 0 9}, k > 0. This matrix transforms the

basic equation y = 20 — x> whenever the random button is pressed.

g. Bruno needs to clear the obstacle and must start his jump from the left side of the
obstacle. Find the closest distance he can stand to commence his jump and clear the
obstacle when affected by the general random matrix.

2 marks

Solution
General equation for the transformed equation is:

x=2
X" =kx . "k
y'=09y] ", _ Y
0.9
yl X/ 2 9X2
So y=20-x* becomes —:20—(—j or y=18———.
0.9 k 10k

To clear the obstacle, Bruno must pass to the right of point (10, 1).
So use CAS to substitute these values into the general equation:

[ Edit Action Interactive i

ENEEI%H-H-

[ Edit Action Interactive !

EW&I%H-H-

snlvel.2-el':'—1=2la—a-5:', * solve] Ia=15— lalkz ;KJ
{a=3'851?2189955'3} {k=—@. 33541 B1966, k=8, 32
solvel 16=28-3-12, 5] 5
{a=187} 501ve[1El=1El— = ,k]
.9/, 84 18-k
22.5 {k -34S L3 \.."_}
1E=1 G 2 Tz 'Y zZ@
1@=k u] -
w--- mth |abe [cat | 20 |EEEE]
EEIHEEEE I?Irl-vlzlt 4'| EEIHOEEE I*IHIPIZIt *'I
] él? AE - = I EIE
||
.H_' 5 (e |[=[= ':.'|“."_|“"_ s[E (==
l"*‘l']||'|123 A= | LE 1L1=‘-']||_'| AEOE
{) {}{DHE:E“E‘ El|lans {) {}{EIH “ . |el|lan=
cALC | Aoy JorTH] VAR [EXE|| [TALc | Aoy JorTH] var [ERE
Ala Decirmal  Real Rad qm] Ala Standard Real Rad gmg
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2
Soﬁl<:%%?,ﬂmn y-18-— X ____18-8x.

0 [3J§]
20

Therefore, the x-intercepts of y =18 —8x” occurs at 18 —8x* =0.

| W Edit Action Interactive :

R I e P | l

9‘

D980

SD].'-.-'E'[IB —g- 12=El,x:]
.
2z |

O b
zv |BEIE]

zlefelol o], |slalyl=le] 4'I

Em T

5 e
=T oo o) £

() {}{EHE:E“B E||ans
I:FILI:| ACY | OPTH | VAR |EXE
Ala Standard Feal Fad gmn]

So the closest Bruno can stand and still clear the obstacle is 1.5 cm to its left.

Mark allocation
o 1 mark for obtaining the general equation of the transformed curve.

° 1 mark for the final answer.

Total =

END OF WORKED SOLUTIONS BOOK
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