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This report is about how interactions between the Sun and the Earth-Moon system affects Earth. There
are three parts that cover three different effects. Use specific evidence from the resources and your own
knowledge to answer all parts of the report.

PART ONE: LUNAR PHASES

In a lunar month, the Moon passes through different phases.

Discuss the different phases of the moon shown in the Resource Book.
In your answer, you should explain:

. Why we see these different phases of the Moon.

. Why the lunar cycle (new moon to new moon) takes 29.5 days.

. Why the Moon rises at different times each day.

PART TWO: TIDES

From time-to-time Aotearoa/New Zealand experiences king tides (perigean spring tides) in addition to
the normal high and low tide cycle.

Discuss the different types of tides experienced in Aotearoa/New Zealand.

In your answer you should explain:

. How normal high and low tides form.

. Why two high and two low tides occur every day.

. Why spring and neap tides occur every 14 days. Refer to the data in the table.

. Why Aotearoa/New Zealand experiences king tides (perigean spring tides) at irregular intervals of
time.

PART THREE: SEASONS

Aotearoa/New Zealand experiences four seasons every year — spring, summer, autumn, winter — whereas
other parts of the Earth do not.

Discuss how seasons vary across the Earth.
In your answer you should explain:
. Why Aotearoa/NZ experiences four different seasons.

. Why the United Kingdom in the Northern Hemisphere experiences the same four seasons, but at
different times of the year.

. Why the Equator experiences little seasonal variation compared to Aotearoa/New Zealand.
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PART ONE:

Figure 1: Lunar Phases Southern Hemisphere
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Adapted from: www.sciencelearn.org.nz/images/684-moon-phases-from-the-southern-hemisphere

Table 1: Moonrise times for four consecutive days in Aotearoa/New Zealand

Date

18 July 2023

19 July 2023

20 July 2023

21 July 2023

Time

07:59 AM

08:37AM

09:08 AM

09:35 AM
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PART TWO: TIDES

Figure 2: Tides
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Adapted from: www.tigermarinecharter.com/tides-where-does-the-water-go-when-the-tides-go-out/

Table 2: Time between tides

Type of tide Time between times
High 12 hours 25 minutes
Spring 14-17 days

Neap 14-17 days

King (perigean spring tide) Approx. 7 months

Figure 3: The Moon’s orbit
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PART THREE: SEASONS

Figure 4: The Earth’s Orbit
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Adapted from: www.timeanddate.com/calendar/aboutseasons.html/

Seasons indicated are for the Southern Hemisphere.

Figure 5: World map showing New Zealand and the United Kingdom
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PART ONE: LUNAR PHASES

We see different phases of the moon because the moon orbits the earth and as it does so we
see the same surface of the moon with different amounts of lit area on the surface. As the
moon travels between the sun and earth we see a new moon because the sun is hitting on the
side of the moon turned away from us. As it travels around earth we start to see a part of the
moon and into the first quarter. Then as it travels behind earth, now earth is between the moon
and the sun we see a full moon. This is because the surface where we see is now facing the
sun and can be lit by it. The moon keeps moving and the lit area from where we can see it
becomes smaller and smaller until it becomes a new moon again. This whole process takes
29.5 days, because it is how long the moon takes to orbit the earth. The moon rotates its axis
that stays on the same tilt once as it orbits the earth once, and we always see the nearside of
the moon. The earth stays at a tilt all the time, however as the moon orbits, earth would be
tilted differently towards the moon, away from it or at small differences in between. Therefore
the moon would rise at different times each day because it would be around different areas of
the earth’s tilt. Also the moon moves east everyday and it would take the earth's rotation a little
longer until it catches up and we can see the moon. So it would look like the moon rises a little
later each day. If all the months were 29.5 days long, then on the same day each month the
moon would rise at the same time.



PART TWO: TIDES

The moon has gravity that pulls on the earth, it creates tidal bulges on both sides of earth. The
tidal bulge on the opposite side is caused because of the centrifugal force. At the same time the
moon has gravity pull on the earth, the sun also does. When the moon and sun are lined the
combined force is very large and causes a spring tide. When the moon and sun are at a 90
degree angle the combined force is weaker and this is a neap tide. The height of the daily tides
change over a month because the moon is moving and the distance from the sun is different.

A king tide is a very large spring tide, it occurs when the moon is at a perigee where it is closest
to earth. Spring tides and neap tides happen every 14-17 days because the moon is moving
and the height of the wave depends on the position of the earth, moon and sun. We experience
two high tides and two low tides everyday because of the rotation of the earth, and there are
two high tides and two low tides caused by the moon’s gravity and centrifugal force. As the
earth rotates during a day we turn around once experiencing the low and high tides. New
Zealand experiences king tides on irregular intervals of time because king tides are very rare
and only happen when the moon is at a perigee and is inline with the sun, this is very hard to
happen and because our latitude is slightly larger on earth so it happens at irregular intervals for
us.



PART THREE: SEASONS

Some parts of the earth experience four seasons and some don't, Antarctica only has two
seasons because it is either tilted away or towards the sun and doesn't have much difference in
between. However New Zealand has four seasons because we have a smaller latitude and
experience more tilt differences as we move around the sun and so NewZealnd experiences
sunlight all year round. As the earth orbits the sun it’s tilt stays 23.5 degrees all year round. We
are in summer when we are tilted towards the sun and receive more direct sunlight and
therefore have warmer temperatures. As our earth rotates and we are tilted away from it,
receiving sunlight on a more tilted angle, the temperature is lower because the energy is spread
across a larger area. This is when autumn comes for us. When we completely tilt away from
the sun it is winter, as we keep moving around the sun we start to tilt back towards the sun and
it is spring, when we completely turn towards the sun it becomes summer again.

The United Kingdom experiences the same four seasons at different times of the year compared
to us because they are in the northern hemisphere, while we are in the southern hemisphere.
This means when we are tilted towards the sun they are tilted away from the sun and therefore
we experience different seasons at different times.

The earth had the same tilt all year round. The equator experiences little seasonal difference
because as the earth rotates the sun they stay in the middle and don't experience much tilt
difference when turning away or towards the sun, compared to New Zealand which has a larger
latitude and experiences more tilt difference along the year.



Achievement

Subject: Physics, Earth and Space Science RAS
Standard: 92046
Total score: 10
Grade
Q score Marker commentary
Candidate has identified that Moon’s orbit around the Earth causes
One A3 phases, why new moon to new moon takes 29.5 days and positions of
moon and sun for three phases of the moon.
Candidate has defined perigee and apogee as well as why spring and
Two A3 : .
neap tides occur at 14—-17 day intervals.
Candidate has described that the seasons are caused by Earth's tilt
Three A4 and orbit, temperature variation being smaller at the equator and that
summer and winter occur at different times.
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PART ONE: LUNAR PHASES

The Moon has 8 different phases and they are caused because the Moon orbits around the
Earth, and this causes different parts of the Moon to appear to be lit up by the Sun. There are
two sides of the Moon and we can only see one of them (half). The near side which is the one
we can see, and the far side which is the other half of the Moon you cannot see from Earth. The
far side of the moon is only visible if you go to space. We only see one side of the Moon
because the Moon rotates at the same speed it rotates around the Earth. There are four main
Lunar Phases in the Southern Hemisphere starting with the New Moon, then it goes to the First
quarter half Moon, Full Moon, Third Quarter Half Moon and it goes back to the New Moon, and
the cycle restarts after every 29.5 days. The New Moon is fully dark, so it is not very visible from
Earth because there isn’t enough sunlight to light it up, however, sometimes you are able to see
an outer line around the New Moon and that happens because the sunlight that is reflecting off
Earth reflects on the Moon, different from the Full Moon that is fully lit by the sunlight. The first
and the third quarter half Moon, as the name says, only half of the Moon is lit up. The lunar
cycle takes 29.5 due to the Earth’s orbit around the Sun. It takes 29.5 for the Sun to be aligned
with the Moon and the sunlight to hit the Moon the same way it did on the first day of those 29.5
days. The Moon rises at different times each day because it depends on where the Moon is
relative to the Earth and the Sun and that will determine when the Moon will rise everyday, and
that is why sometimes the Moon rises earlier or later.



PART TWO: TIDES

Tides happen because of the gravitational pull of the Earth which causes the tides to either be
high or low. There are two main different types of tides, Neap tide and Spring tide, and they both
occur every 14-17 days. This occurs when the Moon’s tidal bulge is aligned with the Sun’s tidal
bulge. Spring tides occur during a full moon or new moon, neap tides occur during a first quarter
half moon or a third quarter half moon. Neap tide occurs when the Moon is 90 degrees to the
Sun, which then causes the pull of the Moon and Sun to be weak causing the tides to be low,
and they happen during a spring tide. Neap tides cause high tides to be lower than usual and
low tides to be higher than usual. Spring tides occur when the Moon and the Sun are in the
same direction. When spring tides occur, high and low tides become stronger or weaker than
usual. High tides get higher and low tides get lower, and this causes a large tidal range.
Everyday two low tides and two high tides occur, and this is because the Earth rotates through
two tidal bulges in a lunar day. King tides is the other type of tide, New Zealand experiences
king tides at irregular intervals of time because king tides only occur when the Moon is at its
perigee phase (they only happen approximately between 7 months) which means that it is when
it is closest to the Earth. When the Moon is closer to the Earth the tides tend to get higher, and
that is what king tides are. King tides are stronger than spring tides, and this is because the
Moon is closer to Earth during a king tide than it is during a spring tide.



PART THREE: SEASONS

There are four seasons, spring, summer, autumn and winter, and depending on where you
are in the World you might experience them at different times of the year. This happens
because of the Earth’s tilted axis.

New Zealand experiences four different seasons because of the Earth’s tilted axis,
throughout the year New Zealand might experience these four seasons because of the
Earth’s orbit around the Sun. The Sun always hits different parts of the Earth, this means
that if the Sun is hitting the Southern Hemisphere (where we are) it will be summer for us,
meaning that the days will be longer. If the Sun is hitting away from the Southern
Hemisphere, it will be winter for us, and the days will be shorter. And this cycle continues to
happen every year.

In the Northern Hemisphere, the United Kingdom experiences the same four seasons
however at different times of the year. This happens because of the Earth’s tilted axis being
tilted with respect to its orbital plane, so when the Southern Hemisphere is facing the Sun,
the Northern Hemisphere is obviously facing away from the Sun, and as the Earth orbits
around the Sun, the Northern Hemisphere will experience Summer, for example, at a
different time of the year.

The Equator experiences little seasonal variation compared to New Zealand because of the
angle of the Sun that is directly facing the Equator. This causes the areas around the
Equator such as most of South America, to be hotter than most places around Earth.

In conclusion, seasons occur because of the tilt of Earth’s axis.



Merit

Subject: Physics, Earth and Space Science RAS
Standard: 92046
Total score: 15
Grade
Q score Marker commentary
Good point about seeing one side of the moon, describes the phases,
One A4 doesn’t explain the positions of the Earth-Moon and Sun for the different
phases of the moon.
Would have got Achievement with Excellence if they had explained
Two M6 | high and low tide formation; candidate has explained why New
Zealand experiences king tide, spring, and neap tide.
Three M5 Candujatef has explained why the two hemispheres have seasons at
opposite times.
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PART ONE: LUNAR PHASES
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PART TWO: TIDES
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PART THREE: SEASONS
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Excellence

Subject: Physics, Earth and Space Science RAS
Standard: 92046
Total score: 19
Grade
Q score Marker commentary
Candidate has explained two phases of moons in terms of their relative
One M5 .
positions of Earth-Moon-Sun system.
Two E7 Candidate has discussed why Aotearoa/NZ experiences king tides at
irregular intervals.
Candidate has discussed how the relationship between Earth and Sun in
Three E7 . . e .
terms of orbit and tilt can cause variation in radiation and seasons.
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Achievement

Subject: Physics, Earth and Space Science RAS

Standard: 92047

Total score: 10

Grade
Q score Marker commentary
Correct description of energy transfers.
Correct calculation of the average friction force without the required
difference between KE and GPE.
One A3 Correct formula selected but inferred final value and no accounting for
only 80% of the energy going to heat.
Unable to explain or analyse the energy changes in the given context.
No recognition of W = Fd or valid changes in energy.
Correct use of V = IR and change of subject to find R.
Correct identification of the circuit type but explanation to justify the
same level of brightness — the same PD across both bulbs.
i Ad Correct power for a single lamp and then conversion of time into sec-
onds to give a correct energy for a single lamp.
Correct description of the energy changes in a filament lightbulb. In-
correct explanation or analysis of why the given features of a filament
lightbulb are important to its function.
Demonstrates understanding of convection.
Demonstrates understanding of low bonding between gas particles
compared with solids and liquids. No explanation of relative energy
Three A3 . .

of particles at different temperatures.
Correct formulae selections and conversion of minutes to seconds but
incorrect change in temperature.
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Standard:

Total score:

Merit

Physics, Earth and Space Science RAS

92047

16

Q

Grade
score

Marker commentary

One

M6

Candidate did not demonstrate a clear understanding of energy trans-
fers in falling objects.

The candidate correctly found the difference between GPE and KE
but did not then complete the final calculation to find the average
force of friction (F = WId).

The candidate used the correct formula but did not apply the 80% to
0.537 before completing the calculation.

The candidate showed a clear understanding of W=Fd and that when
“net” forces are zero no work is done in (i) and (ii). The candidate
also recognised that to climb the stairs forces must be unbalanced so
work is done.

Two

A3

Correct use of formula R = V/I.

Correct identification of the parallel circuit but no clear link to each
pathway in the circuit having a PD of 4.5 V

Correct use of P=VI to calculate the power of a single bulb. Incor-
rect conversion of 2 hours into 7200 seconds resulting in a error to
calculate total energy used by a single bulb. The candidate also
recognised that they needed to account for the energy used by both
bulbs.

The candidate did not demonstrate understanding of energy changes
in a filament lightbulb and was not able to link the described features
of a filament lightbulb with their benefits.

Three

E7

Showed understanding of convection.
Describes density in terms of particle movement and spacing.

Correct calculation of energy used in four minutes but no conversion
of time to seconds.

Good description of conduction and explaining how conduction is less
effective in air compared with solids due to particle spacing and that
the layer of air slows heat transfer between the curtain and the glass.
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Subject:
Standard:

Total score:

Excellence

Physics, Earth and Space Science RAS

92047

22

Q

Grade
score

Marker commentary

One

M6

Correct description of energy changes.

Correct calculations of GPE and KE to show the quantity of energy
changed into other forms but no calculation to find the average force
of friction.

Correct calculations to find the proportion of energy converted to heat
and then the change in temperature of the ball.

Use of W= Fdin (i) showing since d = 0 then % = 0. Incorrect under-
standing of the physical system in (ii). Correct explanation in (iii) that
changes in GPE mean work is being done.

Two

E8

Correct use of R = V/I

Correct identification of the parallel circuit and that each pathway in
the circuit has a PD of 4.5 V.

Correct use of P = VI to calculate the power of a single bulb and con-
version of 2 hours into 7200 seconds. The candidate also recognised
that they needed to account for the energy used by both bulbs.

Correct energy changes in the filament lightbulb and analysis of why
the given features of a filament lightbulb are important to its function.

Three

E8

Correctly describes convection.

Describes density in terms of cooler air having lower particle energy
linked to less movement and reduced spacing compared to warmer
air.

Correct calculation of energy used in four minutes but incorrect con-
version of time to seconds.

Good description of conduction and analysis of how conduction is
less effective in air compared with solids due to comparative particle
spacing and that the layer of air slows heat transfer between the cur-
tain and the glass.






