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(b)  The number of followers of a new social media account can be modelled by:
F=5/-8407+42180r  (0<1=90)
Where ¢ is days after the account is created, and F is the number of followers.

(i) What s the rate of increase of followers on day 57
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(ii) What is the maximum number of followers the social media account has during the first
90 days?
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(i) How many days during the first 90 days does the social media account lose followers?
Use calculus methods to justify your answer.
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(¢) Anew business is designing a logo based on a stylised ‘H’ shape, as scen in the diagrams.

The logo is to be designed with fwo semi-circles and two straight lines. The owner of the new
‘business wants to include space for the company’s name inside the shape, so he has asked the
designer to maximise the area inside the shape.

The owner plans to build a replica of the logo, and due to material constraints, the total perimeter of
the shape must not be greater than 80 cm.

Three examples are shown here:

() Find the maximum area.

(i) Use calculus methods to show that this is a maximum.
Circumference of a circle: C =217
Areaofacircle - A=nr?
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(b)  Acricket match is being played. A cricketer hits the ball, and its height, /. above the grass cricket
pitch in metres, can be modelled by the function:

h=225t-492+1
where ¢ is the time in seconds since the ball was hit

Using calculus methods, find the maximum height above the ground that the ball reaches.
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A calculus class is exploring 3-D geometrical art. The students decide that they want to create
wireframe models of a tetrahedron and an octahedron, similar to those shown below.

Tetrahedron Octahedron
Surface area =3a Surface area = 2435
where a represeats the length where b represeats the length
of each edge of the tetrahedron of each edge of the octahedron

‘They will make each edge with a picce of wire, and join each picce together, and then cover cach
surface with paper fo create lanterns similar to those below.

‘Souce: hitps:/timesofindia indiatimes.comycity/ahmedabad 20-umique-diy-mathematical-lamps-of-paper-by-ccl-itgn/

‘They wish to create cach model so that the total resuling surface area of the fwo shapes is a
‘minimum.

‘They have a total of 180 cm of wire to cut and use for both models.

Determine the lengths of the edges, a and b, required to minimise the total surface area of the two
shapes when all of the wire is used.

Use calculus to justify that the surface area is a minimum.
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(c)  The number of daily viewers for a new presenter on a video gaming streaming service can be
‘modelled by the following equation:
V=-11£+528 {0 <t =48}

‘Where 7 represents the number of daily viewers and f represents time in months.

()  Find the rate(s) of change of daily viewers, with respect to #, when the number of daily
viewers is 3520.
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(i) What is the maximum number of daily viewers that this new presenter gets during the first
48 months?
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(iii) The number of daily viewers for an experienced presenter on a video gaming streaming
service can be modelled by the following equation:

V=167 -1307 +2900¢ {0 = ¢ =48}
Where ¥ represents the number of daily viewers and  represents time in months.

Once the stream reaches 10000 daily viewers, it becomes monetised (the presenter carns
‘money). If the daily viewership falls below 10000, the presenter will lose this income and will
1o longer make any money.

Use calculus methods to determine if the stream, after it becomes monetised, ever stops
carning money for the presenter.
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(© @ Acliff diver jumps up into the air above a cliff and then falls
down into the water below.

‘Their acceleration is constant at -9.8 m 5.
‘The diver jumps up with an initial vertical velocity of 2.8 m s™L.

Using calculus methods, find the velocity of the diver one second
after they jumped.
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(11)  The diver hits the water at a velocity of -22.68 m s~ (negative velocities indicate the diver is
‘moving down).

Find the maximum height (above the water) that the diver reached.
You may wish to begin by finding the height of the cliff above the water.
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(d)  Two possible configurations of a house shape drawn below a parabola are shown below.

Ahouse shape is drawn as shown where:
« Cisat(09).

+  AandB are points on the parabola y =9 —x2.
+  EandF arc on the x-axis.
y ¥
c c
5 a
B A
i A — - x

()  Find the height of the wall (AF or BE) when the area of the house shape is a maximum.
Tustify that this is the maximum area.
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(i) For the generalised problem where the house shape is bounded by a parabola where:
« Cisat(0.d).
«  AandB are on the parabola y = d — k>
+  EandF are on the x-axis,

Show that the maximum area enclosed by the house shape occurs when the area of the
rectangular section ABEF and the area of the triangular section ABC are equal.
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(b)  Find the x-coordinate of the maximum point on the curve given by
¥=2x3—42x2 + 240x + 8. Explain how you know that this point is the maximum, not the
‘minimum, point.
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(e) A cubic function, f(x) = ax’ + bx’ + cx + d, has turning points that occur at x =3 and x =—5.

Find an expression for c in terms of a.




image20.png
(e) Aright-angled triangle OAB is drawn within a parabola, as shown in the diagram below.
Three possible triangles OAB have been dravn.

The point O is the origin (0.0), and point A can lic anywhere on this parabola above the x-axis.
The equation of the parabola is of the form y = mx — x2, where m is a positive constant.

Use calculus to find an expression, in terms of m, for the maximum possible area of triangle
OAB.
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(b) A parcel in the shape of a rectangular cuboid with a square cross section is to be sent through
the post. The sum of the length of the cuboid and the perimeter of the square cross section is
to be 100 cm.

Diagram is
NOT't0 scale.

Find the maximum possible volume of the parcel.
‘Explain how you know that your answer is the maximum, not the minimum, volume.
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(c)  The derivative of a function fis given by f'(x) =—3x> + 12x.
The graph of the function has a local minimum at the point (0.5).

Use calculus to find the value of the local maximum of the function.
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(e) Arectangle ABCD measures 10 cm by 8 cm. A parallelogram EFGH can be drawn inside the
rectangle, as shown in the diagram below.

Suppose that the distance from each corner of the rectangle to the next vertex of the
‘parallelogram, in a clockwise direction, is x cm.

Thatis, AE=BF =CG=DH=x.
A xm E B
.
H |
F o Sem
D

S 10em -

Use calculus to find the smallest possible area that the parallelogram can have.

Tustify that your answer is a minimum.
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(b)  Askyrocket is projected into the air so that ¢ seconds after it is launched, its height, # metres,
above the ground is given by
() =392t - 494

‘What is the maximum height that the skyrocket will reach?
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(e) The graph of the function y = x° — 6x* + kx — 5 has a turning point at x = 3.

Use calculus methods to find the coordinates of both furning points.
Determine the nature of each turning point, justifying your answer.




image26.png
(¢)  Aschool is selling tickets for its drama production.
The revenue, SR, from selling tickets for a price of $p cach, can be modelled by the function
R(p)=40p(29-2p)

Use calculus to find the maximum possible revenue (using this model)
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(e) The function f(x) =x° + ax’ + bx + 2 has turning points when x=—1 and x =3.

Find the values of a and b.
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(e) Use calculus to prove that the graph of the function
y=2£G-x)

has a local maximum when x:%

Tustify that the tumning point s a local maximum.
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(d) Find the maximum volume of an open box (i.c. a box with a base and sides, but no lid) that can
‘be made from a rectangular picce of cardboard measuring 20 cm by 30 cm, by removing the
corner squares and folding along the dotted lines.

Justify that this is the maximum volume.
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(c)  The function f(x) = 2x* + kx? + 5 has a minimum turning point when x

What are the coordinates of the maximum turning point?
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(¢) Find the local minimum value of the function y =x*(x - 4).
Tustify your answer.
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(c) A skateboard park has a mound that is » metres high at the point where the horizontal
distance, from a fixed point P, is x metres.

The mound can be modelled by

h==052+3x-15 A

(i)  What is the maximum height of the mound?
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(ii) A ramp up the side of the mound is a tangent to the mound.
‘The ramp can be modelled by the function 7 N\
h=05x-c

Use calculus to find the vertical distance below the top of the mound where the ramp
will meet the mound.

Ignore the thickness of the ramp.
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(iii) The height /s metres of a skateboard path at a horizontal distance r metres from another
point Q. can be modelled by the function

2243 (0.15<7<35)

There is a height regulation that requires no part of the skateboard path to be more than
3 m above the ground.

Fully describe this curve including its turning points, and state whether or not the skate-
board path complies with the height regulation.

You must show calculus in answering this question.
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() Inan area surrounding a farming airstrip there is a height restriction for fireworks of 50 m.

The height & meres above the ground reached by a firework ¢ seconds after it is fired, can be
‘modelled by the function

h=20t-5£

Will the firework break the 50 m limit?
Use calculus methods to justify your answer.
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y is the value of x after 3 has been subtracted and then the answer doubled, and x is between
—05and3.

Find the maximum and minimum values of the product of .
Justify your answer:
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(c)  Adiver dives into a pool. The depth d metres that she reaches 7 seconds after she hits the
water is given by

dif)=1257 -4t

Find the greatest depth that she reaches.
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(6)  The gradient of the graph of a function is given by %:yx—sx’.

At the maximum turning point of the graph of the function, y =

Find the equation of the graph.
Note: The turning point where y = —4 must be shown to be a maximum.
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(d) The length of a cuboid is three times its width.
The sum of the height, width, and length is 150 cm.
The volume ¥ cm? can be expressed as
7=4500~ 125> where the width is x cm.

Find the height of the cuboid for which the volume is maximum.
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(c) Anemergency flare is fired from a boat.
Tts height, 7 metres above the surface of the water, is given by
h=90t-58+2
where ¢ is the time in seconds since the flare was fired.

‘What is the maximum height reached by the flare?
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‘The y-coordinate of the minimum turning point of the curve is 10.
Find the equation of the curve.
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(¢)  The frame of a crate is made up of 12 steel rods that
have a total length of L cm. height

The length of the crate is twice the width.

Tength 2x

width x

Show that the length of the crate will be g cm when the volume is a maximum.




image43.png
(d)  The fuel consumption. f, of a car, in litres per 100 km, is related to the velocity, v, in km b,
by the formula

v
—16-02v+
g Y250

Show that the fuel consumption is 2 minimum when v = 25 km h-1
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(d) Aright angled triangle OPQ is drawn as shown where O is at (0.0).
Pis a point on the parabolay = ax —x
and Qis on the x-axis.

24
Show that the maximuim possible area for the triangle OPQ is 5
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(d)  Aschool is marking out a 400 m running track on its field. They want to be able to use the
infield area (the rectangle between the semi-circles) to run PE games and activities. Due to this,

they wish to maximise the rectangular area enclosed by the track. The track must consist of two.
straight sections and fwo semi-circular sections, and must be 400 m.

Three examples of possible field configurations are shown below:

Find the dimensions of the rectangle that maximise its area.
Use calculus methods to show that this is a maximum.
Circumference of a circle: C =2

Diagram is
NOT 1o scale
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(©) Anew car is travelling at 27.78 m s (100 km/hr), when the driver sees an obstruction in the
road ahead. The driver applies the brakes, and decelerates at a rate of 2.5 m 5™

() How long will it take the car to come to a complete stop?
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(i) Using calculus methods, show that the distance the car travels between the time the driver
applies the brakes, and the car coming to 2 complete stop, is approximately 154 m.
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(iii) A car with new brake pads is capable of deceleration of 2.5 m 5. However, as a car’s
‘brakes age, they become less effective at slowing down the car

Ifan older car’s brakes were only able to allow for a deceleration of 2.1 m s, what is the
highest speed in which the car should be travelling so that it is able to come to a complete
stop in the same distance (approx. 154 m) as the new car deseribed in part (ii).
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