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QUESTION ONE
(a) A function fis given by f(x) = x> - 6x + 2.

Find the gradient of the graph of the function at the point where x = 4.
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(b) Arectangle is expanding in area so that at all times its length is three times its width.

Find the rate of change of the area of the rectangle with respect to its width when the area of
the rectangle is 75 cm?.
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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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(d) Use calculus to find the values of x for which the graph 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.

That is, AE=BF =CG=DH=x.
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Use calculus to find the smallest possible area that the parallelogram can have.
Cis:cify that your answer is a minimum.
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QUESTION TWO

(a) The graph of a function y = f(x) is shown on the axes below.

S (J\C)

< > x
Sketch the graph of the gradient function y = f"(x) on the axes below.
Both sets of axes have the same scale.
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(b) A skyrocket is projected into the air so that ¢ seconds after it is launched, its height, 4 metres,
above the ground is given by

h(f) =392t — 4.92,

What is the maximum height that the skyrocket will reach?
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(c) Adam is operating his drone. It is moving in a straight line and ¢ seconds after passing a tree

its acceleration, a m s , is given by
a(t)=6-12t.

Two seconds after the drone passed the tree, its velocity was 20 m s\,

How far was the drone from the tree when its velocity was 20 m s™! ?
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T

The diagram below shows the graph of the gradient function y = f(x) of a function y = f(x) .

M

=10

The graph of the function y = f(x) passes through (0,3).

On the axes below sketch the graph of the function f.

Both sets of axes have the same scale.
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8
() The graph of the function y = x* — 6x2 + kx — 5 has a turning point at x = 3.

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

(a) The gradient function of a curve is given by % =-5x*+6.

The curve passes through (1,7).

Find the equation for y.

Yz =0’ + 6 4 L
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(b) Suppose that, at the start of a particular day, 1000 people were trading in a market, and that ¢
days after the start of that day, the number of traders, N, can be modelled by

N(¥) =1000 + 400¢ + 10072,

How many days will it take for the rate of change of the number of traders to be 14400 per
day?
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(c) A school is selling tickets for its drama production. ASSESSOR'S

USE ONLY
The revenue, $R, from selling tickets for a price of $p each, can be modelled by the function

R(p)=40p(29 - 2p)

Use calculus to find the maximum possible revenue (using this model).

Ripd = uop(26-2p5
L0, - #0p°

- oP +1/60
D = -lbOp #llbO
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(d) Atangent to the graph of the function y = —%x3 +kx+4

at a certain point P, has gradient of -7 and intersects the graph again at (-6,64).

Use calculus to find the co-ordinates of the point P.
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1 E7 If the candidate had justified the area was a minimum in part (e) they may have
scored ES8.
This is E7 because the answer to (c) was in context. A grade of E8 may have

2 E7 been obtained if the nature of the turning points in (e) were justified as was
indicated in the question.
This is E7 because in (d) only one value for x was found when solving the

3 E7 quadratic. Consequently, the opportunity to gain E8 by investigating the
possibility of the other solution was missed.
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QUESTION ONE

(2)

(b)

A function fis given by f(x) = x> — 6x + 2.

Find the gradient of the graph of the function at the point where x = 4.
'F*(‘)_L) =3t -b
f’(ﬂ = 3(™4)* - b
file)= 42

A rectangle is expanding in area so that at all times its length is three times its width.

Find the rate of change of the area of the rectangle with respect to its width when the area of
the rectangle is 75 cm2.

AYEA= W x L

W= 2
L= 3%
(area)y = 3% x ° 36 =35 L
= 3yt €A = Hemn

yoe ()= 6x
Y'(5)= kx5

= 300_m’-/ My
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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.

F)=-X rextrc
5 =-0B+01¢C
c=5b

f(x)= X3+ 6+ S

P(ﬂz}ﬂ/ﬁ}%bz"m £ck-3 + 1

iy | O=-3xt +1lx

)= -x+12 x= 0 and 2c=Y

£"'(0)=-6(c)t 12 £(4)= -b(4)r L = -2
=11, £'>0 whenic=0 f'¢0 whnen =4 thervefore

thevefore it i5 a local

Y N m. _0,5'_ 4 37)
niMmMu (/2 (L,__l// N

(d) Use calculus to find the values of x for which the graph of the function /
f(x)= %x3 + %xQ —5x—18 is increasing.

£10d= 2t + I -5 ~fx)= 4x +9
U= 2t + 4 -5 f1(c.9)=4(65) +9
x= 0.5 and 1 = -5 = L

-5

tUrning poing.

0.5

P’(‘)(,)'— Y + 9
wnsequently, L) iS increas - P’('S)= %("5) £
iNg when X <-5 and = -

. £ 0 wirin e -5 .

When e > G5,
—_— L .
it 15 o local mox inmu
hm/mr\a) P oint,
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(9 A rectangle 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.

That is, AE=BF =CG=DH=x.

xcm g

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

Justify that your answer is a minimum.

ARCD = 83C em*-

%’)(,(g x/) + /Z/OO 7(«) '!'Viarxﬂ)t"fqreq

?O*(_SI '*9(:1 F 10X ’-)CZ> #n = pmvml(cgvmm aveo,
SO - 18 + 1xt = &t

A= =18 + 4x a''= Y4
O=-(% + tx AT>0 thavefore
A=Y 5 ik e Harning pont
_ / 1§ o mininnum,
a= 80— 8(4. EQT 2(%5
a= 39, 65cm MiNiMmum ared
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QUESTION TWO ASSESSOR'S
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(a) The graph of a function y = f(x) is shown on the axes below.

S Q\C)

M

~r

Sketch the graph of the gradient function y = f”(x) on the axes below.

Both sets of axes have the same scale.

f ’(36)

M

If you need to
redo this question
part, use the grids

on page 12.
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(b) A skyrocket is projected into the air so that 7 seconds after it is launched, its height, # metres,
above the ground is given by

h(f) = 39.2t — 4.9/,

What is the maximum height that the skyrocket will reach?

h'(6)=39.2- 286 h(4)=39.0£ -1k
0=39.2-95¢ h(t) = 79.¢
t = % seconds |
“' The max inmum height
W' (t)=-9.% fhe Tuy rochet will
h' <0 - itif a local veath ¥ #.4m, afrer
Mo imunm four 1econds of {Tient

(c¢) Adam is operating his drone. It is moving in a straight line and ¢ seconds after passing a tree
its acceleration, a m s2, is given by

a(f) = 6 — 12t.

Two seconds after the drone passed the tree, its velocity was 20 m s,

How far was the drone from the tree when its velocity was 20 m s™! ?

aft)= 6-11t

V_(j:)-’- bt -6t + ¢

20 = b(2)-6(2)" rc
c=32

V(£) = bt-btt +32

s(t) = 3¢t -2¢° +31¢

S(2)

N

(L) - 20 + 32 ()
60 metre]

Srp—————

i

The drone wag 6Ometref from the
tree when iff velouity waf Loms Yy
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(d) The diagram below shows the graph of the gradient function y = f'(x) of a function y = f(x) .

< > X
=10
The graph of the function y = f(x) passes through (0,3).
On the axes below sketch the graph of the function f-
Both sets of axes have the same scale.
< > X

If you need to
redo this question
part, use the grids

on page 13.
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(e) The graph of the function y = x> — 6x? + kx — 5 has a turning point at x = 3. ASSESSOR'S

USE ONLY

Use calculus methods to find the coordinates of both turning points.

Determine the nature of each turning point, justifying your answer.
Y'= 3t - 1lx + beow
1 :
0=331F-11(3) +

k=9

v'= 3Ixt -1 + 9 | Y'=bx -1

O=23xt- 1+ 9 Lj“(B)“‘ 6(3)- 1L

xX=3 ond x =| =0

y=at- bx" +941 -5 Y >0 when =3
¥=3-bB)+4a3)-5 therefove it if &

4=-5 MiniMmuMm tuming
coovdinates (3,_5)_ | \o_oi‘\’\‘r at (3‘}:5).

Y= 23 -1t + - Y" = (e - (L -

0= P-4 q0)5  y(N=b-0
y=-l = 'Eﬁ
oo rdinat ed (l , -I) -

"“/ Y" Lo when e = |
therefore it 1 a
MaXimum HAmim?)

point o ("I_J-:Q;

\
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QUESTION THREE

d
(a) The gradient function of a curve is given by Ey =-5x*+6.

(b)

The curve passes through (’T,;).

Find the equation for y.
Y = -2c° + (Xt C
Y= ~1P+Ctc
c=2

I S
y=-X +ex_+1/?//

—

Suppose that, at the start of a particular day, 1000 people were trading in a market, and that ¢
days after the start of that day, the number of traders, N, can be modelled by

N() =1000 + 400z + 100£2.

How many days will it take for the rate of change of the number of traders to be 14400 per
day?

N'(t) = 400 + 200t
[4,4C0 = 400 + LCO ¢
£= 10 dowp

It will talke 10O oiaw)l for the rate
of change to be 14,400
traderd per (Ao\../]//

Question Three continues
on the following page.
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A school is selling tickets for its drama production.

The revenue, $R, from selling tickets for a price of $p each, can be modelled by the function
R(p) =40p(29 - 2p)

Use calculus to find the maximum possible revenue (using this model).

R(p)= 1ILCp — BOp?

R(e)= 1160 - l(gOp
0= 1160~ [6Gp

| ‘j(;pt 1.2h each

R(%.25) = 11LG(3-25)-80(.25)"
R(3.15)= $1209 revenue

R" = —16C thurefore R"'< 0
3 indicc'\’rma\ i Must be a
Maximum +wuy hn’r\o\ poiﬂ’f.

mox revenue = 44105 )
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(d

1

A tangent to the graph of the function y = —%x3 +kx+4
at a certain point P, has gradient of —7 and intersects the graph again at (—6,64).
— Th— A e i

Use calculus to find the co-ordinates of the point P.

ﬂ;ﬁ - — o ak
()\OL-— _-D,_,g ’f“\”;———':l_

W gU\\D (c’(o/ Ca(-{’) lV\j

\

e f@ = ~=a (6)® 4o 4y

LA — A6k 44
O = 7 -6k
(& =Gk
s A = ‘o

)

P
x? - 4
A

o¢ O 3«.‘\; ) \ -;'«L 0 Ao 4
\ &o\glﬂ &l'

X =3 ‘é""S

| ZK 7—-&'{3 - = "}
3 d— et P =22

= — e

— 3 &) !V\D*‘T)ﬁ I Coordived®s

0= (>
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1 E8 There is a clearly stated correct interval for when the function is increasing in
(d), and the minimum area has been found with justification in (e).
This is E8 because in (c) the correct answer has been presented in context and

2 E8 in (e) the coordinates for max and min points have been given and each
justified.
The candidate in (d) has identified there are two possible x values and then

3 E8 : . ,
shown that only one is valid for point P.






