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TUMAHI TUATAHI

(a) Kimi paronaki mo y = e*sin2x.

Hei aha noa te whakarund i to whakautu.

(b) E whakaatu ana te kauwhata i raro nei i te panga y = f(x).
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(i)  Whiriwhiria te (ng2) uara mo x e @ ana ki énei whakaritenga e whai ake:

(1) fx)=0:
(2) f(x) he kdpapa whakarunga:

MO te panga i runga ake:

(i1)) He ahate uara o 1in71 f(x):

Kia marama te korero mena kore rawa he uara.
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QUESTION ONE

(a) Differentiate y = e*sin 2x.

You do not need to simplify your answer.

(b) The graph below shows the function y = f(x).
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(1)  Find the value(s) of x that meet the following conditions:

(I ) =0:

(2) f(x) is concave upwards:

For the function above:

(1)) What is the value of 1in71 f(x):

State clearly if the value does not exist.
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Ko te wharite mo tétahi kopiko he y = (2x+ 3)6X2.

Whiriwhiria te (nga) taunga-x o t€tahi (€tahi) puwahi tu i te kopiko.

Me matua whakamahi te tuanaki me te whakaatu i nga paronaki me rapu e koe ina whakaoti i ténei
rapanga.

. . . . . 3
E tautuhia tawhatia ana t&tahi kopiko ma nga wharite x =¢> +3¢ me te y =¢>In(2¢—3), mo ¢ > 5

Whiriwhiria te ronaki o te patapa o te kopiko 1 te ptiwahi (10,0).

Me matua whakamahi te tuanaki me te whakaatu i nga paronaki me rapu e koe ina whakaoti i ténei
rapanga.
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(c) A curve has the equation y = (2x+ 3)e"2.

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.

d) A curve is defined parametrically by the equations x = ¢+ 3¢ and y = ¢* In(2¢ - 3), for ¢ > é
2

Find the gradient of the tangent to the curve at the point (10,0).

You must use calculus and show any derivatives that you need to find when solving this problem.
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(e) He 3 m te teitei o te koeko, a, he 1.5 m te piitoro.

Kua tuhia he rango i roto i te koeko e whakaaturia ana i te hoahoa o raro.

+“«—15m—»

He orite te pokapti o te putake o te rango ki te piitake o te koeko.

Haponotia ko te rorahi morahi o te rango he & m>.

Me matua whakamahi te tuanaki me te whakaatu i nga paronaki me rapu e koe ina whakaoti i ténei
rapanga.
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(e) A cone has a height of 3 m and a radius of 1.5 m.

A cylinder is inscribed in the cone, as shown in the diagram below.

+“«—15m—»

The base of the cylinder has the same centre as the base of the cone.

Prove that the maximum volume of the cylinder is 7 m°.

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

() Kimi paronaki md f(x)=(1-x).

Hei aha noa te whakaruna i to whakautu.

(b) Ko te wharite mo tétahi kopiko he y = "
X
Whiriwhiria te (nga) taunga-x o tetahi (€tahi) piiwahi ti 1 te kopiko.

Me matua whakamahi te tuanaki me te whakaatu i nga paronaki me rapu e koe ina whakaoti i ténei
rapanga.

(¢) Ko te wharite o tétahi kopiko ko y = (x* + 3x + 2) cos 3x.

Whiriwhiria te wharite o te rarangi hangai ki te kopiko i te puwahi e patahi ana te kopiko ki te
tuaka-y.

Me matua whakamahi te tuanaki me te whakaatu i nga paronaki me rapu e koe ina whakaoti i ténei
rapanga.
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QUESTION TWO

(a) Differentiate f(x)=(1-x).

You do not need to simplify your answer.

(b) A curve has the equation y= i
x+1

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.

(¢) A curve has the equation y = (x* + 3x + 2) cos 3x.

Find the equation of the normal to the curve at the point where the curve crosses the y-axis.

You must use calculus and show any derivatives that you need to find when solving this problem.
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(d) E piki haere ana te rorahi o t€tahi poihau rite i te papatanga ptimau o te 60 cm’ i te hékona.

Tataihia te papatanga whakapiki o te piitoro ina ko te putoro he 15 cm.

Me matua whakamahi te tuanaki me te whakaatu i ngd paronaki me rapu e koe ina whakaoti i ténei
rapanga.
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(d) The volume of a spherical balloon is increasing at a constant rate of 60 cm’ per second.

Find the rate of increase of the radius when the radius is 15 cm.

You must use calculus and show any derivatives that you need to find when solving this problem.
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(e) E whakaatu ana te kauwhata i raro nei i te kopiko y=+/2x—4, me te patapa ki taua kopiko i te
ptuwahi P.
Ka pa te patapa ki te piiwahi (-2,1).

y

(_2!1)

/./

Whiriwhiria nga taunga o te ptiwahi P.

Me matua whakamahi te tuanaki me te whakaatu i ngd paronaki me rapu e koe ina whakaoti i ténei
rapanga.
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() The graph below shows the curve y =+/2x—4 , and the tangent to the curve at point P.
The tangent passes through the point (-2,1).

y

(_2!1)

/./

Find the coordinates of point P.

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

cotx

41

Hei aha noa te whakariuna i to whakautu.

(a) Kimi paronaki md y =

(b) Kei te kauwhata o te panga y = 4\/; —x+2, ina ko x >0, he piiwahi tii noa i te piwahi Q.

Whiriwhiria nga taunga o te ptiwahi Q.

Me matua whakamahi te tuanaki me te whakaatu i nga paronaki me rapu e koe ina whakaoti i ténei
rapanga.

(7

(c) MO ehea uara o x e piki ai te panga y =—; ?
x +4

Me matua whakamahi te tuanaki me te whakaatu i nga paronaki me rapu e koe ina whakaoti i ténei
rapanga.
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QUESTION THREE

cotx

41

(a) Differentiate y=

You do not need to simplify your answer.

(b) The graph of the function y = 4\/; —x+ 2, where x >0, has a stationary point at point Q.

Find the coordinates of point Q.

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

(c) For what values of x is the function y = increasing?

X+

You must use calculus and show any derivatives that you need to find when solving this problem.
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4
(d) Kei tetahi kopiko te wharite y=
x —

l; , ina ko & he uara piimau, a, ko x # E
Ka noho te piiwahi P i te kopiko, a, ko 3 te taunga-x.
Ko te ronaki o te patapa ki te kopiko 1 te puwahi P he ;_;g

Tataihia te (ngd) uara ka taea mo £.

Me matua whakamahi te tuanaki me te whakaatu i ngd paronaki me rapu e koe ina whakaoti i ténei
rapanga.

Ka haere tonu te
Tamahi Tuatoru i te
wharangi 18.
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4x +
(d) A curve has the equation y = H, where £ is a constant and x # E

The point P lies on the curve and has an x-coordinate of 3.

. . =8
The gradient of the tangent to the curve at P is —.

Find the possible value(s) of .

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

Question Three
continues on page 19.
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(e) Ka whakatarewahia he rama i runga ake o te pokapii o tetahi t€pu porohita me te piitoro .

Ka taea te whakatika te teitei, /, o te rama 1 runga ake o te t€pu.

0

Kei runga te piiwahi P i te paenga o te t€pu.

I te piwahi P he panga riterite to te whakamarama / ki te whenu o te koki € i te hoahoa i runga nei,
a, he koaro te panga ki te piirua o te tawhiti, S, mai i te rama.

_kcos®

s’

ara, [

ko k he uara piimau.

. . . . r
Haponotia he morahi te whakamarama i te paenga o te t€pu ina h = T

Ehara i te mea me hapono koe ka whakaputa t6 otinga i te uara morahi.

Me matua whakamahi te tuanaki me te whakaatu i nga paronaki me rapu e koe ina whakaoti i ténei
rapanga.
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(e) A lamp is suspended above the centre of a round table of radius r.

The height, 4, of the lamp above the table is adjustable.

0

Point P is on the edge of the table.

At point P the illumination / is directly proportional to the cosine of angle 6 in the above diagram,
and inversely proportional to the square of the distance, S, to the lamp.

_ kcos®

s’

ire. 1 where k is a constant.

Prove that the edge of the table will have maximum illumination when /4 = L

J2
You do not need to prove that your solution gives the maximum value.

You must use calculus and show any derivatives that you need to find when solving this problem.
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He wharangi anoé ki te hiahiatia.
Tuhia te (nga) tau timahi ména e tika ana.

TAU TUMAHI|
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Extra space if required.
Write the question number(s) if applicable.

QUESTION

NUMBER
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English translation of the wording on the front cover

Level 3 Calculus 2021
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.

Show ALL working.

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

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—21 in the correct order and that none of these pages is blank.

Do not write in any cross-hatched area (

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

YOU MUST HAND THIS BOOKLET TO THE SUPERVISOR AT THE END OF THE EXAMINATION.




