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Question 1
The graph of the function f:R— R f(x) = €®* - 4€* + 3 is shown below.

The graph of f has a horizontal asymptotey = a

a.  Write down the exact value of a.

1 mark
The graph of f passes through the origin and the point (c, 0).
b.  Findthe exact value of c.
2 marks
c. Find the exact values of the coordinates of the turning point of the graph of f.
3 marks

Question 1 — continued
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d. Write an appropriate definite integral which determines the area of the region bounded by the graph of f
and the x-axis and find the exact value of this area.

3 marks
e Let g be the function whose graph is the reflection of the graph of f in the y-axis.
i. Sketch the graph of g on the axes below.
y
A
_________________ yza .
y=1(x)
0 ¢ >
2 marks
ii. Writedown therulefor g.
1 mark

Question 1 — continued
TURN OVER
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Consider the family of functions f, : R— R, f, (X) = €*—2ke* + 3, where k is areal number.
f. i. For what values of k will the graph of f, have a turning point?

3 marks
ii. Find the coordinates of this turning point when it exists.
1 mark
iii. Find the value of k for which the graph of f, touches the x-axis.
2 marks

Total 18 marks
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Working space

TURN OVER
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Question 2

Pedro fishes in an area where there are large numbers of salmon. It is known that the lengths of salmon in this
area are normally distributed with mean 36.0 cm and standard deviation 2.5 cm. Assume that all salmon are
equally likely to be caught.

Salmon with lengthsin the top 15% of lengths of salmon in the area are called gourmet salmon.

a. What isthe minimum length of a gourmet salmon, in centimetres, correct to one decimal place?

2 marks

b. If Pedro catches 20 salmon, what isthe probability, correct to three decimal places, that at least one will be
agourmet salmon?

3 marks

c. Pedro knowsthat if he catches as many salmon as he did last Tuesday, the probability of catching at least
one gourmet salmon is approximately 0.68. How many salmon did he catch last Tuesday?

2 marks

Salmon which are shorter than 33 cm are declared to be undersized by the government. If such salmon are
caught, they must be returned to the water.

d. Whatisthe probability, correct to three decimal places, that a salmon caught at random will be undersized?

2 marks
Question 2 — continued
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Pedro’sfriend Jose returnsfrom fishing with 20 salmon of which 4 are undersized. The government inspector
iswaiting for him, and takes a random sample of three salmon from Jose’s catch of 20 salmon. If more

than one of the salmon are undersized, Jose must pay a fine. What is the probability, correct to three
decimal places, that Jose will be fined?

3 marks

In the same area a particular type of codfish is caught. The weight, measured in kilograms, of an adult
codfish is described by the random variable X with probability density function f having rule

F(x) = Asin(%(x—Z)) for2<x<8
0 elsewhere

i. Find the exact value of A.

2 marks
ii. Find the median weight of an adult codfish from the same area.

2 marks
Total 16 marks

TURN OVER
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Question 3

Victoria Jones wants to construct a time capsule in which to bury some of her treasures. The time capsule will
bearight circular cylinder of height h cm, and radiusr cm, with hemispherical caps of radiusr cm on each end,
as shown in the diagram.

e ————
- -~

Let the total volume of the capsule be V cm?®.

a. ExpressV intermsof r and h.

1 mark
. 3 . 8000 4r
b.  If thetotal volume of the capsule is 8000 cm?, then it can be shown that h= —- - 3
ar
The valueswhich r may takeliein aninterval. Find the end-points of thisinterval, correct to two decimal
places.
2 marks

Question 3 — continued
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c. Thematerial for the cylindrical part of the capsule costs 2 cents per cm? of surface. The material for the
hemispherical caps costs 3 cents per cm? of surface. (The surface area of a sphere of radiusr is 4m2.)

Find an expression for C cents, the total cost of the materials for the capsule, in terms of r.

2 marks

d. Sketch the graph of C over the appropriate domain on the axes below. Label any horizontal or vertical
asymptotes with their equations. (You are not required to show the coordinates of any turning point.)

C
A

10 000}

3 marks

Question 3 — continued
TURN OVER
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e i Findz—(r:intermsofr.

1 mark
ii. Hencefind the exact value of r for which C isaminimum.
(You do not need to justify that the value you find is a minimum.)
2 marks
iii. Find the minimum cost to the nearest dollar.
1 mark

Total 12 marks
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Question 4

A devicefor crushing rock is shown in the diagram below. It consists of asteel platform (P) on which the rock
isplaced and amachine which raises and lowers aheavy ‘hammer’ (H). The wheel A rotates, causing the upper
block U to move up and down. The other wheel B, attached to the block U, rotates independently causing the
hammer H to move up and down.

C
O

gm hm

rocks — |

2098 Y
P loqads'ess

-

Qisthetop of block U. The distance, g m, between Q and the platform Pis modelled by the formula
g =-2cos(at) + b,

wheret is the time in minutes and a and b are constants. When t = 0, Q is at its lowest point, 3 m above the
platform. Wheel A rotates at arate of 1 revolution per minute.

a. Showthata=2randb=>5.

2 marks

Question 4 — continued
TURN OVER
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Wheel B rotates at 4 revolutions per minute. The distance, h m, between the bottom of the hammer and Q at
timet minutesis modelled by the formula h = —sin(8xt) + 2.

L et the distance between the bottom of the hammer and the platform at time t minutes be x m.
b.  Show that x = —2cos (2xat) + sin (8at) + 3

1 mark
X
A
O > t
A section of the graph of x as afunction of t is shown.
¢ i Find %,
dt
1 mark
ii. Find the exact value of the rate of change of x with respect totwhent = 2.
1 mark

Question 4 — continued
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d. Findthefirst time after t = 0, correct to the nearest one-hundredth of a minute, when this model predicts
that the hammer will be at its least distance from the platform. Find this least distance, correct to the
nearest millimetre.

3 marks

x

o) >t

e. Thewidth of the shaded region shown is the time taken for one cycle of x. Write down an appropriate
definite integral which determines the area of the shaded region and find the exact value of this area.

3 marks

Tota 11 marks
END OF QUESTION AND ANSWER BOOK



