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CALCULATOR-FREE

Section One: Calculator-free
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MATHEMATICS 3C/3D

(48 Marks)

This section has eight (8) questions. Answel all questions, Write your answers in the spaces

provided.

Working time for this section is 50 minuies.
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Question 2
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CALCULATOR-FREE 5 MATHEMATICS 3C/3D
CGuiestion 3 (5 marks)
Two independent events A and B are such that P(A}=0.9 and P{B}=
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{7 marks}

Question 4

1
Two functions are defined as f{xj= Ji-1and glx)= 71
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CALCULATOR-FREE 7
Question 5
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CALCULATOR-FREE 9 MATHEMATICS 3C/3D

Question 7 {4 marks)
The region in the first quadrant bounded by x=0, y=0 and y=1 _% is rotated 360° about the
y -axs. If x and y are distances reasured i
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MATHEMATICS 3C/3D 10
Question 8 {6 marlks)
The variables k and m are both integers such that m +3=2k .

(2 marks)

Use counter-examples to disprove two of the three conjectures listed below.
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CALCULATOR-ASSUMED 3 MATHEMATICS 3C/3D

Section Twe: Calculator-assumed {80 Marks)

This section has twelve {12) questions. Answer all gquestions. Write your answers in the spaces
provided.

Working time for this section is 100 minutes.

QGuestion 9 {5 marks)

In a production facility, the iengihs of motal rods are recorded to the nearest 5 mm. The rounding
arror, E mm, is the difference of the actual rod tength minus the reunded fength and is uniformly

distributed between -2.5 mm and 2.5 mm.

(z)  State the probability density function for £ (2 marks)
) l —25<x<25
flxy=¢5
0 Eisewhere
(n)  Determine
i PE=1 {1 mark)
{1 mark)

iy PE>-15]E<2)
2771.5&55
2_ 25 45 9

{c}  Whatls the probability that a randomiy chosen rod with a recorded length of 135 mm has
a real length of a least 136 mm? {1 mark)

Sea next page

" Question 19

MATHEMATICS 3C/3D 4 CALCULATOR-ASSUMED

{6 marks)

From an analysis of the median house price {M} in a city on July { each year from 1980 until

2010, it was observed thal %%:G.OT‘FQM _where ¢ is the time in years since July 1 1980,
af

{8)  According to this model, how long did it take for house prices o double? (2 marks)

-0.0772

M = Mye
5 26_0 U772

f=8.98 years

#t was also observed that the madian house price was $440 000 in 2008.
?

{b}  What was fhe instantaneous rate of change of the median house prics at this time
{1 mark}

440000 x0.0772 =$33968 per year

(¢}  What was the median house price in 1988, to the nearest thousand doliars? (2 marks}

M = 440000077
- 440000(“‘0”?{/‘2") M, = 50 Y

=593951
=§8406G0

d 20087

(dy  What was the average rate of change of the median house price between 1988 an
{1 mark}

4000094000 17500 po y”}

See next page



CALCULATOR-ASSUMED 5 MATHEMATICS 3C/3D

CGuestion 1 {6 marks)

Oil is poured onto the surface of a large tank of water at a rate of 0.7 om® per second. it gpreads
out ot the suriace Lo form a circular slick of uniform thickness 1.5 mm which can be modelled by

a thin cylindrical shape.

{a) At what rate is the radius of the slick increasing one minute after pouring began?
{4 marks)

I
VO,, w= e h

=0.157217 B0x07 =0.15m° = r=5441

=0.37(9.441)
= 8.808

dr _dr dv.
dr 4V dr

x 0.7

5898
=(.0787 cm per second

{5y Usethe incremental formuia or = L;—‘anx to astimate the time the slick will take to increase
ax

in radius from 55 ¢m to 55.5 cm. {2 marks)
av = Wsar
dr

=0.3x(55)x0.5
=259 cm’

& =259+07
=~ 37 seconds

SR

See next page
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Question 12 {7 marks)

A drink company make a fresh fruit drink avery day using a combination of appies and pears. The
recipe requires that the weight of apples must be no more than twice that of pears and at the
same fime the weight of the pears togsther with twice the weight of apples must be at least
160kg. Daily supplies are timited to 100kq of apples and 90kg of pears.

with « representing the weight of apples used and v tha weight of pears, the teasible region for
this information is shown on the graph below.

v

120+

D{35, 90) G{190, 80)

8ot

B(100, 50}

40 ' 80 120 ‘ x

From a practical point of view, the company have another constraint such that twice the welght of
he apples added to three times the weight of pears must be at least 280kg.

{a}  Add this fifth constraint to the graph above and clearly tabel the verticas of the new
feasible region. {3 marks)

Add 20 +3v2280.

Intersects with v=05x at {84 40}

intersacts with 2x + v=160 at (50, 60)

(b} it the price of apples is $1.80 per kg and pears $2.20 per kg, find the minimum daily cost
of fruit whilst satisfying atl the above constraints. (2 marks)

D(35, 80) costis $261
E(50, 60) cost is $222
F(80, ¢0) cost is $232

Minimum cost is $222.

See next page
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{e)

MATHEMATICS 3C/3D

Consider the siluation where the price of apples fall to $1.70 per kg but the price of pears

jell considerably more. Given that the vertex in part (b}
would be the minimum price of pears on this day?

stil yielded the minimum cost, what
(2 marks}

Cost will be equat at both £ and E.

A53x1.7 + 80k =50x1.7 + 60k
30k =265
k=085

Minimum price will be $0.85

See next page
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Cuestion 13 (5 marks)

Two functions are defined by f(x) =" and glx)=¢""".

(a) Describe, in order, the transformations which must be applied to the graph of /(x) 0
abtain the graph of g{x). (2 marks)

1. Translate 1 unit to the leit

2. Raflect in the y-axis and dilate horizontally by a
scale factor of 1/2.

(b}  Dstermine the domain and range of gtfix). (3 marks)

Domain: x= fz_

Range: < y<e
Yoo fly)-res  gixr—e =0

r-3-m  f(x)—=0 gl e

See next page



CALCULATOR-ASSUMED 9 MATHEMATICS 3C/3D

Question 14 (5 marks)

A cubica! six-sided dice is known to be biased. It is throw
noted. This experiment is then repeated 200 times in all and the resut

n 3 times and the number of sixes is
ts are shown in the table.

Number of sixes 0 1 2 3
Frequency 67 93 3 | 7
{a}l  Whatis the mean number of sixes? {1 mark)
¥=09
(1t mark)

{b}  What is the probability of abtaining a six when this dice is thrown?

# ¥ Is the random variable 'number of sixes in 3 throws of the dice’,

then assume thal X - Bing3, p). X =up andso p 59:'3_9“-;0_3

{¢}  Use a suitable binomial distribuion 1o calculate the theoretical frequency distribution for
the number of sixes in 200 such experiments and comment on how well your distribution

models the experimental resulis above. (3 marks}

# X - Bin3,0.3) then

200x P(X =0)=200x0.343 = 68.6
200% P(X =1)=200x0.441=882
200x P(X =2)=200x0.189=37.8
200x P(X =3)=200x0.027 =54

The experimental and theoretical frequencies are very close
to sach other, suggesting thal the use of the binomial
medet X -~ Bin(3,0.3) is appropriate.

See next page
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Question 15 (8 marks)

(z)  Ateam of 3 students is chosen alt random from a group of 4 girls and 5 boys for a v

game show. Whatis the probability that the team chosen congists of more hoys than gitls?
{2 marks}

25 s
= ST

e one of four closed doors. The doors then open (o
nd just ane of them, The team keep the prize if they
y 50 that the probabiity of

{3 marks}

{b)  Inoneof the games, the team choos
reveal a prize placed at random behi
are correct. How many rounds of this game must the feam pla
them obiaining at laast one prize is greater than 0.857

P(At least 1 prize)=1-P{No prizes}
1[§—] >0.85
4

nzi04
Must play at lsast 11 rounds.

{c} Al the close of the show, the team can selact one of two boxes to keep as another prize.
Inside each of Ihe boxes are five sealed envelopes, each containing a voucher. In ong of
the boxes, four of the vouchers are worth $10 000 and the fifth $100, whilst in the othar
box two of the vouchers are worth $10 000 and the other ihree, $100 gach.

The team is allowed to choose an envalope from one of the boxes and cpen it. They must
then decide whetner 1o keep that box or choose the other one, The team plan to keep the
hox that the envelope they opened came from if it contains a $10 000 voucher. Otherwise
they will take the other box.

What is the probability that the team wins more than $30 0007 {3 marks)

Lot event A be choose box with four $10 000 vouchers and event V be open
snvelopa with a $10 000 vousher inside. We need P(AN VY+P(ANVY.

v

[
3/A<:

< o
1 2\

Nl

P(AﬁV)-a—!’(ﬁﬁf):%xi+-mx4=—n

See pext page
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Question 16 {7 marks})
The velocity wie) ms™ of a body moving aiong a straight track after « seconds, is given by

2

u(r):t +2rj;§—§, 120

(r+1)

(a) Find the acceleration of the body after 4 seconds. (1 mark)
:'/
W
{1 mark)

(b} Explain why the body is never stationary over the given domain,

The numerator of (1) has no real roots and so the
veloaity of the body can never be 0. X /-'
¥

y ftom a fixed point on the track and x(1)=5

(¢} I x{n misthe displacement of the bod
{2 marks)

determine x{4}.

4
xtd) = x{T) + j w(r)dr

1 7
=5+3.6 kY

=8.6

. Determine the value

(¢}  The average speed of the body over the first T seconds is 1.2 ms’
{3 marks}

of T.

T .

J.v(r}d! ’vf

S =12
T

See next page
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Question 17 {11 marks})

A boltling machine fills bottles of water.
random variable with 2 mean of 391 mL

The conient, X mL, of the bottles is a normally distributed
and a standard deviation of 8.15 mL. '

It is known that 1 out of every 200 bottles that the machine fills has less than the stated contents
on the bottle label.

24 bottles are packed in a carion and 48 cartons are toaded onto a shipping paliet.

(a) Whatis the probability that a bottie containg more than 375 mL of water? {1 mark}
¥ ~ N(391,8.15%)
P(X »375)= 09752
“xf/
{2 marks)

{b)  What are the stated contents on tha botile iabel?

PX <k)=0005 |
£ =370.0 mbL

{c)  Whatis the probability that a carton does not contain any hottles with less than the stated
contents? (2 marks)

C - B(24,0.005) v
P(C =0)=0.8867

See next page
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CALCULATOR-ASSUMED 13
() Whatlis the probability that a pallet contains at teast one bottle with less than the stated
contents? 7 (2 marks)
i

1-0.8867% =1-0.0031
= 0.9968

{e) The bottiing company randomiy choose a pailet from the stockyard. The mean content of

all the bottles from this pallet is 389.9 mL.

)] Construct a 90% confidence interval for the mean content of all bottles. (3 marks)

[ S
n=24x48
=1152 bottles

389.9x1 .545#841i

Jiis2 v
~389.940.395 '
-(389.5, 300.3) i

{iiy Should the interval be of concerm to the bottling company? {1 marl¢}

\ /" Yes. The interval does not come close to containing
Y the accepted plant mean of 391 and so under fitling
may be commonglace.

See next page
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Question 18 (5 marks}

The diagonals AG and BD of a guadrilateral ABCD intersect at O.

jva)

Not to scale

" C

fOA=3cm, OB=15cm, AC=8cm and BD = 24 cm, prove that AD is paraliel {0 BC.

(i) OC=8-3=5 cm and oD=24-15=9 ¢cm

{ih CoAD is similar to COCE
becauss of two pairs of sides in same ralio and included angle equal. v

OA-——'?"OC
5

OD=EOB
5

LACD = LC0D

v

{iiiy £OAD = LOCB (corresponding angles in simitar triangies} -V."

{iv) £LCAD = ZACD
and so AD is parallel to BG as alternate angles are equal.

See next page



CALCULATOR-ASSUMED 15 MATHEMATICS 3C/3D

Question 19 {8 marks)

Afunction f(x) has derivative given by [(x) =3x% ~16x+5.
Another function g(x)=20~8x is a tangentto F{x) in the first quadrant.
Sketch the curves f(x) and géx), showing the exact coordinates of alt axis-intercepts, turning
points and points of inflaction.
))
404

/‘J v
by A 3

Y
Max (1/3, 400/27}

f(.t)zx?' _gy® +5x+c e

3¢ ~tex-5= 8 when =1 Of 221910

e

g =12z first quacirant, g(13/3)= -44 ] 3 = not first quadrant.

fi)=12=pc=14
Flay=a® =827 +5x+ 1455 y-intarcapt at (0, 14)
Flar= (x+Tx -2} (x—7)=> roots at -1,0) (2,0 and (7,03

3¢ _16x+5=0 when x=1/3 of x=5
Max at {1/3, 400/27) and min at (5, -36).

Fray=6x—16
=0 when x=8/3= Ptof inflection at (8/3, -286/27)

e e

2{x) has axis-intercepts at {0, 20}y and (2.5, 0)
L

Ses next page
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Question 20

A teacher introduced the following probability exp

A B, C,DandEare thoroughly shuffled

16 CALCULATOR-ASSUMED

(7 marks)

eriment to her class. Five cards with the letters
and then the letter on the top sard noted. This irial is

repeated a total of 20 Himes to complete the experiment.

Let X be the random variable 'the numb
experiment’.

Exptain why
distribution which X follows.

{a)

X - Bingzo,%})

()  Find PO< X £4}.

[
¥ is a drv because:

it can only take specific integer values
the associated probability distribution sums 1o 1

or of times the card with the letter A is drawn in one

¥ is a discrete random variable, and state the parameters of the binomial

(2 marks}

-
£
s A

(1 mark)

l Pi<X <4)=06181 ‘ J

(cy Alarge number of students each

share with their class the mean of
means of the students’ exparimen

carry ouf the expstiment above i times and then they

their & experiments, X . If approximately 90% of the

ts are jess than 4.364, use the ceniral limit thecrem 10
(4 marks}

estimate k.
U
np=206x0.2=4 ;
e, (i~ p)=20202% 8=32 “f
o 3.
¥~ N(4,i) by CLT
1={1) ¢
e TR .
or {2~ N(0,%) then P(Z <1282~ 09 v
B Given P(X <4.384)=059
_ii% -
=l ) 43544 4 og0 I
e E 3;2_ ’x//
. y
3 k=4194 _
R s g d2 /
.. R
- -1 kL
. . = \‘a(

End of gquestions



