See back cover for an English
translation of this cover

L |

91170M (I

NEW ZEALAND QUALIFICATIONS AUTHORITY
MANA TOHU MATAURANGA O AOTEAROA

Tohua ténei pouaka ména
QUALIFY FOR THE FUTURE WORLD KAORE koe i tuhi korero
KIA NOHO TAKATU KI T® AMUA AO! ki tenei pukapuka

Matai Ahupungao, Kaupae 2, 2022

91170M Te whakaatu maramatanga ki te ngaru

Nga whiwhinga: E wha

Paetae Kaiaka Kairangi
Te whakaatu maramatanga ki te ngaru. | Te whakaatu i te hohonu o te Te whakaatu i te t6topd o te
maramatanga ki te ngaru. maramatanga ki te ngaru.
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Tirohia kia kitea ai kei a koe te Pukapuka Rauemi L2—PHYSMR.
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© Mana Tohu Matauranga o Aotearoa, 2022. Pimau ana te mana.
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TE TUMAHI TUATAHI: TE AHUA O TE AHO

E mataihia ana e Helen te ahua o te ngaru i te
taiwhanga ahupiingao o te kura.

Ka tTmata ia ma te whiti 1 t€tahi hihi aho mai i te
hau takiwa ki roto i tétahi paraka koata kia 32° ai te
koki o te aho i roto i te koata, e whakaaturia nei ki te
hoahoa.

Te taupt hakoko o te kdata = 1.52
Te taupt hakoko o te hau takiwa = 1.00

Te tere o te aho i te hau takiwa =3.00 x 108 m s™!

He mea panoni i: https://en.wikipedia.org/wiki/Refraction#/
media/File:Refraction_photo.png

(a) Tataihia te koki whakapa.

(b) Ka panoni te ahunga o te aho ka tomokia ana te paraka.

(i)  Tuhia mai te ahua ka pa ki te tere o te aho ka tomokia ana te koata.

(i) Tataihia te tere o te aho i roto i te paraka koata.

(c) Inaianei ka whakamahi a Helen i t€tahi poraka porohita weherua, ka whakarerekehia ai te koki o te
aho e pa atu ana ki te paenga torotika, a, ka kite ia i te titohunga e whai ake nei:

He mea panoni i: https://www.youtube.com/watch?v=d7U3k2XtzVU
Matai Ahupiingao 91170M, 2022
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(1)  Tautohua te titohunga matai ahupiingao e kitea ana i te paenga torotika.

(i1) Whakaahuatia nga ahuatanga e rua me kite e puta ai t€nei titohunga.

(d) Katahi a Helen ka tuhura i tetahi mohiti kopapa.

Ka whakatiingia e ia t€tahi pine kia 7 cm 1 mua 1 te mohiti, ka kitea kaore e taea ¢ ia t€tahi matatuhi
te whakaatu ki te mata.

E 3 c¢m te wharoa arotahi o te mohiti.

Whakaotia te hoahoa hihi e whai ake nei, A, whakamahia 6 tataitanga hei whakaahua, hei
whakamarama ano hoki i te take kaore ia i te kite 1 te matatuhi i te mata.

Te pine
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Ki te hiahia koe ki te ta ané
i t6 urupare, whakamahia te
hoahoa kei te wharangi 16.

Matai Ahupiingao 91170M, 2022



QUESTION ONE: BEHAVIOUR OF LIGHT

Helen is investigating wave behaviour in the school
physics laboratory.

She starts by shining a ray of light from air into a
glass block so that the angle of light inside the glass
is 32°, as shown in the diagram.

(a)

(b)

(©)

Refractive index of glass = 1.52
Refractive index of air = 1.00
Speed of light in air =3.00x 10®ms!

Adapted from: https://en.wikipedia.org/wiki/Refraction#/media/
File:Refraction_photo.png

Calculate the angle of incidence.

The light changes direction as it enters the block.

(i)  State what happens to the speed of the light as it enters the glass.

(i) Calculate the speed of light within the glass block.

Helen now uses a semi-circular block and alters the angle that the light hits the straight side, and she
observes the following phenomenon:

Adapted from: https://www.youtube.com/watch?v=d7U3k2XtzVU

Physics 91170M, 2022
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(1)  Identify the physics phenomenon occurring at the straight boundary.

(i1)) Describe the two conditions required for this phenomenon to occur.

(d) Helen then investigates a concave lens.

She places a pin at a distance of 7 cm in front of the lens, and finds that she cannot form an image
on the screen.

The lens has a focal length of 3 cm.

Complete the following ray diagram AND use calculations to describe and explain why she cannot
see the image on the screen.

Pin

e
~L—
L
=Sk

If you need to redraw
your response, use the
diagram on page 17.

Physics 91170M, 2022
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TE TUMAHI TUARUA: NGA NGARU ME NGA TAUARAI AHO

Ka whakatau a Helen ki te tihura i nga nekehanga ngaru me nga nekehanga tauarai. Ka timata ia ma te
whiti i tetahi aho papura, kia 7.5 x 10" Hz te auau ki te patd.

(a) Tataihia te roa o te ngaru o te aho papura.

(b) Ka kitea e ia tétahi whaihanga tuihono o nga nekehanga ngaru ma t€tahi aputa i te tauarai. Ka
whakaritea e ia nga whaihanga e rua kei raro iho nei.

Whakaotia nga hoahoa e kitea ai te panga o te aputa ki nga ngaru.

te tauarai te tauarai

> >

v v

Ki te hiahia koe ki te )

ta and i to urupare,
whakamabhia te hoahoa

kei te wharangi 16. Y,

Matai Ahupiingao 91170M, 2022
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QUESTION TWO: LIGHT WAVES AND BARRIERS

Helen decides to investigate wave movement and barriers. She starts by shining a purple light, with a

frequency of 7.5 x 10" Hz, on the wall.

(a) Calculate the wavelength of the purple light.

(b)  She finds an online simulator of wave movement through a gap in a barrier. She sets up the two

simulations below.

Complete the diagrams to show the effect of the gap on the waves.

barrier

>

v

barrier

>

v

Physics 91170M, 2022

If you need to redraw )
your response, use the
diagram on page 17. )
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Katahi ia ka tore i taua aho tonu ki waenganui i nga aputa e rua, ka kitea ai te tauira e whai ake nei i te

mata.

(c)

(d)

Whakaotia he hoahoa tapanga ngaru hei whakaatu i te putanga mai o ténei titohunga.

Ki te hiahia koe ki te

te tauarai ta ané i to urupare,
_— whakamahia te hoahoa
v kei te wharangi 16.

Whakamahia nga matapono matai ahuptingao hei whakaahua, hei whakamarama and hoki i te
hanganga mai o te tauira kei te wahanga (c).

Timata ma te whakaingoa 1 te titohunga e kitea ana, ka matapaki ai 1 nga ahuatanga me kite e hanga
ai te tauira.

Matai Ahupiingao 91170M, 2022
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She then shines the same light through a double slit and observes the following pattern formed on a
screen.

(c) Complete a labelled wave diagram to show how this phenomenon occurs.

barrier

ﬁ If you need to redraw
your response, use the
diagram on page 17.

(d) Use physics principles to describe and explain how the pattern in part (c¢) is formed.

Start by naming the phenomenon that is taking place, and then discussing the conditions required
for the pattern to form.

Physics 91170M, 2022
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TE TUMAHI TUATORU: NGA HIHI AHO ME NGA HIHIKO | TE TAURA

Ka tiihura tonu a Helen i te aho me nga ahuatanga dmata. Ka whakatau ia ki te titiro ki nga matatuhi ka
hua mai 1 nga mohiti koropuku, ka whakatairitea ai ki nga whakaata.

Ka timata ia ma te whakanoho 1 teétahi rama ki mua i te mohiti me te titiro ki te matatuhi e puta ana ki te
mata.

(a) Whakaotia te hoahoa hihi e whai ake nei mo te rama kua whakattria kia 3 cm atu 1 te mohiti
koropuku e 2 cm tona wharoa arotahi.

o

=oK
=Sk

Ki te hiahia koe ki te ta ané
i t6 urupare, whakamahia te
hoahoa kei te wharangi 18.

(b) Katahi a Helen ka whakamatau 1 taua rama tonu ki mua 1 t€tahi whakaata koropuku e orite ana te
wharoa arotahi (e 2 cm), e oOrite ana hoki te tawhiti atu (e 3 cm).

(1)  Whakaotia te hoahoa hihi.

®

TN

1@

Ki te hiahia koe ki te ta ano
i t6 urupare, whakamahia te
hoahoa kei te wharangi 18.

(i) Whakaahuatia te hoahoa kua whakaputaina.

Matai Ahupiingao 91170M, 2022
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QUESTION THREE: LIGHT RAYS AND PULSES IN A ROPE

Helen continues to investigate light and optics. She chooses to look at the images formed by convex
lenses, and then compares these with mirrors.

She starts by placing a lamp in front of the lens and looking at the image formed on a screen.

(a) Complete the following ray diagram for the lamp placed at 3 cm from a convex lens of focal length
2 cm.

=sK
=Sk

If you need to redraw
your response, use the
diagram on page 19.

(b) Helen then tries the same lamp in front of a convex mirror of the same focal length (2 cm) and the
same distance away (3 cm).

(1) Complete the ray diagram.

®

TN

1@

If you need to redraw
your response, use the
diagram on page 19.

(i1)) Describe the image produced.

Physics 91170M, 2022
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(c) E hohonu ake ai te tihuraina o nga ngaru, ka tirohia e Helen te hua o te tuku i tétahi hihiko ma te
taura, otiia, ma t€tahi kua aukatia te pito i te tuatahi, katahi ka mahia ma t€tahi taura e watea nei te
pito.

I mua atu

te pito kua aukatia te pito kua watea

te pat he pou

Whakaotia nga hoahoa kei raro iho nei hei whakaatu i te takahuri haere o te hihko 1 ia ptinaha.

I muri iho

(1) (i)

te pito kua aukatia te pito kua watea

te pati he pou

Ki te hiahia koe ki te ta ano
i t6 urupare, whakamahia te
hoahoa kei te wharangi 18.

Ka rere tonu te Tadmahi
Tuatoru i te wharangi e
whai ake nei.

Matai Ahupiingao 91170M, 2022
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(c) To further investigate waves, Helen looks at the effect of sending a pulse down a rope, firstly with a
fixed end, and then with a free end.

Before

fixed end free end

wall pole

Complete the diagrams below to show the reflected pulses from each system.

After
(1) (ii)

fixed end free end

wall pole

If you need to redraw )
your response, use the
diagram on page 19. )

Question Three continues
on the next page.

Physics 91170M, 2022
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(d) I pirangi a Helen ki te kite ména ka taea e ia t€tahi matatuhi mariko te hanga ma t€tahi whakaata
kopapa.

(i)  Whakamahia tetahi hoahoa hihi hei whakaatu i te huarahi e tutuki ai ténei ahuatanga.

!

te hanga

Ki te hiahia koe ki te )

ta and i to urupare,
whakamabhia te hoahoa

kei te wharangi 20. )

(i) Whakaahuatia te hononga o te tiinga o te hanga ki te ataata.

(ii1)) Whakatairitea nga ritenga me nga rerek&tanga o te matatuhi (ména ra he péra) ki te matatuhi
mariko ka puta i t€tahi whakaata koropuku.

Matai Ahupiingao 91170M, 2022
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(d) Helen wanted to see if she could create a virtual image with a concave mirror.

(i) Use a ray diagram to show how this is possible.

object

~

If you need
to redraw your
response, use the
diagram on page 21 .

(i) Describe the position of the object in relation to the mirror.

(ii1)) Compare the similarities and differences of the image (if any) with a virtual image formed by
a convex mirror.

Physics 91170M, 2022
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HE HOAHOA WATEA

Ki te hiahia koe ki te ta and i to urupare ki te Timahi Tuatahi (d), whakamahia te hoahoa i raro nei. Kia
marama te tohu ko tehea te tuhinga ka hiahia koe kia makahia.

Te pine

L—

Ki te hiahia koe ki te ta ano 1 to urupare ki te Timahi Tuarua (b), whakamahia te hoahoa 1 raro nei. Kia
marama te tohu ko t€hea te tuhinga ka hiahia koe kia makabhia.

te tauarai te tauarai

— —

v \4

Ki te hiahia koe ki te ta and i td urupare ki te Tamahi Tuarua (c), whakamahia te hoahoa i raro nei. Kia
marama te tohu ko t€hea te tuhinga ka hiahia koe kia makahia.

te tauarai

>

v

Matai Ahupiingao 91170M, 2022
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SPARE DIAGRAMS

If you need to redraw your response to Question One (d), use the diagram below. Make sure it is clear
which answer you want marked.

Pin

~L—
B

e
1@

If you need to redraw your response to Question Two (b), use the diagram below. Make sure it is clear
which answer you want marked.

barrier barrier

— —

\4 \4

If you need to redraw your response to Question Two (c), use the diagram below. Make sure it is clear

which answer you want marked.

barrier

>

v

Physics 91170M, 2022
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Ki te hiahia koe ki te ta and i to urupare ki te Timahi Tuatoru (a), whakamabhia te hoahoa i raro nei. Kia
marama te tohu ko tehea te tuhinga ka hiahia koe kia makahia.

ﬁ@

1 e
1@

Ki te hiahia koe ki te ta ano 1 to urupare ki te Tumahi Tuatoru (b)(i), whakamahia te hoahoa i raro nei. Kia
marama te tohu ko t€hea te tuhinga ka hiahia koe kia makabhia.

@

TN

1@

Ki te hiahia koe ki te ta and i to urupare ki te Tamahi Tuatoru (c), whakamabhia te hoahoa i raro nei. Kia
marama te tohu ko tehea te tuhinga ka hiahia koe kia makahia.

I muri iho

(1) (i)

te pito kua aukatia te pito kua watea

te patd he pou

Matai Ahupiingao 91170M, 2022
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If you need to redraw your response to Question Three (a), use the diagram below. Make sure it is clear
which answer you want marked.

@

1 e
1@

If you need to redraw your response to Question Three (b)(i), use the diagram below. Make sure it is clear
which answer you want marked.

1@

If you need to redraw your response to Question Three (c), use the diagram below. Make sure it is clear
which answer you want marked.

After
(1) (ii)

fixed end free end

wall pole

Physics 91170M, 2022
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Ki te hiahia koe ki te ta and i to urupare ki te Timahi Tuatoru (d)(i), whakamahia te hoahoa i raro nei. Kia
marama te tohu ko tehea te tuhinga ka hiahia koe kia makahia.

!

te hanga

He wahi ano ki te hiahiatia.
Tuhia te tau timahi ména e hangai ana.

TE TAU
TUMAHI

Matai Ahupiingao 91170M, 2022
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If you need to redraw your response to Question Three (d)(i), use the box below. Make sure it is clear
which answer you want marked.

object

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

QUESTION
NUMBER

Physics 91170M, 2022
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He wharangi anoé ki te hiahiatia.
Tuhia te tau timahi ména e hangai ana.

TE TAU

TUMAHI

Matai Ahupiingao 91170M, 2022
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Extra space if required.
Write the question number(s) if applicable.

QUESTION

NUMBER

Physics 91170M, 2022
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91170M Demonstrate understanding of waves

Credits: Four

Achievement

Achievement with Merit

Achievement with Excellence

Demonstrate understanding of waves.

Demonstrate in-depth understanding of
waves.

Demonstrate comprehensive
understanding of waves.

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 Resource Sheet L2-PHYSMR.

In your answers use clear numerical working, words, and/or diagrams as required.

Numerical answers should be given with an appropriate Sl unit.

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—23 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.
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