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TE TUMAHI TUATAHI

(a) Whiriwhiria nga paronaki o te y = v3x—2.

Kdore he take o te whakariind i to tuhinga.

(b) Whiriwhiria te papatanga o te whiti o te panga f(¢) = t*¢* mehemea ko te = 1.5.

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

Te Tuanaki 91578M, 2023



QUESTION ONE

(a) Differentiate y=+/3x—-2.

You do not need to simplify your answer.

(b) Find the rate of change of the function f(¢) = t*¢* when ¢ = 1.5.

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

Calculus 91578M, 2023



(c) E whakaaturia ana ki te kauwhata te anau y = ( 1)3 , me te patapa ki te kopiko kua tuhia ki x = 1.
X+

>X
-1 I3 4

-2

3 KAORE i tuhia
o a-awhatatia
4 te hoahoa

Ka tuhia tetahi patapa tuarua ki ténei kopiko e whakarara ana ki te patapa tuatahi e whakaaturia
ana i te hoahoa.

Whiriwhiria te taunga-x o te ptiwahi e pa ai te patapa tuarua ki 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.

Te Tuanaki 91578M, 2023



(c) The graph shows the curve y=——
(x+1)

7 » along with the tangent to the curve drawn atx = 1.

>X
-1 I3 4

-2

-3 Diagram is
NOT to scale

4

A second tangent to this curve is drawn which is parallel to the first tangent shown in the diagram.

Find the x-coordinate of the point where this second tangent touches the curve.

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

Calculus 91578M, 2023
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(d) E whakaaturia ana ki te hoahoa kei raro iho nei te€tahi patapa e whakawhiti ana ma te piiwahi
P (p,q) e noho ana ki te porowhita ko ona wharite tawha ko te x = 4 cos & me te y = 4sin6.

P (p,q)

Whakaaturia ko te wharite o te rarangi patapa ko te px + gy = p> + ¢*.

Te Tuanaki 91578M, 2023



(d) The diagram below shows a tangent passing through the point P (p, ¢) which lies on the circle
with parametric equations x =4 cos @ and y = 4sin6.

P (p,q)

Show that the equation of the tangent line is px + gy = p* + ¢°.

Calculus 91578M, 2023
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(e) E whakaaturia ana te kauwhata o te y = x (x — 2m)?, y
mehemea ko te m > 0. Ko te tapeke o te wahi kua
kaurukutia i waenga i te kopiko me te tuaka-x,

4
mai ix =0 kix=2m, ka tohua ki te A:%.

Ka waihangatia inaianei t€tahi tapatoru koki-hangai ko S
tetahi akitu kei te (0,0) me t€tahi ano kei te kopiko o te ’
y =Xx(x —2m)?, e whakaaturia ana ki raro iho nei.

y

2m

. . . ) 3
Whakaaturia ko te horahanga morahi o t€tahi tapatoru pénei, ko te — o te wahanga kua
kaurukutia. 8

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.

Ehara i te mea me hapono rawa e koe, ko te horahanga i whiriwhiria ai e koe, he morahi.

Te Tuanaki 91578M, 2023
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(e) The graph of y = x(x — 2m)?* where m > 0, is shown. y
The total shaded area between the curve and the x-axis i
am*

fromx=0tox=2mis givenby A=

A right-angled triangle is now constructed with one

— 2 < S
vertex at (0,0) and another on the curve y = x (x — 2m)?, 5 x
as shown below. ‘

Show that the maximum area of such a triangle is % of the total shaded area.

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

You do not have to prove that the area you have found is a maximum.

Calculus 91578M, 2023



10

TE TUMAHI TUARUA

2
X

(a) Whiriwhiria nga paronaki o te f(x)= .
CoSX

Kdore he take o te whakariind i t6 tuhinga.

. . T
(b)  Whiriwhiria te ronaki o te patapa ki te kopiko y = cot(2x)1 te ptiwahi kox = o

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, 2023
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QUESTION TWO

2
X

(a) Differentiate f(x)= .
CoSX

You do not need to simplify your answer.

(b) Find the gradient of the tangent to the curve y = cot(2x) at the point where x = %

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

Calculus 91578M, 2023
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(d)

12

X

€

x> +2x

E tautuhia ana t€tahi kopiko ki te wharite f(x)=

Whiriwhiria te/nga uara-x o te/nga puwabhi 1 te kopiko ko te patapa ki te kopiko e whakarara ana
ki te tuaka-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.

Whiriwhiria te/nga uara-x o nga pawahi tipa i te kauwhata o te panga f(x) = 3x*In(x).
Me whakapono noa koe he puwahi tupa marika te/ngd piuwahi 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, 2023
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X

€

x> +2x

(c) Acurve is defined by the equation f(x)=

Find the x-value(s) of any point(s) on the curve where the tangent to the curve is parallel to the
X-axis.

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

(d) Find the x-value(s) of any points of inflection on the graph of the function f(x) = 3x*In(x).

You can assume that your point(s) found are actually point(s) of inflection.

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

Calculus 91578M, 2023
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E rere ana tetahi toparere pirihimana i runga ake i tétahi wahanga huapae torotika o te huanui
matua e whaiwhai ana i t€tahi motoka e tere ana te haere.

E piimau ana ki te 72 m s! te tere o te rere o te toparere, a, e pumau ana te teitei ki te 400 mita i
runga ake i te papa. E whai nei te toparere kia tae atu ia ki te motoka.

Ka 2500 mita ana te tawhiti totika o te toparere i te motoka, ko te 0.002 rad s! te papatanga o te
tupu o te koki taheke, €, i waenga i te huapae me te rarangi titiro, atu i te toparere ki te motoka.

Te rori Te motoka

He mea whakahangai i: https://animalia-life.club/qa/pictures/police-helicopter-drawing, https://www.freepik.com/premium-
vector/car-sedan-suv-drawing-outlines-converted-objects_17981778.htm

Tataitia te tere o te motoka i ténei wa.

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.

He wahi andé mo to tuhinga ki
ténei tamahi i te wharangi 16.

Te Tuanaki 91578M, 2023
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A police helicopter is flying above a straight horizontal section of motorway chasing a speeding
car.

The helicopter is flying at a constant speed of 72 m s™! and at a constant height of 400 metres
above the ground. The helicopter is attempting to catch up with the car.

When the direct distance from the helicopter to the car is 2500 metres, the angle of depression, &,
between the horizontal and the line of sight from the helicopter to the car is increasing at a rate of
0.002 rad s™'.

Helicopter

A
1
1
1
1
1
1
1
1

400 metres

v Road Car

Adapted from: https://animalia-life.club/qa/pictures/police-helicopter-drawing, https://www.freepik.com/premium-vector/car-
sedan-suv-drawing-outlines-converted-objects 17981778.htm

Calculate the speed of the car at this instant.

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

There is more space for
your answer to this question
on the following page.

Calculus 91578M, 2023



16

Te Tuanaki 91578M, 2023

IAVA EITUH) i Té
:uA [ TUHH 7-.5 v

TUHH TE AR
I rE Wik "N} K
H\'.NE‘ KAuAt 1’L
| . uE\ \mu

3
PUAE THp 7
B TUHI L iy A
ewgnie) ¥
s T
‘KAUA E-TUHI ETE'
AUA E Tqu 1 rg \Z
. E TUHI 1.7 Wil
'Hl I Ty NE
WH NE! KAV
i KAURETU
i
METUHI 75 \am
/“'.ﬂ' 3 _;vp.é\ NEL
duar REF KAUA
;_\ KA'UA' E Tu;” }
AUAE £ T!JHr ! ;E v
ETU e g
01 Th WA E!
rEwai N KA
nE\ \QWB E TQ

JAANE D KAUA .

EWAH \\S‘E‘ i«
UHJ ITE wpm\ N
TE wa g <A

e -\(p:UA ETU
'E\ KAUAE TUHI,

AUr

Fbieui
'HH' I T'E Ve NE!
0 T wkH\ NEl KA
A ER RAUAG
2N KAU/.\ = TUHI ,
[T NE X
N KAUAETU
1 g
g KA

‘E\_ " KAUA E'Tqm

178 yar g 2K
A1 7 Wy \'EE‘?
i,
i
ETURI I TE AN
HIETE ARNE
pusga e
ETURI [ TE' WA

SONE TR e,
VAVAETOhy

IRERRES
_TF UK Te o
{THHITTE A
11 fe ypin REF X
r;a.-\\ NEL Q0 !‘ O'T
WHI) TE WAk
E e
FTUHL e dyan 8
{13 el !
/AHLNE‘ WAE
H\-_Na\ ‘KA\JA T.‘
AE L
SAETUH I TE Wi
WAUAE TUR o7

PAETUHI Feiys
(T e g

RECIE
i 81 1

;TUHH 17E sz\‘
n ra VA o

NE‘ KAUA ETOH

Ewhane W
g KAOAET
HITE v
e KAUAE FUF
I TE WA NE
.A'«AﬁA.'E TUH) 17
DAE TURL ety
bkl 7 WAE“":
11 wm et
V'AH\NE AE

Uy l'rE WAH\T
E pyAr ES KAV




rriishRER OO
5 ARER boNgT
AREA Do NOT.
DONOT v'vR,T_E

. WR"’E ‘lN ‘IHIS

a.,N'.MS AREA '
s KREA

REA DO NOT
T
ETE g
u' Tl:uSJ\RE o
s 191 100

ZpRER BONAT

t BONOT WR’J
‘NOT W‘?xre e
‘77'5 IN-TH‘S ARE/
TR i
S AREA BONOT
A /DO NOTWRy

NOT WA - -
NOTWRITE
¥TE N Tiis MRE
s AREA e

o ko
e, 00 80T
en DO NOTWRy,
ONOT WRITE,

WRiTE £ N THISA
B IN TH\S ARFJ\
o NOT WR/TE
A~DO NOT- wn,
.E ST
JONQT WRiTa),
WRITE INTHIS A
& IN TENSIARER
JAREA DO LOT
2 sy
DO NOT VIR
O iy i
TEIN THis AREA
BONAT WRirg,
YRITE s
DINOTWRI7g
O R

E N s adER
5A DQ WD'I'Wk/

xeh B0 NO.T WF
BO-NOT WRYTE )
)T WR’ fE N THIS
RE" BO-NGT WF
» NDT'Wk,Tf P
ge:* 00 NOT w
PINSTWRE,
7 WRITE I i
RITE s
aRER, 0O K0T

s eEh 0

< ik QONTT
L ob ot v
soh iy,

T WRITE NS

NOT o
Noj "!Rl:rE,N T
REP‘ no NO.T ws

O-NOT vw;,ré

YORITe i)
'\_NR’ 7"&: II:)_ T‘ﬂIS-"AF
S ARER boNeT
i ARERLDE

DINDTWEE
o iger,*
RITE Iy rhig nSE
0D NOt Wrize

iy IR THISY

RITE 1y reusinrs
e i s AREN
<k BONIT i

N-'TH\sARéA
.“sARE'\.D. .
REA PONOTW
DO NDTWRITe
T WRire, s
'IWRHEIN THis
ek B0 o,
3NOTwn,ré Y
2 DO'NAT Wi

n

17

Calculus 91578M, 2023



18

TE TUMAHI TUATORU

(a) Whiriwhiria nga paronaki o te y = In(x* — x* + 1).

Kaore he take o te whakariuna i to tuhinga.

(b) E whakaaturia ana i te kauwhata kei raro iho nei te panga y = f(x).

M0 te panga kei runga ake nei:

(i)  Whiriwhiria te/nga uara o te x mehemea e motukore ana te f(x), engari kaore ¢ taea te
whiriwhiri ona paronaki.

(i1) Whiriwhiria te/nga uara o te x mehemea e motuhenga ana te f/'(x) = 0 me te /"' (x) <O.

(111)) Ko te ahate varaote lim f(x)?
x—6

Me ata whakamarama mehemea karekau he uara.

Te Tuanaki 91578M, 2023
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QUESTION THREE

a) Differentiate y = In(x*> —x* + 1).
(a) y

You do not need to simplify your answer.

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

N
N>
v
=

For the function above:

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

(1)  Find the value(s) of x where f’(x) = 0 and /" (x) < 0 are both true.

(ii1) What is the value of lirn6 f(x)?
xX—>

State clearly if the value does not exist.

Calculus 91578M, 2023
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Ka eke a Char i tetahi porowhita hurihuri tino nui. [ aia e
huri haere ana, e taea ana tana taunga te whakaahua ki &nei

wharite tawha e rua:

20

x=5\/5sin %t metey=10—5\/§cos %t

mehemea ko te 7 te wa, a-hekona, mai i te timatanga o te ekenga.

Whiriwhiria te ronaki o te rarangi hangai ki t€nei anau i te wa

ko te ¢t = 6.25 hekona, i muri i te timatanga o te ekenga.

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 matapuna: www.greenbaypressgazette.
com/story/news/2019/06/27/bay-
beachs-new-big-wheel-rolls-into-action-
july-2/1582740001/

Te Tuanaki 91578M, 2023
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THiS RS . .
JER 2O VOTY (c) Char goes for a ride on a Ferris wheel. As she rotates around,

0D NOT Wiz

R her position can be described by the pair of parametric

S+ toEAs DO
(s PREAL B

equations:

N+ 1 . | 7t Tt
TR x= 5\/5 sin| — |and y=10-5v2cos| —
ST 3 5

S pREA BONOT . . . .

r o9 NOTWR where ¢ is time, in seconds, from the start of the ride.

i 8! Find the gradient of the normal to this curve at the point when

o odnaTiny t = 6.25 seconds, after the start of the ride.

ONCT WRITE,

PRITE Iy s

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

Source: www.greenbaypressgazette.
o i) com/story/news/2019/06/27/bay-

oD NOT WR/ge beachs-new-big-wheel-rolls-into-action-

july-2/1582740001/
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e : : 1 2
(d) Whiriwhiria nga taunga o nga ptwahi tiinoa i te kauwhata o te panga f(x)=—-— — > mete
tautohu and i te ahua o aua ptawahi. rox

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

Te Tuanaki 91578M, 2023
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} ) : ) ) 1 2

(d) Find the co-ordinates of any stationary points on the graph of the function f(x)=———
X

3 b
identifying their nature. X

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

Calculus 91578M, 2023
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Ka tautau t€tahi waea hiko i waenga i nga pou e rua.

Ka taea te whiriwhiri te wharite o te kopiko y = f(x)
e whakatauira ana i te ahua o te waea hiko ma te whakaoti i te
wharite paronaki:

Whakamahia te paronaki hei hapono i te whakaea a te panga
X X
y= % e’ +e “ |1te wharite paronaki o runga, mehemea he tau

pumau torunga te a.

Te matapuna: www.thelocalelectrician
.com.au/power-lines-power-pole-who-
is-responsible/

Te Tuanaki 91578M, 2023
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A power line hangs between two poles.

The equation of the curve y = f(x) that models the shape of the
power line can be found by solving the differential equation:

X X

. L . . al 4. ~a

Use differentiation to verify that the function y = 5 e’ +e ¢

satisfies the above differential equation, where a is a positive
constant.

Source: www.thelocalelectrician.com.
au/power-lines-power-pole-who-is-
responsible/

Calculus 91578M, 2023
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He wharangi ano ki te hiahiatia.
Tuhia te tau timahi ména e hangai ana.

TE TAU

TUMAHI

Te Tuanaki 91578M, 2023
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Extra space if required.
Write the question number(s) if applicable.

QUESTION

NUMBER

Calculus 91578M, 2023
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English translation of the wording on the front cover

Level 3 Calculus 2023
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 any cross-hatched area (

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

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