CALCULATOR-ASSUMED 3 MATHEMATICS 3C/3D
Section Two: Calculator-assumed (80 Marks)

This section has twelve (12) questions. Answer all questions. Write your answers in the spaces
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 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 to continue an answer, indicate in the
original answer space where the answer 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.

Working time: 100 minutes.

Question 9 (56 marks)

For events A and B;

P(A)=05, P(B|A)=03 and P(AUB)=0.8.

(a) Calculate P(ANB) (1 mark)
P(AnR)= P(A) % P(BIA)
= 0.8 »0.73%
= 0. l5
(b) Calculate P(B) (1 mark)
P(AVB) = P(A) » P(R) - P(ANR)
0.8 = 0.§ 4 P(R)— 0-15

FlRa) 2 0.45

(c) Calculate P(ZmB) (1 mark)
P(AaB) s+ P(AOR)= P(R)
P(ANR) + O.15 = 0.45
3 (—ﬁ‘\f\%) = BV

(d) Are events 4 and B independent? Justify your answer. (2 marks)
PR}z ©-%5
P(B\A)=z 0.3

So P(R)# P(B\A)
. A owd B are not M&:penolem{‘.

. -

See next page
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Question 10

CALCULATOR-ASSUMED

(8 marks)

Suppose that 9% of people in a certain community live alone.

Sixty percent of people who live alone own pets, whereas only 3% of people who do not live

alone own pets.
(a)
pet?

0.09 2 6.6 + &.9| % 6.06F

= 0.0%8\3

lives alone nor owns a pet?

8.3 % 0RF
=0: 9824

0.09 % 0.6
0.0%8\2

\30 =

= B4
2%|

(d)

What percentage of people from this community who own a pet live alone?

What is the probability that a person chosen at random from this community owns a

(2 marks)

What is the probability that a randomly-selected person from this community neither

(1 mark)

(2 marks)

In a group of 30 people in this community, four live alone. If six people are selected from
this group, what is the probability that no more than two of them live alone?

(3 marks)
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CALCULATOR-ASSUMED 5 MATHEMATICS 3C/3D

Question 11 ' (5 marks)

When an amount $4 is invested at an interest rate of % per annum, compounded n times per

year, the value §¥ of the investment after one year is given by V' = A(l + ](;0 ] .
n

Kelvin invests $6000 at 8% per annum interest for one year.

(a) What is the value of the investment at the end of the year if interest is compounded

twice per year? (1 mark)
$6484.60 poar |
] L ] A Fadnd I EX
_ % = =
GBBB[H TR ]
6489.6
I
-
(b) If interest is compounded monthly, by what percentage does the investment increase
over the course of the year? (2 marks)
Thwe valve becomes | ¥ Edit Action Interactive it
$6498.00 ] O ] T i d S
SaE : ¢ a 12 -
. i1$ owv  incceaSe © EBBB[1+]
° 6497.997841
B3 /e || ans-6006
goog o0
f 8.299958681
a
-
(c) If the investment were to be compounded more frequently, could the value of Kelvin's
investment rise above $6500 at the end of the year? Justify your answer. (2 marks)
TE M leectvesd s IV Edit Action Interactive iX
e [EAS YA v\ (5 ;
. o O ] L e raind L
COMPO\,\V\dea’\ cov\\-muuos\ur e =
: - |[6B@Be =" =
f Whave a value of 6499, 722406
n
$ 6499. 12
. \
e Ths Value cant exceed
$6500.00 by woce -

€¢€o\vev\+ o W\‘b\)\/\J‘S\

See next page



MATHEMATICS 3C/3D 6 CALCULATOR-ASSUMED
Question 12 {9 marks)

Each day, a company produces x thousand units of commodity X and y thousand units of
commodity Y.

Each unit of commodity X earns a profit of $21, and each unit of commodity Y earns a profit of
$15.

The feasible region for the company’s daily production schedule is the triangle shown below.

A(13,28)

C(25,16)

(a) Determine the inequality satisfied by x and y that corresponds to the edge AB of the

feasible region. (2 marks)
™M = ‘3/.% - I o mec\ua[. '(\I s
M= XAC Y& x+15

Rl =BG Ay €28
‘?C\U\ﬂho\f\ 5 WEEaE
(b) Determine the maximum possible daily profit. (2 marks)
P = 2lx+ 15y (: pro€it i 000's)

ak B(S,70) P= 405
B(13,28) p=693
L fas. kd Ve IEE

-+ Mow. profit is $365,000

See next page



CALCULATOR-ASSUMED 7 MATHEMATICS 3C/3D

(c) The company decides that the amount of commodity Y produced cannot be more than
three times the amount of commodity X.

How does this additional constraint affect the maximum possible profit? Justify your
answer. (2 marks)

New (_ovx‘:’;\‘(‘a'w\\' S Y £ 3

C(21,16)  SalisCies Yis  $So

4‘\\2(( S no C\/\ow\rsg WY MK, Pro(—'-~'+.
(d) Changing market conditions will cause changes to the unit profits for commodities X
and Y.

On each of the next seven days, the unit profit for commodity X will fall by $1, and the
unit profit for commodity Y will rise by $1.

Describe how these changes will affect the maximum possible daily profit over the
course of the next week. (3 marks)
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MATHEMATICS 3C/3D 8 CALCULATOR-ASSUMED

Question 13 (7 marks)

The lifetimes of Glowbrite light bulbs are normally distributed with mean 3500 hours and
standard deviation 200 hours.

(a) What is the probability that the lifetime of a randomly-selected bulb is at least 3400
hours? (1 mark)

~ Edit Action Interactive iX

P(T 73400

ey B i
- BB “lnormCDf( 3408, 0, 260, 3568 ) [~

i B.56914624613
P Note! | O
population mean

Al shatistical

calevlakions ave
\Ol()v\g_ via [ OK | [Cancell L
Twtevach P W

“D:;c}i‘:{f\-ion ot Tav. Disteibohion )

b) Calculate t, given that 5% of Glowbrite bulbs last longer than t hours. (1 mark)

‘5’ Edit Action Inter’ac.twe

PlTs (:) = 8,05 Ihalﬁ"lxﬂdxﬂlf"ii | I?‘Hq_
. - 3820] . normChf( 34668, u, 200, 3588 )

0.6914624613
invMNormCDf("R", 8. 85, 288, 3568)

3822.9787235
0

(c) What is the probability that a Glowbrite bulb will last no more than 3500 hours, if it has

already lasted 3200 hours? (3 marks)
¥ Edit Action Interactive i
P (3200 ¢ T¢ 3500) _ i
il Y 1O ] T R | [#]
PCT Y 3200) normCDT( 3408, #, 260, 3508 ) -
B.6914624613

invNormCDF("R", B, 85, 2008, 3560
= 0.464) 3828.9708725

normCDf( 3268, 3508, 260, 3508)
normCDf( 3268, #, 200, 3500)

8. 4642850381

See next page




CALCULATOR-ASSUMED 9 MATHEMATICS 3C/3D

(d) The company also produces Ultrabrite light bulbs, whose lifetimes are also normally

distributed, with the same standard deviation of 200 hours but with a possibly different
mean u hours.

A quality control expert at the company wishes to estimate y using the mean lifetime of
a random sample of Ultrabrite bulbs.

How large should the sample be in order to be 95% confident that the estimate will be
no more than 10 hours in error? (2 marks)

{96 » 200 _ yo

= =

n= 1536.64

Sample  wmust e ob \east \537F

See next page
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Question 14 (5 marks)

During a volcanic eruption a rock is ejected from the top of the volcano. The rock rises upward
and then falls onto a flat plain 1500 metres below the top of the volcano. During its flight, the
vertical velocity of the rock, v m/s, is given by

v=160-9.8¢

where t seconds is the time after the ejection of the rock.

(a) How high does the rock rise above the top of the volcano? (3 marks)
- . = 2. '
n(t) ’SV(Q di =HRE - LT v - Edit Action Interactive —|
hio) 2 €= © {5 T ] E A i
WA VK. ‘hex‘awk whenw €= -b _ ~ } 60 r =
. B = fiea-—e Sardar
ice. atkec \b.33  Secs 5 '
i
I (16.32) = 160 % 16.33 ~ 4.9(16-33) -4.9-t24+160-
= 1366.\2 fMax(ansyt,-0,0)
) {MaxValue=1306. 122449, t=16. 32653061 }
i.e. yaax \r\e\‘s\d' 16 Y306.\2 ™ | .
‘h("c\:g‘\bo—-"\%x Ax
o
= - 4.9¢* 4 \b0E
Mot heighlt s 1206.12 wm
atker (6.372 Secs.
(b) How long does it take for the rock to reach the plain below? (2 marks)
¥ Edit Action Interactive %
160L — 4. 9¢™ 2 — \5OD B T ] T L P v

E= 40.26 ses (&»0) 1
f1ea—9.sxdx

@

—4.9.t2+160: ¢
fMax(ans,ts—m;WJ
{Max¥alue=1206. 122449, t=16. 32653061 }
colvel -4.9-t2+168 t=—1500, t )
[ t=—7.604162084, t=40. 25722326}

0

P
T\r\e_\cmmai command  Find S

Phe. moaximuwa valve over the

cnosew dowaain bu\ COV\SEJG(R\AS

local maximuws  omd QVdPo'nv\&‘S.
Seenextpage T, +twe case of o(dqdm{—;( R4

Pis wWorks et bt it may not
foe other Funckions.



CALCULATOR-ASSUMED 11 MATHEMATICS 3C/3D

Question 156 (4 marks)

In the diagram below ABC is a right-angled triangle, and M is the mid-point of the hypotenuse
BC.

N
Prove that M is equidistant from each of the vertices A, B and C.

Hint: Start by drawing the line through M that is parallel to the side AB.

As MN s pawlel o AG

Lotwwe & LhG CCo«depov\o{iws aubus)

B e 1% shaved so

AABCL (S Siwilar Yo 4 NWMC (ec\mi-q\»gu\o\f)

eN _oen _ L (t-\ 'S widpoint  of Bc.)
<A [ S A

CA=72CN =) N is midpoint o AcC

CN = N A

AS LANW=LENM =90°  (estabished  above)

CN=NA awdd MN S SMavedd

Fa ol UL CC‘V\S{U?V\-\' o & ANM (3;:\5)

MA= ML (mwes. Siche S ot Co\nfé"v?wl’ le)
M A

i

MC = MB

Hoois  equickiStant b AR awk C

See next page
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Question 16 (11 marks)

The mean u and standard deviation o of the uniform distribution on the interval [a, b] are given
by

503"

A calculator can generate random numbers that are uniformly distributed between 0 and 1.

(a) For this distribution of the random numbers generated by the calculator, calculate

(i) the mean. (1 mark)
« o
e

(ii) the standard deviation (to three (3) decimal places). (1 mark)

so=L & 0.2389

-~

203

(b) What is the probability that a randomly-generated number lies between % and%—?

" (1 mark)
Prodbo = Saded ovea
= (13-- %‘\x |
= L
2

(c) What is the probability that a randomly-generated number contains no seven in its first
five (5) decimal places? (1 mark)

6.4° = 0.59049

See next page
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(d)

13

MATHEMATICS 3C/3D

What is the probability that a randomly-generated number contains at most three odd

digits in its first five decimal places? Give your answer to four (4) decimal places.

K = no. of odd d(si\'s S P\c\uS

P Bhw ;50

P(x¢3) = 0.9125

(e)

Give your answer to four (4) decimal places.

8‘1 e C.L-T} fhe

meaw  o¢ Sawples o

SOO YC‘«MJOW\

Nuwalae
is N(o.sl EL@)

{ Soo

Suvn > 260 => X > 269
Soo

P X ?:b_._-? = L0660
(X» %O) 0.060%

)
wide is the interval?
€ = b-a _R
243
g ~C = VL
wislba S VL.

(2 marks)

R O ] e Fand I X

‘1

23

B. 2886751346
binomialCDF(@, 3,5, 8. 5)
B.8125

FA
=

0

4

What is the probability that the sum of 500 randomly-generated numbers exceeds 2607

(3 marks)

|| “ Edit Action Interactive
vl

05 | =
ooty FLL o] 1X

normCDf

-
260 EvE;

580 °

See next page
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2 8.5
508

B.06866762318

Another uniform distribution on an interval [a,b] has a standard deviation of 24/3 . How

(2 marks)
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Question 17
Let A denote the average of the squares of two numbers x and y:

A :%(x2 +y2),

and let B denote the square of the average of x and y:

B=(x+yT.
2

(a) Evaluate 4 and Binthe casex =5 and y=7.
A=3 (254 44) = 23
- S+# * =
g5 ) =
(b)

What can be said about 4 and B if x = y ? Justify your answer

Az —l,ix’).x = xt
B= ?—_’f)lzx
CH

A=B if %

fr
—~<

See next page
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(7 marks)

(1 mark)

(2 marks)
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(c)

conjecture about A and B.
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Prove the conjecture in part (c).

15
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MATHEMATICS 3C/3D

Examine the difference between 4 and B for various values of x and y and state a

(1 mark)

| ¢ Edit Action Inter_active

] T o] L rawdnd I L
F22a -
-2
157y
15
ney?)
114.5
(=)
L=z
42,25
a
(3 marks)

TE awn

[ ¥ _Edit Action Interactive X
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1S uSed )
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%S

Are you sure you want
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[ oK ] [Cancel]

beCoce > o avch
‘1 v \ge

42.25|
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Question 18 (7 marks)
A cable hanging between two points A(—1,0) and B(1,0) lies on the curve

y=e" —d+e

where ¢ and d are positive constants.

(@) Showthat d =e“+e°. (1 mark)

O\" (\)O)
0 = Qcﬂd +e"('

A=eSre €

See next page
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(b)
y-axis, that is, where x =0.
= & =GO
é.“] = C.ec' —= &
Ax.
cil-\j =6 whew
A
o e
£E =g
C =i G
2¢. = O

MATHEMATICS 3C/3D

Use calculus to show that the lowest point on the cable occurs where it crosses the

(3 marks)

YL .
B T e B

0

df.cox_Cc_o—C,.—CrX
dx[e eC-e Cte ]

FY
=

[G_ez-c-x_c]_e—c,-x

(c)

formula

-
7 4 e € -Cx
(A.‘.’\ = (ce ._-C.)e
Adx
O_(,‘.’l:o whewn cezcx
iy 2¢X = |
o =)

The length s of the curve y = f(x), between the limitsx =a and x = b, is given by the

Use this formula to determine the length of the cable if the lowest point of the cable is 10

units below the level of the supports A and B.

when wx=o0

(3 marks)

(& &

il - )
A A R W

¥ Edit Action Interactive

2| [P v A
¢ = W (J35 +6)

d
Yor Mg value of ¢

\
SSZS:'JI{-(%K‘.’;‘L dx

E[,E:c.- X _gC g Cag CrX)

solve[ec" Z_eC-g Cte O *=—10|x=0, c,]

{e=ln[ 25 +6),c=1n( 35 +6)}

[G_Ei-c,-x_c’]_e—c-x

e 0. 2%

™

[ flleer
-1

i

See next page

*%_c)oe7C % |caln( 35 +6)]° dar

28.27118967
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Question 19 (8 marks)

A water trough has the shape of a trapezoidal prism. It is 300 centimetres long, 60 centimetres
high, 80 centimetres wide at the top and 50 centimetres wide at the bottom. A sketch of the
trough is shown below (not to scale).

80 cm
// 60 cm
I’S./ 50 19 //
' |
I | \
' I
[}
! _—" 300cm
] |
//
50 cm

(a) The top surface of the water in the trough has the shape of a rectangle whose length is
300 cm. Show that if the water in the trough is h cm deep, then the width of this

rectangle is 50 + 0.5k cm. (2 marks)
15
W oo 1S
W (£Y2]
h oo WE 5.TEW
Totel wicAiz 50 + 2w
= 50+ 0.54
((9)] Show that if water in the trough is # cm deep, then the volume of water, Vlitres, is

given by ¥V =h(15+0.075h). (2 marks)

V= (M)w»azoo Con®
e

= W (50 +0.25W) x 300 v

1

w (SO +o0-1SW) x38Y [

Lo gy
W (150 4+ 0.1FSW)

il

(0
= (15 + 0.0%5h)

See next page
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(c) Water is being pumped into the trough at a rate of 40 litres per minute. At what rate is
the depth of the water increasing at the instant when the trough is half full by volume?
Give your answer correct to the nearest centimetre per minute. (4 marks)
Vol. whew 1 6ol % Edit Action Interactive i
‘ R T faei ;_
=% 60(15 +0.0%s "6°) 60 15+8. B75X60) D
1178
= 595 1. solve[x-(15+la.@?5-x)= 112?8 ,x]
{x=-233. 4166406, x=33. 41664064 }
28,81255
= ; 48/ an=s
€= 2342 wins 1.998745787
o
AV _ dh < AV
dt  de  dh
N‘/\?u\ (": 334' i
AV - 1§ 1015k \
A lez33.49 €2 3341
= 2Z0.913
AV | bdo  ((onshant cate)
dc
40 = ok % 20.013
AdE =334
C_};\’\ \ = s ANEL
Ab e=33.42

—

Z

C.W\I MmN

See next page
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Question 20

()

and y=h, is rotated about the y-axis.

W
yamx LA g ['\\«fv\]ld“l
o

W
:T{S\

e A

3

1 yreky

m‘l.

(o4

i\
x

(b)

V:lAh
3

where A is the area of the base and 4 is the height.

EZ(\&'“) radivs = 2
l'aa)

axéa o¢ lase = T\(
Frowm  (a) V= \’i\'\3
3w
T
% LN
52 W
o .J- A\’\
3

End of questions
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(4 marks)

Find the volume of revolution obtained when the line y =mx, between the limits y =0

(2 marks)

Use your answer from part (a) to show that the volume ¥ of a cone is given by

(2 I
X [H] dyr
A
ha-n
3-m2
1]
-
1Y
S %
R EARY
o
ks
M‘L
(2 marks)
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Additional working space

Question number: &3‘) - altermative Solubion
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o i Bt [ o] I Rawdha ¥
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(25, 16)=756
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fi(25,16)=747

ftar, ¥)=aa+by|a=21-3|b=15+3| a=25| =16

Once. Ynis s kwoudn)

the moximum Proﬁi‘

k b e ok (25, 16)=738

o e £ G ) f(:,_yh=ax+b_y|a=21—3|b=15+3|x=13|y=328
013, 28)=738

S Y8 Fooed RO Oy y}=ax+by|a=21—4|b=15+4|x(=131y=)28
b g Sharan =W 013, 28)=752

U ey W i FCars w)=aa+by|a=21-5|b=15+5| a=13| y=28
R wheae  Peak  Ehe (13, 28)=762

flar, yizaaw+by|a=21-6|b=15+6 | =13 | =28

. f(13,28)=723
f(x,_y)=ax+byla=21—?lb=15+?|x=13|y=28
by §9,000  pec ey £(13,28)=798

For Y sk 3 days 3

WA Oy vA WA Pfoﬁa\’ Falls

Yhewnn  Yhe  vectex c\f\omcjeS
lfo A vao\ \’\”‘2» ?4’0{—;*
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End of questions



