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The formulae below may be of use to you.
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QUESTION ONE: PHOTONS

(a)

(b)

Radius of Earth =0.37x 10°m Mean Earth-Sun distance =1.50 x 10" m

Mass of Earth =598 x 10* kg Mass of Sun =199 x 10* kg
Speed of light =3.00x 10®¥m s’ Planck’s constant =6.63x10*7Js
Surface area of a sphere = 4mr?

The description of the photoelectric effect and the Bohr model of the atom both involve
the concept of the quantisation of energy. There are similarities and differences in how this
concept is applied in these contexts.

Describe ONE difference in the use of the concept of the quantisation of energy between the
photoelectric effect and the Bohr model of the atom.

A laser typically consists of a medium «——50cm———>

that emits light placed between two < -
mirrors that form a cavity, as illustrated ~ Mirror Mirror
on the right. The cavity is similar to a

closed box for the emitted light waves. Light-emitting medium

The light-emitting medium can emit a continuous spectrum of light within a narrow range of
wavelengths. The minimum wavelength of emitted light is 480 nm (4.80 x 10”7 m), and the
maximum wavelength is 490 nm (4.90 x 10”7 m). The cavity is 5.00 cm long.

Some wavelengths within this range are able to form standing waves within the cavity. These
are called standing wave modes.

Calculate the total number of standing wave modes possible in the cavity within the emitted
480—490 nm range.
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The process of nuclear fusion in the Sun releases energy which spreads through space in the
form of electromagnetic radiation. The photons that make up this radiation carry momentum
as well as energy, with the momentum per photon given by:

P=z

where h is Planck’s constant, and 4 is the photon wavelength.

The Sun loses 4.30 x 10° kg of mass each second due to nuclear reactions.

Estimate the force exerted on the Earth by the photons it receives from the Sun.

Assume each photon has a wavelength of 550 nm (5.50 x 10”7 m), and that every photon that
reaches Earth is absorbed.

(i) Comment on the significance of the size of the force exerted on the Earth by the
photons.

(i1) If the Earth were covered by ice it would be more reflective.

Explain how this would affect your answer to part (c).
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QUESTION TWO: WAKA HOURUA

The history of sailing in New Zealand goes right back to the original settlement by ancestors of
Maori, more than 700 years ago. The ancestors, from Polynesia, designed double-hulled boats with
triangular sails, called waka hourua, that were strong, stable, and most importantly, able to sail into
the wind. This allowed them to carry out exploratory voyages. From such exploration, they were
able to plan and carry out their migration to Aotearoa. Waka hourua are able to sail against the wind
by heading at an angle to the wind, as shown in the simplified diagram below right.

Velocity of
waka hourua, v

velocity, v, ,

Raa matua
(mainsail)

Raa kei

(mizzen sail)
N
Final wind velocity w E
after striking sails, v,

As measured by a stationary observer, the initial wind velocity is 10.0 m s from the north, the
velocity of the waka hourua is 6.00 m s™' to the north-east, and the final wind velocity is 10.0 m s
towards the south-west, in the opposite direction to the velocity of the waka hourua.

Initial wind

Adapted from: www.sciencelearn.org.nz/images/701-te-aurere

(a) (i) By considering the wind direction before and after striking the sails, use impulse and
momentum to explain how the wind produces a force on the sail.
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(i1)) Explain how the wind produces a force on the waka hourua that has a component in the
direction that the waka hourua is travelling.

Use the grid below to draw a vector diagram to help your explanation. The vectors for
the initial wind velocity v_., the final wind velocity v_, and the velocity v of the waka
hourua are drawn on the grid to help you.

Start your answer by finding the vector for the change Av_ in the velocity of the wind.

If you need
to redraw your

response, use
the diagram on
page 14.

wf

wi

(b) The motion of the waka hourua combined with the motion of the Apparent wind
wind changes both the apparent speed and direction of the wind speed 14.9m s f28.4°,
hitting the sails. On board the moving waka hourua, the wind appears

to have a higher speed, and to come from a direction further towards Y il
the front of the waka hourua. The captain measures the wind velocity Area=40.0 m?
as 14.9 m s! that hits the sails at an angle of 28.4°, as shown in the

/

diagram on the right. The sails have a combined area of 40.0 m.
The density of air is 1.23 kg m™.

Calculate the mass of air that hits the sails each second.

Physics 93103, 2022



(©)

8

The sideways force of the wind on the sails causes the

waka hourua to tilt over sideways. In strong winds, the Force from wind

. . .. . hitting sail
upwind side of the hiwi (hull) may lift out of the water
altogether.
(i)  Explain how the double-hulled design of the waka ' '
hourua helps it stay upright in strong winds.

You may wish to add information to the diagram to
illustrate your answer.

(i1)) Explain how the tilting of the waka hourua will affect the force produced by the wind
hitting the sails.
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Due to the sideways component of the force from
the wind, the velocity of the waka hourua is in a
slightly different direction to the direction that the
hull is pointing. This slight difference in directions
creates an asymmetrical flow of water around the
sides of the hull, which produces a sideways force
on the hull of the waka hourua, as shown in the
diagram on the right.

Explain the effect the sideways force produced

by water flow around the hull will have on the
direction of motion, and on the ability of the waka
hourua to stay upright in strong winds.

Physics 93103, 2022

Direction in which
waka hourua is pointing

Velocity of

Sideways force waka hourua, v

produced by
water flow

Sideways component of
force produced by wind



10

QUESTION THREE: MAGNET SLIDER

Acceleration due to gravity = 9.81 m s

A metal roller of mass m slides without friction down
parallel conducting rails of negligible electrical resistance.
The rails are separated by a distance L, and are connected
to each other at the bottom by a resistance R, forming a
closed rectangular conducting loop with the rails and the
roller. The plane of the rails makes an angle 6 with the
horizontal, and a uniform vertical magnetic field B exists
throughout the region.

As the metal roller slides down the rails through the magnetic field, it reaches a constant velocity v.
(@) (i) Show that the constant velocity achieved by the roller through the magnetic field is
given by the relationship:

_ mgRtan6

y= Equation #1
B*I*cos q

(i) Explain what difference, if any, it makes to the constant velocity v, if the magnetic field
is in the opposite direction.

Physics 93103, 2022



11

For small values of 8, Equation #1 may be approximated as:

3
V= mgR X (9 + EJ Equation #2

B’ 6

(b) An experiment is set up with B=2.00 T, L = 0.500 m, m = 5.00 x 103 kg, and R = 10.0 Q.

Determine the accuracy of Equation #2, compared with Equation #1, at 8 = 25.0°
(0.436 radians).

(c) By calculating the velocity at the high angle of 8 = 85.0°, explain if this equipment would be
suitable for testing whether Equation #1 is accurate at high angles of 6.

(d) Explain whether Equation #1 remains valid if the roller rolls rather than slides down the
slope.
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QUESTION FOUR: ORBITAL DYNAMICS

Universal Gravitational Constant = 6.67 x 10! N m* kg Mass of Sun  =1.99 x 10¥ kg
Period of Earth’s orbit =365.25 days Mass of Earth = 5.98 x 10 kg

The James Webb Space Telescope (JWST) has \ |

amass of 6.16 x 10° kg. It was launched on Sun }‘.\ Earth "T

Christmas Day 2021 and is now orbiting at a O _____________ ‘ _____ & JWSTatL2
. . . . 1 Lagrange point

point called the L2 Lagrange point, where it will ! !

remain in a direct line with the Sun and Earth as « 150 % 10" m /\7‘1,50 x 109mi'

shown right. ' .

(@) (i) State the period of the orbit of the JWST around the Sun.

(i1) Calculate the net force acting on the JWST at the L2 point.

An approximation for two bodies in orbit around each other is that the period 7 of the orbit can be
determined using the relationship:

qo_ATR ‘ )
Gml "'\ ml/R/ \:’
where R is the distance between the centre of masses of the two

objects, and m, is the mass of the more massive body. e
(b)  One assumption of the relationship above is that m, is much greater than m,.

(1)  Explain why it is necessary to assume that m, is much greater than m, to derive this
relationship.

(i1) State another key assumption of this relationship.

Physics 93103, 2022



(c)

(d)

13

In the case that m | is not much larger than m,, show that the period of the orbit is given by the

relationship:
AR’

2 _
d _G(m1+m2)

Any other assumptions made for the relationship given on page 12 are still valid.

The phases of the Moon are caused by the relative
positions of the Sun, Earth, and Moon. A full moon
occurs when the Sun, Earth, and Moon are directly
aligned. The Moon takes 27.3 days to complete one
360° orbit around the Earth. However, because the Moon
must orbit more than 360° to return to a direct alignment G
with the Sun and Earth (as shown in the diagram on the

right), the time between one full moon and the next is

more than 27.3 days.

Show that the time between one full moon and the next is 29.5 days.

Physics 93103, 2022



14

SPARE DIAGRAMS

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

wf

wi

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

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

QUESTION

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

QUESTION
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