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Me whakamatau koe i nga timahi KATOA kei roto i ténei pukapuka.

Tirohia kia kitea ai kei a koe Te Pukapuka mo Nga Ture Tatai me nga Tutohi L3—CALCMF.
Whakaaturia 6 whiriwhiringa KATOA.
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Kaua e tuhi ki nga paenga (+ ¢ + ). Ka poroa taua wahanga ka makahia ana te pukapuka.
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TE TUMAHI TUATAHI

(a)

(b)

(©)

Whiriwhiria nga paronaki o te f(x) = (5x° — 2x +1)°.

Ehara i te mea me whakartina koe 1 to tuhinga.

. . . 60
E tohua ana te paemahana o teétahi umu ki te ture tatai o te C = T +54/1 +15,
mena ko te 0 <7< 12, !

ara, ko C te paemahana, a-tohurau nei (°C), o te umu, a, ko ¢ te wa, a-meneti nei, i muri i te
whakawetonga o te umu.

Whiriwhiria te papatanga o te whiti o te paemahana o te umu e wha meneti i muri mai i te
whakawetonga o te umu.

Me whakamahi rawa koe i te tuanaki, me whakaatu rawa hoki i nga paronaki me matua
whiriwhiri i te wa e whakaotihia ana ténei rapanga.

Ko te aha te ronaki o te rarangi hangai ki te kopiko i te wa ko te y = sin’x cosx , ara,
T

kote x = —.
4

Me whakamahi rawa koe i te tuanaki, me whakaatu rawa hoki i nga paronaki me matua
whiriwhiri i te wa e whakaotihia ana ténei rapanga.

Te Tuanaki 91578M, 2025




QUESTION ONE

(a) Differentiate f(x) = (5x° — 2x +1)°.

You do not need to simplify your answer.

60
(b) The temperature of an oven is given by the formula C = T +541 +15,
given that 0 <z <12, !

where C is the temperature of the oven, in °C, and ¢ is the time, in minutes, after the oven has
been switched off.

Find the rate of change of the temperature of the oven 4 minutes after the oven was switched off.

You must use calculus and show any derivatives that you need to find when solving this problem.

. . . T
(c) What is the gradient of the normal to the curve when y = sin’x cosx when x = R
You must use calculus and show any derivatives that you need to find when solving this problem.

Calculus 91578M, 2025
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(d) E whakaatuhia ana i te kauwhata o raro nei te panga o te f(x) = x>+ e¢* me te patapa ki te
kopiko i te wa ko te x = 1.

te patapa

y=x2+62x

/l

Whiriwhiria te piwahi P, te haukotinga-x o t€nei patapa.

Me whakamahi rawa koe i te tuanaki, me whakaatu rawa hoki i nga paronaki me matua
whiriwhiri i te wa e whakaotihia ana ténei rapanga.

Te Tuanaki 91578M, 2025




(d) The graph below shows the function f(x) = x>+ e** and the tangent to the curve when x = 1.

tangent

y=x2+e2x

Find the point P, the x-intercept of this tangent.

You must use calculus and show any derivatives that you need to find when solving this problem.

Calculus 91578M, 2025



(e)

6

E tautuhia ana tetahi kopiko ki nga wharite tawha e rua:
Kotex=3£+6t+1metey=2¢F

Whiriwhiria nga taunga o nga piuiwahi tupa i tenei kdpiko he piiwahi ttinoa hoki.

Me whakapono noa koe he piwahi tipd marika te/nga puwahi tiipa e kitea ana e koe.

Me whakamahi rawa koe i te tuanaki, me whakaatu rawa hoki i nga paronaki me matua
whiriwhiri i te wa e whakaotihia ana ténei rapanga.

Te Tuanaki 91578M, 2025




(e) Acurve is defined by the pair of parametric equations:

x=3f+6¢t+1andy=2F

Find the coordinates of any points of inflection on this curve that are also stationary points.
You may assume that any inflection point(s) found are actually inflection points.

You must use calculus and show any derivatives that you need to find when solving this problem.

Calculus 91578M, 2025



TE TUMAHI TUARUA
(a) Whiriwhiria nga paronaki o te f(x) = % — In(3x® — 2% + 5)

Ehara i te mea me whakariina koe i to tuhinga.

(b) Ko te hohonu o te wai, a-mita nei, i tétahi whanga, e tohua ana ki te ture tatai o te
P = (30t —5t%)e™",

ara, ka inea a-haoratiate 7, a, kote 0 <¢<4.

Whakaaturia te hohonu haere, te papaku haere ranei o te wai i te whanga i muri i te 2 haora.

Me whakamahi rawa koe i te tuanaki, me whakaatu rawa hoki i nga paronaki me matua
whiriwhiri i te wa e whakaotihia ana ténei rapanga.

Te Tuanaki 91578M, 2025




QUESTION TWO
(a) Differentiate f(x) = %— In(3x% — 2x% +5)

You do not need to simplify your answer.

(b) The depth of water, in metres, in a particular harbour, is given by the formula
P=(30t—5t%)e,

where ¢ 1s measured in hours and 0 < ¢ <4.

Show whether the depth of the water in the harbour is increasing or decreasing after 2 hours.

You must use calculus and show any derivatives that you need to find when solving this problem.

Calculus 91578M, 2025



(¢) E ruanga patapa ki te kopiko y = f(x) =

10
2

X
x+4
y

~

10

e whai ana i te whariteote y = —3x + c.

5

——

10 9 8 -7 6 -5 4 3 2 1 1 2 3 4 5 6 17

y =/

Whiriwhiria nga taunga o nga ptiwahi pa e rua o enei patapa e whai ana i te kopiko y = f(x).

Me whakamahi rawa koe i te tuanaki, me whakaatu rawa hoki i nga paronaki me matua

=5
—10
—15

whiriwhiri i te wa e whakaotihia ana ténei rapanga.

Te Tuanaki 91578M, 2025
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(¢) There are two tangents to the curve y = f(x) = xi 1 that have the equation y = —3x +c.

10

5
L —=Te

10 9 8 -7 6 -5 -4 3 2 -1 1 2 3 4 5 6 7 8 9 10
=5

-10
y =/ -15

Find the coordinates of the two points of contact of these tangents with the curve y = f(x).

You must use calculus and show any derivatives that you need to find when solving this problem.

Calculus 91578M, 2025
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(d) Whiriwhiria te wharite o te patapa ki te kauwhata e tautuhia ana ki nga wharite e rua:

. . - T
kite x = 2sect, mete y=>5tanf ,ite piwahi o te kauwhata ko te ¢ = 6
Me whakamahi rawa koe i te tuanaki, me whakaatu rawa hoki i nga paronaki me matua
whiriwhiri i te wa e whakaotihia ana ténei rapanga.

Te Tuanaki 91578M, 2025
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(d) Find the equation of the tangent to the graph defined by the pair of equations:
x = 2sect and y = Stant, at the point on the graph where ¢ = %
You must use calculus and show any derivatives that you need to find when solving this problem.

Calculus 91578M, 2025



(e)

14

Ko te piitoro o te kopiko o te€tahi panga, he inenga nd te nui o te piko o te kopiko i tétahi ptiwahi.

() )

E tohua ana te ture hei tatai i te piitoro o te kopiko kite p =

Whiriwhiria te piitoro o te kopiko md te kdpiko y = cos?(2x) ite wa ko te x = %

Me whakamahi rawa koe i te tuanaki, me whakaatu rawa hoki i nga paronaki me matua
whiriwhiri i te wa e whakaotihia ana ténei rapanga.

Te Tuanaki 91578M, 2025
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() The radius of curvature of a function is a measure of how much the curve is bending at a given

point.
3
dy >2 )2
+ —_
[+

The formula to calculate the radius of curvature is given by p =

. . T
Find the radius of curvature for the curve y = cos®(2x) when x = 3

You must use calculus and show any derivatives that you need to find when solving this problem.

Calculus 91578M, 2025
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TE TUMAHI TUATORU

(a) E whakaatuhia ana i te kauwhata i raro nei te panga o y = f(x).

101

A U & 9 o O

10 9 8 -7 6 5 4 3 2 -1 T 1 2 3

MO te panga kei runga nei:

> X

(1)  Whiriwhiria te/nga uara o te x ména kaore e taea te whiriwhiri nga paronaki o te f(x).

(i1)) Whiriwhiria te/nga uara o te x ména ko te f'(x) = 0.

(iii) Ko teahateuaraote lim f(x)?

Me ata whakatakoto koe i te korero ména karekau he uvara.

Te Tuanaki 91578M, 2025
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QUESTION THREE

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

101

A U & 9 o ©

> X

-10 9 8 -7 6 5 4 3 2 -1 1 2 3 4\5 6 7 /8 9 10

D S ——— —2

For the function above:

(1)  Find the value(s) of x where f(x) is not differentiable.

(i1)) Find the value(s) of x where f”(x) = 0.

(i) What is the value of lim2 f(x)?
x> —

State clearly if the value does not exist.

Calculus 91578M, 2025
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1
(b) Ko te wharite o te kopiko, ko te y = %

Whiriwhiria te/nga taunga-x o te/nga puwabhi tiinoa i te kopiko.

Me whakamahi rawa koe i te tuanaki, me whakaatu rawa hoki i nga paronaki me matua
whiriwhiri i te wa e whakaotihia ana ténei rapanga.

(c) E rewa ana t€tahi ponguru tio maro, he poi te hanga, engari kei te mau tonu tona hanga a-poi.

I te wa ko te 6 cm te putoro, ko te 0.05 cm s™! te hekenga haeretanga o te patoro o te poi tio.

Whiriwhiria te papatanga o te hekenga haeretanga o te rorahi o te poi tio ka 6 cm ana te piitoro.

Me whakamahi rawa koe i te tuanaki, me whakaatu rawa hoki i nga paronaki me matua
whiriwhiri i te wa e whakaotihia ana ténei rapanga.

Te Tuanaki 91578M, 2025
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Inx

(b) A curve has equation y = ox

Find the x-coordinate(s) of any stationary point(s) on the curve.

You must use calculus and show any derivatives that you need to find when solving this problem.

(c) A solid spherical lump of ice is melting while maintaining its spherical shape.

At the instant when the radius is 6 cm, the radius of the ball of ice is decreasing by 0.05 cm s'.

Find the rate at which the volume of the spherical ice ball is decreasing at the instant when the
radius is 6 cm.

You must use calculus and show any derivatives that you need to find when solving this problem.

Calculus 91578M, 2025
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(d) E tohua ana te wharite o te€tahi kopiko ki nga wharite tawha e rua:

5
Kote x=—,4,kote y = 5e%.
e

Whiriwhiria nga taunga o te/nga piiwahi 1 te kopiko ména ko te —2 te ronaki.

Me whakamahi rawa koe i te tuanaki, me whakaatu rawa hoki i nga paronaki me matua
whiriwhiri i te wa e whakaotihia ana ténei rapanga.

E rere tonu ana te
Tamahi Tuatoru i te
whérangi e whai ake ana.

Te Tuanaki 91578M, 2025
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(d) The equation of a curve is given by the pair of parametric equations:

_ 3 — g 2
x—gandy—Se.

Find the coordinates of the point(s) on the curve where the gradient is —2.

You must use calculus and show any derivatives that you need to find when solving this problem.

Question Three continues
on the next page.

Calculus 91578M, 2025
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(e) E whakaatuhia ana i te hoahoa i raro nei t&tahi wahanga o te kauwhata hangarite y* = 16x — x2.

Kua tuhia tétahi tapawha hangai o ABCD ki roto i te kopiko, a, ko ona kokonga o B me C e
takoto ana i runga i te kopiko.

KAORE i tuhia
y a-awhatatia
A te hoahoa
y?=16x — x?
B C
€ > X
A D |

Whiriwhiria te roa o AD e whai ai te tapawha hangai 1 tona horahanga morahi.
Me ki, he morahi te uara e kitea ana.

Me whakamahi rawa koe i te tuanaki, me whakaatu rawa hoki i nga paronaki me matua
whiriwhiri i te wa e whakaotihia ana ténei rapanga.

Te Tuanaki 91578M, 2025
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(e) The diagram below shows part of the symmetrical graph y* = 16x — x°.

A rectangle ABCD is drawn inside the curve with its vertices B and C lying on the curve.

Diagram is
%i NOT to scale
yr=16x — x*
B C
€ A D l > X

Find the length AD so that the rectangle has its maximum area.
You can assume that the value found is a maximum.

You must use calculus and show any derivatives that you need to find when solving this problem.

Calculus 91578M, 2025



24

o ki te hiahiatia.

arangi an

He wh
Tuhia te tau tumah

angai ana.

h

I menae

TE TAU
TUMAHI
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o ki te hiahiatia.

arangi an

He wh
Tuhia te tau tumah

angai ana.

h
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English translation of the wording on the front cover

Level 3 Calculus 2025
91578M Apply differentiation methods

in solving problems

Credits: Six

Achievement

Achievement with Merit

Achievement with Excellence

problems.

Apply differentiation methods in solving | Apply differentiation methods, using

relational thinking, in solving problems.

Apply differentiation methods, using
extended abstract thinking, in solving
problems.

Check that the National Student Number (NSN) on your admission slip is the same as the number at

the top of this page.

You should attempt ALL the questions in this booklet.

Make sure that you have the Formulae and Tables Booklet L3—CALCMF.

Show ALL working.

If you need more room for any answer, use the extra space provided at the back of this booklet.

Check that this booklet has pages 2—-27 in the correct order and that none of these pages is blank.

Do not write in the margins (*

). This area will be cut off when the booklet is marked.
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