SEMESTER TWO EXAMINATION 3 MATHEMATICS 3C3D
SECTION ONE CALCULATOR FREE
Section One: Caleulator-free (40 Marks)

This section has eight {8) questions. Answer all questions. Write your answers in the space
provided.

Spare pages are included at the end of this booklet. They can be used for planning your responses

and/or as additional space if required 1o continue an answer.

+ Planning: If you use the spare pages for planning, indicate this clearly at the top of the page.

« Continuing an answer: If you nieed 1o use the space to continue an answer, indicate in the
original answer space where the answer i5 continued, L.e. give the page mmber. Fill in the
number of the question(s) that you are continuing te answer at the top of the page.

Suggested working time for this section is 50 minutes.

Question 1 (6 marks)
For the functions f{x)=e"" and g(x) =T}=, determine
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Question 3 (5 marks)

A standard normal score of 1.28 is such that P{0 <z <1.28)=0.4
Use this information t¢ determine:

@ PO<z<128] z<i28) (2 marks)
Plozz <138) _ 0.4
Plz <1.28)

H
7.4 §

(b)  an 80% confidence intervat for an observation from a normat (1 mazk)
population with mean 59 and standard deviation 19.
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(€}  an 80% confidence interval for the mean of any sample of size 64 {2 marks)
taken from any populztion of mean 50 and standard deviation 19.
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Question 2

Differentiate the following:
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(6 marks)
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Question 4

Determine the following integrals;
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I{e” —c"’)z dx
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Question 7
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Qu—z—éj-}»:;: 7

Zl-rég-r 2=~ I
g

44
"I

N .

'MSj’:y
n-y =S
by = -4
y: -l

=2
M
I

See next page

v &

MATHEMATICS 3C/3D
CALCULATOR FREE

{3 marks})

af 253
-3 S
2, ,:4—

1
]
!
|
!
|
!

MATHEMATICS 303D 3 SEMESTER TWO EXAMENATION
CALCULATOR-FREE
Question 6 (6 marks)
(a)  Ateageniisdrawnto thecurve p= Jx at the point (4,2} (2 marks)
What is the equation of this tangent?
. L oL L
— T fﬁ-oltﬂ.rj " %
ax 2.0
=L
N + )
®) Calculate the area enclosed by this tangent, the curve y= J¥ and the (3 marks)

y-axis.
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(¢)  Write down the integral, or integrals, that you would use to ezlculate (1 mark)

the volume of the selid of revolution formed when the area in part (b)
is revolved through 3607 around the x-axis.
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Queestion 3 {3 marls)

A function f'(x) is defined by f(0) =

2) Write an expression for /"(x) in len'ns of @ and & aid undertake any cbvicus

bl for constants a and 3.

simplifications. {2 marks)
,jf_“) - (5\_4--,5), W - (aﬂl.'f‘ !)r
{n 1—5)"’
= atrt+ab - et~
(A+b)v

- ab~ | p
b)Y :

(b) Verifythat @ =3 and b=1 lead to thetesult F(D) = f{0)=2. (1 mark)

3 1o
a’ 1 T
{e) Give two general observations abous the slope of ¥ = f(x) when a=3 and &=1.
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SECTION TWOQ CALCILATOR ASSUMED
Sectlor Two: Caleutator-assamed {80 Marks)

This section has thirteen {13) questions. Answer all questions. Write your answers in the space
provided.

Spare pages are included at the end of this booklet. They can be used for planning your responses

andfor as additional space if tequired to continue an answer,

e Planning: If you use the spare pages for planning, indicate this clearly at the top of the page.

+ Continuing an answer: If you need to use the space 1o continue an answer, indicate in the
original answey space where the angwer is continued, i.e. give the page number. Fill in the
number of the question(s) that you are continuing to answer at the top of the page.

Suggested working time for this section is 100 mimutes.

Question 9 (5 marks)
A Hilbert number 5, is an integer of the form 4u +1 where n is a positive integer.
{a) Which Hilbert number corresponds 1o n=77 {1 mark)
’ Ed
be7e = 29
(b) Is 29 a Hilbert number? Is 1117 (1 mark)

11d £ oy Mz e +23
bd e lenr] - Ve o

(¢) Prove that the product of any two (different} Hilbert numbers is itsel{ a Hilbert number.
(3 marks)
Y
Hoall = (L{-n ) mt )
ol Ndmey
= bt Bay Hmt ]

= L%(L}nmv—rh'}'m) "L}
Wlat‘cgur./a H—t]!:,u—'f‘ Sinet. W g nim Lc

an m-kj-u’“ .

See next page

SEMESTER TWO EXAMINATION 5 MATHEMATICS 3¢/3D
SECTION TWO CALCULATOR ASSUMED
b
()  Sitow clearly that the volume of this tablet is given by ¥ =127 (2 marks)
El
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3
¢ T 2 o+ A
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N HTe™ + wye? -

The whlet is designed to dissolve at 2 constant rate of 10 mm’ per minute.

{b)  Determine the rate at whick the radius » is changing when the radius is

2.5 mm. (3 mark)
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{¢)  Whatis the rate at which the surface area is changing when the radius is
2.5 mm?
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Question 10 (5 marks)

Two cvents f and & are such that P(d | B) = 0.6 and P{ANB) =0.24

Evaluate;

(% mark)

@ P& 0.4 0.3

| °l) Plz) =0 b

: () P(B]4) whon A and B are independent events (1 mark)
-gf,a,) - p(g) 2 0.y
’ @  PB|d) when PLAUE}=08 {5 murks)

pvs) = Pla)s P(8) - Plons)
| 0.8 = P[A) oy~ 0y
p(,q—) - 0.b4

. M,) 01*—} = 3 or 0.375

S——

o bl 3

Question 11 {8 marks}

A pharmaceutical compasny is triafling a new anti-biotic tablet that is made in the shape ofa
cylinder with hemispherical ends. The cylindrical section has radius r and length equal to 2r,
the diameter of the hemispheres.

2r
—
2r
See next page
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Question 12 (4 marks)

An economics model once trialled by the Department of Treasury and Finance in Canberra
calculated the atnual inflation rate f{x) based on the GST rate x3%,

9

‘The margiral inflation rate was defined as 7'(x) =

(a) Use the incremental technigue &y = %" &x to estimate the change in the mnual inflation
iy

rate if the GST was increased from 995 to 9.5% {1 mark)

$T = T'h) &=
3 o) q :{__O-S- -~ 0‘75
é s 2'3 2 !
| G Ln { 0.7¢ A'?Dw“‘l

cafeulate the predicted inflation rate for a GST of 16%,
(2 marks)

(6)  Apply an integration methed
given that a 9% G5T is associated with an}i.nﬂa!ion rate of 3.5%

- T 4
d(n) = ,L(q)'f-ﬁ ] Ao
H

* 3.5+ AJdn ]%
- 3.5 r(%'ﬁ)

= ’Q'SE/,

(c} Couid the incrementsl technique be reliably used 1o predict the effect of a GST increase
from 9% to 169467 Explain. (1l mark)
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SEMESTER TWO ENAMINATION 7 MATHEMATICS 3C/3D 1 MATHEMATICS 3C/3D 3 SEMESTER TWO EXAMINATION

SECTION TWO CALCULATOR ASSUMED : CALCULATOR-ASSUNMED
Question 13 (3 marks) Question 15 e {7 marks)
! In this diagram, AOB is the diameter of
An engineer designed 2 bridee with the profile of the Sydney Harbour bridge, with a circular ' acircle, AC is a chord of the circle and
arch of radius 25 metre above a horizental rozdway that is 2 40 metre long choid of the cirels, CD is perpendicular to the tangent AD,
Calculate the maximum height of the arch
above the roadway. . (a} Prove that AABC is similar to ACAD
S ‘
\ 4 T i {3 marks)
Rl - 0 4 ‘ - 7
R S | e Lﬂcg 2 [AVC (LR 4o

PR LY /A'M- L—DM) {d'{’/wjuﬁ\l)
AQ‘:\IU =SS or /b 3 /BED ('%}'UD)

 Hn 3™ r—njl‘c
(3 marls) o Apal o A Cﬂ-’D (ﬁ’f}'ﬁ‘)

Two kangaroo sheoters, Wayne and Clint, have respective probabilities of 0.75 and 0.6 of -
hining any target, independent of any other event. (b} Hence show that AC*= AB.CD (2 marks)
'

They both fired at a kangaroe. * d )
What is the probability Wayne ft ¢ butlet that hit the kangaroo, if it was hif exactly) one ' -
Wi the by Wen xed the bullet that hit the kangaroo, if t was it by (exactly) WA—. Creles ‘A’BD-“G‘]LN‘:‘ LN
. ' . C - .
\ ) (\J Wt & owmassrs —F
P/ 'J”‘j’”" Pt ) P ) ) ‘D At _‘
Ikt) L
P(1 K+ S A= AR D
0.7¢ X 0/ W

{¢) Determine the radius of the circle when AC = 15 cm and AD = 12 ¢m. {2 marks)

Question 14

i
] | ¢ (P¥: 1%l )
- . — =
0.7 ¢ 0.4 + 035 2 0.4 ¢p = Yy > Iy
N -
2 AR - ST L Y
-
T - .
3 ’ C' {‘&4{.‘.‘.‘9 . Il-§ Cim -
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Question 16 (8 marks) Question 17 (6 marks)
A chur":d sub-atomic particie enters a variable magnetic fieid \vn.h 2n initial velocity of 4 cm A horse trainer is working with 3 colts zind 4 fillies and ke randomly selects five of these horses
see” and an acceleration at time ¢ defined by a(f) =1 -3 cm sec”. ta enter the 5 events at a smali country race meeting.
(a) Write an expression for the velocity of this particle at time 1, (2 marks) (2} Calculate the prabability he seiects more ¢olts than fillies in his selection. (3 marks)
V*gt'E dt P(3or\’|"e:-§ la '}'.3)
¢ c + ¢ + -
-] = t T i T
(] 1 *
z L 4+ W om see

p 9

(b) What is the position of the particle, relative to the edge of the magnetic field, at time ¢ =6

“¢

-
-

seconds? 3 N (2 marks) j ’}" 20 e éa - j e 0 » '{D L;'-B
S(t)zg\/ - 3t + Ut - g e :
- -
b >
S(é) = Sg - gl.f. ENL LN (b}  If he actually selects 3 colts and 2 fillies and then randomiy allocated cach horse toa
different race, what are the chances the fillies do not compete in consecutive events
-~ 3 marks]
= b im Ceesp (3 marks)
{c) Calcuinte the distance traveiled by the particle between t =0 and ¢ = 6. {2 marks) . '
,D- A | i-—P(%muﬁa&J’ ey |
thae 3 | V)| s ‘
!
0 = - A%,
) -
X > X
- L .
3 - 2
(d)  Identify the mintmum velocity for 05£<6 (2 marks) S"
! - -
v JER => t=< 3
V”(t): 1 >0 oo W
v[3) s 2-Gpp o005 emiee
See next page - See next page
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SEMESTER TWO EXAMINATION 11 MATHENMATICS 303D
SECTION TWO CALCULATOR ASSUMED
Question 13 (5 marks}

Yyradn

The curves y=ax* andow.e;a intersect at the point (1,a), as shown,

,
1 2 3 4x

(a) Determine the value of a which makes the shaded area = 1 unit® for 0sx<4. (3 marks)

!
f an” dsn ¥
0

afi dg T

t 2 )
Q:)L}J' + S.a.')tv ,j
3 o 3 '
1-%',&""}!5' o
3 3 3
!

{b)  Write down, but do not evaluate, an integral expression to :’iﬂd the volume generated when
yz o
H

the unshaded area enclosed between y=a x° and ﬁf“% for 0 x 21 is rotated around

the y atis. (2 marks}

Y
V&( z T dy
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O

Question 19 {12 marks}

A botanist has found that 75% of the seeds of Eucalyptus Barrettii planted actuzlly germinate
and that the germination of sach seed is statistically independent of any other event.

(a) For a packet of 20 seeds, determing the probability of at most 16 germinations, given that
at least 14 seeds germinated. (3 macks}

Bihomal n= 10 nz0.7%
ply £ ] xzi) s Bin e (1,16 >0 275 )

Tin €D (rh’-,lo,w JC’-'iS‘)

0:$696 o 4 3¢
0.7358

(b} Hew many seeds should he plant before his chances of at least one sesd not germinating
exceed 0.997 {2 marks)

P{ﬂ ge-m;tmé{) Lol
g.75" £ 0.0
m 3 lb.ooT

w Tk o omedt

]

I

(c) The botenist has sent boxes containing 200 such packets, each containing 20 Etcalyptus
Barrezti seads, all around the world, For these boxes, describe the distribution of the
average number of gemminations per packet within each boy, assuming a constant
germination rate of 75%. Specify the type of distribution, its mean and its standard
deviation. (2 marks)

Nomal e 1S
genrrfp)  cSx00s
An, ~reo

See pext page
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SEMESTER TWO EXAMINATION
CALCULATOR ASSUMED

SECTION TWO

(d) How many packets are needed per Hox so that the botanist can be 95% confident that
the mean number of perminations is within 0.5 of the expected or ovenail average
aumber. (3 marks)

ash ) = 214

1.904 0 < 0.5

’\j”ﬂ

laby 1. 9345 < 0.5
A

m3 5T b
. §
(e}  Another sup;:liér of Eucalyptus Barrettii seeds finds that his overall average number of
germinations from packets of 20 seeds when packed in boxes of 200 packets is 15.5 By

calculating the probabilizy that iis mean exceeds 13.5 and assuming the same suandard
deviation, decide hiow likely is it that the mean germination rates are the same, {2 marks)

P(}?}IS”A i,u:lg ): l\{w(fi.gl.d)}
_,a-:,fSJr:D.ll’:
= 001473

ol 1% e %u W Sama
o agl Y e Mg e ffert

See next page
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Question 24 {10 marks)

The Wyvern Mining Company NL operates two small mines, both producing both copper and
tead ores, which are transported to a nearby processing plant for refining info ore corcentrates,

The mine known as David*s Diggings costs 320 000 per hour to aperate in producing 24 tonnes
of copper ore per hour and 24 tonnes of lead ore per hour. )
-

Stephen's Shaft is now an open pit, costing $15 009 per hour in producing 24 tonnes of copper
and 32 tonnes of lead each hour.

‘The company is contracted to produce at least 950 tonnes of copper ore and 144¢ tonnes of lead
ore each week.

David's Diggings must operate for at least 20 hours per week and Stephen’s Shafi also has a
minimum operating thme requirement.

These constraints are graphed, with the operating hours per weel as the variables: x for David's
Diggings and y for Stephen’s Shaft,

; (opper 224y 330
' L ey 2 960

¥(S8)

120+

Lead 2¥n s 313 % BhAD

.....................................................

34 +ly > 180

100+

See next page
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Question 21 (4 marks)

Gas is leaking from a storage tank in a large industriaf and proeessing facility. The rate of this
leak is direetly propertional to the pressuce, P, of the gas remaining in the tank.

{2)  Show clearly how the equation P{r) = B e models this simation. {2 marks})

df P

el Lt let

Ple)= P D Plf): ki he
x b PfE)
w of

iy

(b} Determine the instantaneous rate of the loss of pressure, as a percentage of the remaining
pressure, given that the pressure drepped by 50%4 in the first 4 hours after the leak

developed.

Rk
0.5%, = Pe

|
eu"( r O.S'

(2 marks)

& — 0.173%

< 1733 [(prke)

End of quasticns
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(a) Identify the minimum operating time per week for Stephen's Shaft (I mask)

1S howrs

(b) The total possible maximum operating hours for the nvo mines combined is 12¢ hours.
Add this constraint to the graph and clearly mark the resulting feasible region. (2 marks})

L 1o

(&) For how many hous shouid each mine perate each week in order to mirdmis tote] s06ts?
Corom + 15y (w Ke) O
flullw) dsa L,:Jk
(lorq.o) Jopo
(1) o
(Ho5)  tovs
(1e505) o= Lyd

(d) Determine the possible changes to the cosis per hour for David’s Digaings that would
result in an alteration to the optimal solution found in (c). (4 mariks}

Kenew w0 L2 Koy 1Sy
(vo,u2) < (m,w) 20K 600 < 25K+ 3(D
QK Y 0
K730
(wo5) ¢ (38 4) oK+ S < 2K+ 3o
K 4IRS
, . K 2§13
G/Uf-qv‘f S M'b—:j S%{owo?,_,wwa_r P
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