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Exemplar for internal assessment resource Physics for Achievement Standard 91522

Grade Boundary: Low Excellence

1. For Excellence, a student needs to demonstrate comprehensive understanding of
the application of physics to a selected context.

This involves linking key physics ideas together to provide a coherent picture of
the physics relevant to the selected context.

This evidence is from a student’s response to the TKI task Physics in the real
world.

This student has applied physics ideas to the context of a person riding on a
rollercoaster.

This student has analysed how the physics concepts are relevant to the
application by linking the key physics ideas of energy conservation for the whole
journey (1), centripetal force in a clothoid loop (2), the minimum speed required
associated with the feeling of weightlessness (3), and the forces on passengers at
different positions in the loop (4).

For a more secure Excellence, the student could link the explanation of the key
physics ideas of centripetal force and centripetal acceleration to the movement of
the real rollercoaster through the loop.
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Student 1: Low Excellence

NZOA Intended for teacher use only

Rollercoasters: The First Hill

The height of a roller coaster's first -
hill dictates the amount of energy HE i

that the train will have (as E, = ' e
mgh) as it travels down the hill A e
towards the first loop, and hence is 2 Thin

very important as the carts must B, "l
have sufficient energy to be able to A
complete the loop. The law of :
conservation of energy states that
energy can neither be created nor destroyed, so the amount of gravitational potential energy supplied by the first
hill will be the maximum kinetic energy (Ex = %mv’) received by the cart throughout the duration of the ride. At the ®
top of the hill in the Rainbow's End roller coaster, the train starts at a height of 27.4 m (as stated on the Rainbow's

End webpage).

Rollercoasters: Loops

The shape used for the loops in roller coasters
is known as clothoid. The height of the loop in
the Rainbow's End roller coaster is _ -
approximately 12 metres, according to my 3
calculations shown below. The clothoid loop is |
used because it has a constantly changing ———— . e
radius. This helps to ensure that the train does
not move too slowly. In the circular loop, the /
speed (v) must be greater as the train travels L/ k
into the loop, as a larger centripetal force (F.)
would be required to make the train travel all
the way around the loop. F. = (mv?)/r, thus, for F. to increase the speed must increase, as the radius (r) of a circular

loop is constant, and so is mass (my). It is for this reason that the carts would have to travel faster as they headed into

the loop if it was circular, to provide a larger centripetal force. In a clothoid loop, however, the radius is constantly
changing. As the radius on the bottom half of the loop (entering and exiting) is greater, the centripetal force does

not have to be as large, as F. = (mv?)/r, so the larger radius means there is a smaller centripetal force required. The

larger centripetal force upon entry is not required because the radius at the top of the loop is smaller, and therefore

the centripetal force will increase around the top half of the loop. This means that the initial centripetal force can be

less for the clothoid loop than the circular loop, as the constant radius of the circular loop means that the centripetal

force upon entry is the centripetal force throughout, whereas the changing radius of the clothoid loop means that
centripetal force increases around the top half of the loop. This is of benefit to the passengers, as it would be @

uncomfortable for them to experience large forces through the entire loop, as would be the case for a circular loop,
whereas with the clothoid they only experience the large force for the top half of the loop.

The speed of the train is very important, as it must travel at a minimum critical speed to make it all the way around

the loop. As shown above, the centripetal force is F. = (mv?)/r, so thus the force is related to speed. The minimum

speed therefore depends on the minimum centripetal force required to keep the train moving around the loop. If

the train is travelling at the minimum speed, then the passengers and cars are in freefall at the top of the loop. This

means that the passengers feel weightless, and their centripetal acceleration is the acceleration due to gravity,

9.81ms”. The sensation of weightlessness is since there is no support force acting in the opposite direction to the

gravity force, as weight is only felt when there is an upward support force. During this weightless feeling, their @
apparent weight is 0 N.

The centripetal force is the force acting towards the centre of a circle, causing an object to follow the track around
the circle. The train of a roller coaster therefore needs to have a centripetal force acting on it to keep it moving
through the loop. Support force always acts perpendicular to the track, and thus throughout the duration of the
loop it is always acting towards the centre of the loop, and hence is the centripetal force. This support force
provides a feel for your weight. The gravity force always acts in the downward direction. And at the bottom of the
loop, a rider will feel very "weighty" due to the increased normal forces. It is important to realize that the force of
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gravity and the weight of your body are not changing. Only the magnitude of the supporting normal force is
changing.

When at the top of the loop, a rider will feel weightless due to a lack/reduced amount of support force. At the top of
the loop, support force is acting on the cart in the same direction as the gravity force, so thus the centripetal force is
Fo+Fy=Fe

50 Fs = Fc-Fg.

If Fe = Fy, the support force will be zero.

At the bottom of the loop, the centripetal force is only due to the support force (F;) acting perpendicular to the
track. Gravity (F;) force is acting downwards, in the opposing direction to the centripetal force (support force).
Fs = FS = F[

50 Fs=F.+F,

According to Newton's Third Law, every force has an equal and opposite reaction force. This means that at the

bottom of the loop, the upward support force has a reaction force acting downwards. This means that, as the net

force is downward, you are experiencing more than 1g (g-forces are explained below), and you feel a sensation of @
heaviness.

On the way up the first side of the loop, the centripetal force (F.) is due to the support force (F.), minus the
component of the gravity force (F,). This is seen as F. = F, - comp F,, where comp F, is the component of gravity
force. This is the case for approximately the first quarter of the loop. However, as the carts reach the top half of the
loop, the centripetal force increases in size. This is because F. = F, + comp F;, since both are acting down (though
support force is not directly downwards). At the very top of the loop, as explained above, F. = F; + F..

As the train travels on the top half of the loop, but heading downwards after reaching the top of the loop, the
centripetal force follows the same equation as travelling up the top quarter of the loop, this being F. = F; + comp F,,
as both forces are still generally acting in the downwards direction. As the train continues around the loop, and is
again in the bottom half of the loop heading towards the bottom point, the centripetal force becomes the support
force minus the component of gravity, as gravity is acting downwards, and support force is acting in the general
upward direction.

Rollercoasters: Calculations
The speed of the carts exiting the loop is less than the speed entering the Calculation of average speed
loop, as shown later on in my tracker graphs. My calculations for average /o907 > 0%k
speed of the roller coaster at Rainbow's End over the page show a value of  v=d1

45.9kmh, however the Rainbow's End page on parkz.com .austatesthe | 7( 500350
roller coaster reaches maximum speeds of 70kmh*. My calculations also

indicate that the approximate height of the loop is 12m. The online

Caleulation of minimum critical speed through the loop
At the top of the loop, the train and passengers are in freefall,

Rainbow's End page shows that the first hill (maximum point) reaches a :1”;:"5 the centripetal acceleration is 9.81ms™,
height of 27m. My calculation for the height of the first loop is accurate, - F9.81m
as 12m is the height of the loop of the Rainbow's End Corkscrew Coaster o 4 TR e Sl
{from track to track - not including distance from the track to the ground). . a8 .s;me
= = . - . S 9Blx6=
My calculation of the height of the first hill gives a lower value than that of 7 %0 o oo —

the actual first hill, however this is most likely since my calculated value
does not take into account the loss of energy as heat and sound due to friction force, as explained below. @
My calculation for speed through the loop is less than the average speed and the maximum speed, however this is
probably since my calculation is that of the minimum speed required for the train to make it all the way around the

loop, not the actual speed of the train through the loop at Rainbow's End.

Sample of tracker use and explanation: mass A t, a) Pesitive parabola — a5 the cart
————— heads irto the loop, It s at
maximum acceleration. it
decelerates a5 it heads upwards
towards the top of the loop, as
shown by the negative gradient. it
reaches the point of the least
acceleration at approximatery 235
The carts thee accelerate again
shightly as they exit the lop.
however the accrleration out of
the loop & far less than
accelaration heading inta the loap.
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Grade Boundary: High Merit

2. For Merit, a student needs to demonstrate in-depth understanding of the
application of physics to a selected context.

This involves explaining how or why the key physics ideas relate to the selected
context.

This evidence is from a student’s response to the TKI task Physics in the real
world.

This student has applied physics ideas to the context of the LASER.
This student has explained why the key idea of the Bohr model of the atom
explains the stimulated emission of spectra from a LASER (1), and how atoms can

be excited and the emitted photons used to amplify the effect (2).

To reach Excellence, this student could provide a more coherent picture of the key
physics ideas relevant to a working LASER.
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Student 2: High Merit

NZOA Intended for teacher use only

The Bohr Model of the hydrogen atom and electrontransitions

Bohr said that the electron that orbits the hydrogen
nucleus can sit at one of multiple ‘levels’, of certain
radii, in which it can orbit the nucleus. However, to
sit at a given orbital level, the electron must have
the necessary discrete energy value
corresponding to that orbital level. The idea of
multiple orbital levels contrasts what was previously
propased by Rutherford. This diagram illustrates the
process of electron transition between energy levels due to photon emissionand absorption.

The left-hand diagram illustrates a photon (purple arrow) being absorbed by an electron (green ball). The
central diagram illustrates an electron (green ball with pink circle) which has been excited to a higher energy
level (from n=1 to n=2). The right-hand diagram shows the electron emitting a photon (pink arrow). This
photon  {pink arrow) has energy equal to the difference between energy levels n=1 and n=2. Therefore, the
electron has the correctquantised energy value to decay from its excited state (n=2) to its ground state (n=1).

To be specific, the photon required to be emitted/absorbed to cause an electron to transition between n=1

and n=2 of a hydrogen atom is part of the Lyman series and has a wavelength of 122nm. In the diagram

above, if the wavelength of the photon (purple arow) was anything otherthan 122nm, then the excitation from

n=1to n=2 would never have occurred. A photon must have the exact wavelength, and thus discrete energy

valuefor absorption or emissionto occur. An electron cannot remain betweentwo energy levels. This explanation

refers specifically to a hydrogen atom. The same principles apply when other elements are  usedasa lasing (‘D
medium, althoughthe mathematics is more complex due to greater number of electrons.

SpontaneousEmissionVersus Stimulated Emission

Generally, an electron in an excited energy state must Maopthe o hommes
evertually decay to a lower energy level. As per the S .

principles of electron transition, a photon will be emitted as it "-.\'\_ g

decays to that lower level. “This event is called 'sportaneous Stimulatl;n;

emission'and the photon [will be] emittedin a random direction Erission

anda random phase”. Another type of photon emission is AN A
called stimulated emission. Consider an electron is orbiting a
hydrogen nucleus at energy level n=2 and it is going to
decay to energy level n=1. Before the electron undergoes
spontaneous emission, it coincidently encounters a photon that has a wavelength of exactly 122 nm. What
is likely to occur is a 'stimulated emission’; where a “photon will be emitted at the same wavelength, in exactly
the same direction, and with exactly the same phase as the passing photon”.

The diagram of a hydrogenatom at top left represents a photon, that must have a 122nm wavelength as per
proof 1.2, exciting an electronto a higher state. The diagram at top right represents the spontaneous decay of an
electron, causing emission of a photon with a wavelength of 122nmin a randomdirection and random phase.
The bottom diagram representsa 122nm photon coming into contact with an electron, already atn=2, and thus
stimulating the emission of a coherent (in-phase), colimated (parallel) light wave with exactly the same
wavelength (122nm, as perproof 1.2) as the electron decaysto its groundstate.
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Amplification by Stimulated Emissionof Radiation

This diagram represents a group of atoms all in the same excited state.
The energy required to initially excite these atoms was provided by an
external ‘pump’ source. A photon interacts with the first atom (the grey
ball furthest left) and causes stimulated emission of a coherent photon.
“The two coherent photons then interact with the next two atoms in line,
and the result is four coherent photons ... Atthe end ofthe process, we
will have eleven coherent photons, all with idertical phase and travelling in
the same direction ... In other words, the initial photon has been :
‘amplified by a factorof eleven”. The ‘initiating’ photon of stimulated emission -]

is a resultof spontaneousemission M e R @

- - Di Melles Griot. 2009,
Population Inversion lagram by Melles Grio

When an excited atom spontaneously emits the ‘initiating’ photon for a chain of stimulated emission then that
photon could either be absorbed by an atom in its ground state or it could cause stimulated emission of an
already-excited atom. For stimulated emission to be sustained, there has to be a greater probability of the
iniiating photon causing stimulated emission than it being absorbed. For this to occur, a greater proportionof the
atoms must already be in the excited state. An external energy source (pump source) is used to sustain this
critical proportion of excited atoms compared to ground-state atoms. This is called populationinversion.

Excitation Mechanism 111 “;q" e @
(pump source) .. X )
L — P L
1] WAS e
T o Jil )
- : ST 9N A e
asin um refiective . .
L . o A look inside the

lasing medium.

The diagram representsa modelfor a LASER. The excitation mechanism provides the energy to ensurethat  the
population of atoms is inverted (i.e. higher proportion are in excited state). The 'initiating’ photon is
spontanecusly emitted in a path perpendicular to the mirors. This photon causes stimulated emission of
photons from the atoms that are continuously being excited by the excitation mechanism. The initial pheton has
now been ‘amplified' and has createda chain of coherent, collimated photons all of the same wavelength.

The mirrors at each end reflect the chain of photons to cause further amplification through creating a standing
wave. It is critical that these two mirrors are positioned at a distance that is an exact multiple of half the
wavelength of the photons of laser-light. If the length between the mirrors is not a multiple of half the photon
wavelength, then a standing wave would cease to occur and the effects of deconstructive interference from
out-of-phase photons would gradually weaken the laser-beam. The distance between mirrors beinga multiple of
half the wavelength is crucial for amplification of laser-light. However, one of the two mirors is only 95%
reflective. This mirror allows a small proportion of the laser-light to pass, while reflecting enough photons to
sustain Light Amplification by Stimulated Emission of Badiation. The laser-light that is allowed to pass can
then be usedformedical, commercial, scientific or recreational purposes.
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Grade Boundary: Low Merit

3. For Merit, a student needs to demonstrate in-depth understanding of the
application of physics to a selected context.

This involves explaining how or why the key physics ideas relate to the selected
context.

This evidence is from a student’s response to the TKI task Physics in the real
world.

This student has applied physics ideas to the context of the saxophone.

This student has explained why the key idea of standing waves explains the
musical notes produced by a saxophone (1), and different harmonics are available
and the concept of timbre (2).

For a more secure Merit, this student could provide a consideration of the key
physics ideas such as use of the wave equation to predict the effective length of
tube required for a particular series of harmonics.
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Student 3: Low Merit

NZOA Intended for teacher use only

How to play the saxophone PHYSICally?

We can listen to the deep brass tone of the Alto saxophone because standing waves are created when
blowing through the bore of the instrument. Why does a note such as high D sound different froma
flute to a saxophone, both in the woodwind family? The answer will become simple once you
understand the simple basic concepts. You must have knowledge of standing waves, fundamental and
overtones, pitch and timbre before you attempt in answering such questions.

Firstly, we should identify what a sound wave is. Itis a
longitudinal wave. Energy is transferred parallel to the
disturbance through the medium, air,

without the actual transport of matter however this creates
vibration, a repetitive back-and-forth motion of particles. Due

to the longitudinal motion of air particles, there are regions of
high pressure, compressions, and low pressure,

rarefactions, through the medium. These are annotated
through the graph on the right. ‘A’ high pressure of particles.

‘B’ represents no disturbance moving through it. As you B
blow through the saxophone, you are creating the disturbance for the first particle to

‘pull’ and ‘push’ the second particle and so on. It is because of this vibration within the bore of the
instrument that we can hear it. To make a sound, something needs to vibrate.

How fast the particles vibrate inside the medium over a given time is called the frequency. The reed of
the saxophone gives off the disturbance which vibrates the interacting particles at frequency and
because they ‘push’ and ‘pull’ each other, all the particles in the medium are at that frequency. Itis
important to note that frequency also measured the amount of compressions and rarefactions because
the human ear acts as a detector. We are able to associate these fluctuations of air pressures with
pitch, highness or lowness of a note. The higher the frequency, the higher the pitch. One octave lower
means the frequency was halved. If your musical instrument is said to be out of tone, this means your
instrument is out of pitch and at the wrong frequency. This can be adjusted by pulling and pushing the
mouthpiece in which changes the length of the bore ever so slightly. Al musical instruments have one
or a set of natural frequencies which they vibrate. The timbre, quality, of the sound is dependent on
how many natural frequencies there is vibrating. If an instrument like the flute has only one natural
frequency when vibrated, the sound is purer. The shape of the wave is

The volume produced by the saxophone can be manipulative to become louder if you blow harder  on
the saxophone. By blowing harder, you are making the amplitude of the waves bigger. For a wave to
have a high amplitude, high displacement of particles, more energy is needed. Therefore, more energy
means the sound will carry further. The more you blow, the more the reed moves, and so the more
force is put into the saxophone, and thus the more pressure. Pressure is given P=F/A. BOOM

If we want to make a note in a saxophone we have to produce an almost constant frequency. So we
have to make a standing wave. A standing wave is produced when a wave travels through the
saxophone which is a closed pipe, and the wave bounces back producing resonance. This requires a
reflection at the open end. This creates specific points in the medium to appear as if they aren't

moving, called nodes. This occurs by a change in impedance at the end of the pipe. This can also be
considered from a pressure perspective, where the outside atmosphere pressure does not change but
the wave efficiently leaves a ‘gap’ for the outside air to be fill, and the wave can reflect.  Since an
external factor essentially drives the vibration, blowing through the instrument, itis classified as a
forced vibration and resonance can occur. Only
certain frequencies produce resonance thus only
certain frequencies produce a standing wave.

Resonance results in a large amplitude, due to the
source wave with a certain frequency interfering
constructively with the reflected wave. The vibration
of the reed from blowing creates several
frequencies, several of these will match a natural
frequency. Since the waves have the same natural
frequency, it is said that the saxophone is forced
into a vibrational resonance, and standing waves is formed. Each natural frequency creates a different
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standing wave. 'At any frequency other than a hammonic frequency, the interference of reflected and
incident waves results in a disturbance of the medium that is irregular and non- repeating .’ This rarely
happens because objects favor natural freguency with high amplitude due to  their minimum energy
requirement. Each standing wave comresponds with a harmonic ofthe instrument, the lowest being
called the fundamental frequency. Forthe saxophone and other musical instruments, these hamonic
frequencies are related by ratios and these can contribute to why the saxophone sounds coal. It is
important to note that multiple standing waves, all the waves that are travelling back and forth through
each other, can be created to make the resultant wawve and its pitch

The timbre, quality, of the sound is dependent on how

many natural frequencies there is vibrating. If an ::::f;nﬂ,
instrument like the fute has only one natural frequency

when vibrated the soundis pure. The shape ofthe - N
wave accounts forwhat the note sounds like, timbre.
The shape of the resultant wawve results how many
hammonic frequencies (and their amplitude), A note
suchas high D sounds different from a fllteto a L
saxophone because every musical instrument has a
different characteristictimbre, each has its ownway of
creating wawves that form different standing waves

&)

_‘?
Y

b i
The saxophone is an example of a closed end pipe; the =

mouth piece is almost completely sealed by the reed so (@) (b) (€
the pressure s large but thers is little airmowving Closed tubs - modss of vibration

through it

Because at an open end of a pipe the airis free to vibrate, the standing wave will have an antinode. Air
particles at the closed end aren't free to move, sois a nodal position. 'Because of the restrictions, the
standing wave shapes that can be fitted into the pipes are severely restricted’. They cannot play even
hammonics. The harmonic number of a standing wave s the number of times its frequency of the 1st
harmonic. In a closed pipe there is no wave that has twice etc., the frequency of the 1st harmonic so
these even harmonics do not exist in the saxophone. The saxophone can only play odd harmonics or
overtones.

The first harmonic has a node and anti-node. The distance 1st Harmomic
between two nodes is half a wavelength. Therefore the
fundamental frequency (diagram on the right) is equal to one
quarter of a wavelength. The second harmonicwill be double
the 1st harmonic, it will be egual to one half of a wavelength.
The second hamonic will result in two nodes on either end,
this harmaonic is not possible however in the saxophone. If a
node is present at the open end, the wave will reflect and a sound will not come from the saxophone.
Therefore, the odd hamonics can only be heard, the 3rd, 5th etc. hamonic.

Different notes are played by pushing down on notes, they are arranged at different lengths down  the
bore ofthe instrument. By pushing down on certain keys, you are plaving a certain note, The noteis
created by the resultant wave, all the standing waves reflecting back and forth inthe medium. By
slightly altenng the keys pushed down, you are a different set of standing waves, a  different resultant
wiave If you push no keys down, C#is being plaved as aresult of the different  number of standing
waves As the saxophone warms up, the increased air temperature results inan increase inthe sound
velocity, Velodty equals wavelength imes frequency. Since the wavelength is fixed, gives anincrease
to the frequency.
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Grade Boundary: High Achieved

4, For Achieved, a student needs to demonstrate understanding of the application
of physics to a selected context.

This involves relating the key physics ideas to the selected context.

This evidence is from a student’s response to the TKI task Physics in the real
world.

This student has applied physics ideas to the context of rollercoasters.

This student has described the link between the key physics idea of the
conservation of energy and the starting height of the rollercoaster (1).

This student has described the link between the key physics idea of gravitational
force, centripetal force and the feeling of “weightlessness” in the context of
rollercoasters (2).

To reach Merit, this student could provide a complete explanation of how the key
physics idea of the conservation of energy is linked to the starting height of the
rollercoaster, or give a complete explanation of the links between gravitational
force, centripetal force and the feeling of “weightlessness”.
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Student 4: High Achieved

Intended for teacher use only

One of bigze st attraction at atherme park takes passengers at high speed through a track of loops and twists and hills. The
populartheme park attraction is a staple for mainstream theme because of the iconic "weightless” feeling and thrilling speeds.
While many have experienced a roller coaster many do not have afull understanding of the physical interaction that happens
that they experience such as weightlessness at the top a loop or feeling heavier at the bottom of the loop. & series of physic
formulas and concepts can be used to explain these events, Such as Gravitational potential and kinetic energy, Centripetal force,
Gravity and friction forces, In this assignment, | will explain the basic forces and energy passenger s and the roller coaste r
experience in abasictrack, from the start of the dde when the coaster is pulled up to aheight down then around a loop and

then slowed down to the end of a track.

When the passengerfirst enters a roller coaster
the coasteris hooked on the track where is
pulled slowly along and up the track where the
track reaches a high height, H, where all the
energy required to get the rollercoaster though
the track. Thisis important the amount of
energy the rollercoaster gaine d in this height
rust higher than the energy required to make it
through the loop.

This energy at the top of the track is called gravitational potential energy calculated by multiplving the total mass of the coaster
and the passenzeris) and the acceleration by aravity (2.81ms ) (Ep=meh]. wWhen roller coaster falls down to the bottam of the
track and converts its potential into kinetic energy Ellinl= myv? along thiswhole time some of the energy is lost due to friction
and air re sistance though this is neglizible when desighing the track this has to be taken into account. If we ignore or assume
there is no friction or air resistance, we know that the coaster will follow the conservation of energy where its states the total
energy of an isolated systern (roller coaster) cannot be created ordestroved only transferred/converted to other sources such as
chemical potential energy or kinetic energy. Thisis also described by newton's first | aw of motion (&n object in motion remains
in motion unless acted on by an outside force)l. Minimum starting height to keep the cart from falling off at the top of the loop:

1?2

iE 7 _
2, r—rv ar @
1 1 1 5

2?’mg+§m132 zmgh—r2?’mg+§mg'rzmgh—r2?’+§'r=h—r4'r+r=2h—rS'r=2h—3§?’=h

The minimumm height the forthe cart hasto be at least 2.5 time higherthan the radius or1.25 timesthe height of the diameter
of the loop assuming there isno loss of energy due to fraction or external forces

When the cart istraveling on the loopfcircle it experience centripetal force accelerating the cart to the tangentially. Although
narrmally the direction of acceleration due to centripetal force of an objectistanzential to itsvelocity(path) and is constant, We
knaowe that as the cart gains height traveling up the loop it's speed decreases so the acceleration experienced is changing

proportionally to the velocty (Fe=rmv?/r) Fz proportional to v ©.

Once the cart has made it all the way to the top of the loop(B] it's has converted its energy into gravitational potential energy by
displacing itself about the track below [ 2*r) plus by the energzy required to move the cart past the top of the loop. Itis important

that the desizh of the roller coaster has the roller coaster moving faster enough once it reache s this point.

Thisis because if the velocity too low the only force acting it will be gravity causing it to fall off the track (Minimum speed). At

this point of the ride the passenzer will fee | weizght|e ssness because seat no longer applying aforce on the passenger This brief

windows of weeizhtle ssness will no longzer be felt when the passengzer when reached at () but then will feel heavier because

acceleration of gravity and centripetal force will apply a greaterforce to the passenger until the loop ends at D where the cartis

nao longer changing direction.

The gravitational potential energy converted into kinetic energy then some gravitational potential energy can be shown here.
Ep = mgh =mg2r + Bmy *
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The force and acceleration experienced at each point:

(A} At the point A the kinetic energy(velocity) is reduced and converted into some gravitational potential

‘w =V Both gravity and centripetal force are accelerating the cart

(B) At this point the only force accelerating the cart is gravity unless the cart is traveling faster than minimum speed v* /r=
g = v? = gr = v > fgr. Atthis point notice that the mass of the cart does not matter and does not affect the
minimum speed

(C}  The cart gains some kinetic energy from gravitational potential energy gained from the top of the loop plus by the
previous kinetic energy. The velocity at Cis equal to A

The roller coaster is famous for its thrilling "weightlessness” feeling felt at the top of a loop or hill. To explain a passenger who
feels the perceived “weightlessness” is due to the net forces are ON there for the reaction force (weight force) which the

mp?

passenger experience/preserves is 0. So as the passenger approaches the top the one of the two forces the passenger perceives
changes (due to change in speed (F, = T}]. @
At stage A the cart still has a high velocity so the centripetal force is great and the main force felt by the passenger. When the

force of gravity and centripetal force are added, the net force are unbalanced and a reaction force is still felt by the passenger.

When the cart gets to stage B the 2 forces cancel out to bring the net force to 0. Gravity Acceleration (acceleration object down
to the ground) +Centripetal Acceleration=0. At this point the Centripetal Acceleration must be equal or greater than the
acceleration of gravity or else the cart will start to acceleration down to the ground and fall off the track. Centripetal force must

Jz .
be equal or greater than the force by gravityFc = 9.81ms ¢ and 9.81ms ? > % - v'_@ =l
Because Fr=F.+F;=0 (reaction force equal to Centripetal plus gravity force is equal to 0} Fe+Fc Cancel out because they are both
vector guantities pointing in opposite directions (Gravity down and Centripetal up).

A rollercoaster designer would have to consider all of the physics concepts | have mentioned in order to create a loop in a roller
coaster track. This and consideration for friction and energy lost while the cart is moving along the track due to friction between
the track and the cart and air resistance. The equations | supplied take the track out of reality into a world with no friction
affecting the cart. 5o, a good design would bring the top of the track higher in order to compensate for energy lost on the way
down and through the track in order to reach at least the minimum speed to at the top of the loop. In order for the user to feel
true "weightlessness” the cart would reach the minimal speed at the top perfectly but due to changing winds and different
factor | the designer of the track should never build the track to only this speed at a gust of wind could slow the cart down on
the its way onto the loop or while it's only the loop. Also, the designer would need to design the rest of the track so that the cart
would not fall off, such as another loop if there were another loop it would need to be at an equal or smaller diameter with
consideration of friction at the same height.
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Grade Boundary: Low Achieved

5. For Achieved, a student needs to demonstrate understanding of the application of
physics to a selected context.

This involves relating the key physics ideas to the selected context.

This evidence is from a student’s response to the TKI task Physics in the real
world.

This student has applied physics ideas to the context of speed cameras.

This student has described the link between the key physics idea of the Doppler
effect and the use of speed cameras by police and professional sport (1).

This student has attempted to describe the link between the key physics idea of
Doppler effect and the calculation of the speed of moving objects (2). This student
has attempted to describe the link between the key physics idea of Doppler effect
and the effect of moving objects on reflected waves (3).

For a more secure Achieved, this student could:

o relate the key physics idea of how the frequency change associated
with the Doppler effect could be used to calculate the speed of an object

e clearly describe the key physics idea of the Doppler effect and the effect of
moving objects on reflected waves.
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Student 5: Low Achieved

NZOA Intended for teacher use only

The definition of the Doppler effect is an increase (or decrease) in the frequency of sound, light or other
waves as the source and observer move towards (or away from) each other. To relate the Doppler Effect to
a real life scenario would be speed cameras/detectors. Speed cameras use the Doppler Effect by using the
reflection of microwaves from a moving vehicle to measure the speed that it is going. Police use hand held
radars to do the same thing, using the reflection of waves to find the speed of cars. These waves are
shifted in frequency by the Doppler Effect, and the beat frequency between the directed and reflected
waves provides a measure of the vehicle speed.

To explain the Doppler Effect in the sense of radars, observers from the wave source (Police officer
holding radar) will observe the waves from the source at the same frequency as the wave length does not
change due to the source being at rest. If the source is moving towards the stationary observer, the
frequency will change due to the motion of the source. The waves sanic: s senree g w0 oo
moving in the same direction as the source will have a shorter
wave length and higher frequency due to the motion of the
source, but the wave length behind the moving source will be
longer but with a lower frequency due to the active source. An
example of this is sirens or speed radars. As the stationary
observer listens to the source from in front, the frequency will be
high but as the source passes the observer the frequency will be lower. @

Y 'Iq‘,fﬂ"\,’r\‘ .f"\Jf\’f Lﬂ M
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The frequency changes due to the motion of the source is used with the equation F=V/ A. This equation
shows us that the frequency of the wave is dependant of the velocity of the source and we can also see the
wavelength of the wave. An example of this is if the source of the waves were moving at a constant speed,
then the only thing that can change the frequency is the wavelength. If the source is at a stationary velocity
then it doesn’t matter if the wavelength is big or small, the frequency can remain the same. Using this
theory, we can see how the change in frequency is due to the motion of the source which will create the
wavelength making it the Doppler Effect.

When using the Doppler Effect to measure the speed of a car, the reflected waves have different frequency
than the incident waves since the vehicle is moving. The size of this frequency shift allows the speed to be
recorded. The speed cameras/radars aren’t only used to help police officers finding speed of cars, but also
for professional spectator sport, for things such as the measurement of bowling speeds in cricket, speed of
pitched baseballs, athletes and tennis serves. This speed is given by the following equation:

2

f’ = f[ L ] moving source
vEu, Where ¢ is the speed of light, f is the emitted frequency of the

el ) radio waves and Af is the difference in frequency between the
= f[ - J moving observer 4 4io waves that are emitted and those received back by the gun.?
“With a ‘stationary’ radar, the returning waves are received while
&f ==f a signal with a frequency equal to this difference is created by
! http//www.plaindsp.com/unravelling-doppler-effect-plaindsp/ @

2 https://en.wikipedia.org/wiki/Radar _gun#Doppler effect
3 https://en.wikipedia.org/wiki/Radar gun#Doppler effect
“https://prezi.com/IdelrigntObu/edwin-hubble-and-the-doppler-effect/
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mixing the received radio signal with a little of the transmitted signal. This is the Doppler Effect occurring
as the frequencies are bounced off a moving vehicle letting the radar receive the speed. Since the radar
gun is the ‘observer’ and the car is the ‘source’, the source will be letting off low frequency waves as the
source comes to the radar. With the radar moving towards the cbserver (diagram) the radar will send
lower frequency waves whilst the vehicle (source) will be emitting higher frequency waves to the radar for
it to read.

With the moving radars, like in police cars, the radar will

@A g ey FALHY

receive reflected signals from both the target vehicle and < é
stationary background objects such as the road surface, é( ( ( ( ( ( ( ( @
nearby road signs, guard rails and streetlight poles. Instead of
the radar gun comparing the signals with the source itself, it

will compare the target with the background signals. The
frequency difference between the transmitted signal and the

Racas 44

background signal will give the true speed of the vehicle
(source),

Police radars are a good example of the Doppler Effect and how the returning frequencies and waves can
determine the speed of traffic and cther activities invelving speed recorders. The physics behind the speed
radars | thought was interesting as | researched about it as it gave me insight about what happens as the
radars transmit waves and showed me about the frequencies and how they change in general terms of the
Doppler Effect.
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Grade Boundary: High Not Achieved

6. For Achieved, a student needs to demonstrate understanding of the application of
physics to a selected context.

This involves relating the key physics ideas to the selected context.

This evidence is from a student’s response to the TKI task Physics in the real
world.

This student has applied physics ideas to the context of tsunamis.

This student has attempted to link the key physics ideas of different wave
parameters changing as a tsunami wave approaches the shore (1). This student
has described the link between the key physics ideas of reflection and the
creation of standing waves with an attempt to link this to the context (2).

To reach Achieved, this student could:

¢ describe clearly how the changing amplitude of the tsunami as the
wave approaches the shoreline is due to conservation of energy

e describe clearly how wave interference is created by reflection, refraction,
diffraction and resonance.
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Student 6: High Not Achieved

MNZOA Intended for teacher use only

Waves - The interference of waves: Tsunamis

Types of wave: Waves are important because they carry energy without TrRMBVATES Warh
any transfer of matter from place to place. There are two types of wave crest e,

\J

Transverse wave: "For transverse waves the displacement of the medium \/ \/

is perpendicular to the direction of the propagation of the wave. A ripple
on a pond and a wave on a string are easily visualised transverse
waves."!

g S

Longitudinal wave: “In longitudinal waves the displacement of Wavelengih

the medium is parallel to the propagation of the wave. A wave 1A AR - 1. S — |‘

ina "slinky" is a good visualisation. Sound waves in air are f f|ﬂ| (AN ”.I (ll 'l' 'Jm II| '||.'.I' | | i
longitudinalwaves."? Wl J'u J W 1l ' vV .J.l'.'"! |
For both transverse and longitudinal waves: Lm" il m‘_:i"“ U\‘:T:l::::, IL”“: o
Wavelength, (A), is the distance between any two corresponding parts of the wave

Amplitude, (A), is the maximum distance the medium moves from the equilibrium position

What wave is a tsunami?

A vertical displacement in the water column at sea creates
waves that become tsunamis, such as an earthquake where
one tectenic plate slides under another creating a vertical
displacement. While at sea these transverse waves have a
VERY large wavelength (approximately 500 kilometres),
but their overall amplitude is very small (about a meter).
Because of the very large wavelength, the wave loses very
little energy as it moves along the ocean, thus allowing
tsunamis to inflict damage hundreds of km's away. As
these waves approach the shore, they start to behave
differently and their wavelength becomes smaller and the
amplitude becomes much taller. Shallow water
compresses the energy as the tsunami moves towards the
beach. The wave is moving slow but has tall height, asv and A

decrease, Aincreases. @

Trough

Interference: Combining waves

“When two or more waves pass through each other, the displacements of the
medium caused by each individual wave combine to create a resultant wave.
This is known as interference.” If a crest from che wave happens

to line up with the trough of another, they cancel each other out. e
The particles of the medium have opposite phase and the wave
displacements subtract to give zero displacement, this is called ) ) P A

destructive interference. If two waves line up crest to crest or g |t o N N m@x@g
trough to trough, they add up. The particles of the medium are in DV%DVQUBV

phase and their displacements add to give a crest of double the
individual amplitude, this is called constructive interference. This is why waves
at the beach are all different sizes as well as why tsunamis come as different
sizes (But tsunamis size are mainly dependent on the vertical displacement from
within the ocean floor). There are lots of different wave groups coming in, and
they're interfering with each other in different ways.

3

constructive inferference destructive interference
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Phase: Property of waves definition

If we think of a wave as having peaks and valleys with a zero-crossing between them, the phase of the
wave is defined as the distance between the first zero-crossing and the point in space defined as the
origin. Two waves with the same frequency are "in phase" if they have the same phase and therefore
line up everywhere, Waves with the same frequency but different phases are "out of phase." 4

Standing waves result when two equal waves are going in opposite direction and in this 85 Standing
case you getthe usual up/down motion of the water surface but the waves don't
progress. These are common in coastal areas where waves reflect off seawalls. In this
case this can happen when a small tsunami hits seawalls. At least 43 percent of Japan's

29 751 kilometre® coastline is lined with concrete seawalls or other structures designed “lock Wave-break
to protect the country against high waves, typhoons or even tsunamis. Vertical seawalls pheg
are built in particularly exposed situations, like Japan. These reflect wave energy. Under i e {

storm conditions or tsunamis a non-breaking standing wave pattern can form, resulting in
a stationary wave which moves up and down but does not travel horizontally. } s ST i

Waves Hitting Things i i l

When a tsunami hits a hard vertical surface (such as a seawall) it is reflected. In other words, the wall
pushes the water back just as hard as it got pushed, and sets up waves in the other direction. With
constructive interference, you end up with bigger and therefore stronger waves. This iswhy, inthe
long run, solid seawalls are not good for saving property from the ocean. You end up creating stronger
waves that cause even more erosion. However, seawalls have come under controversy in Japan as
their seawalls were overcome by the tsunami's power in 2011. “There is simply no guarantee that
seawalls will stop every single tsunami," Nobuo Shuto, an engineer at Tohoku University, told The
Economist back in2014."¢

Conclusion

A Tsunamiis a natural occurring event, there is nothing in our man power to stop a tsunami or to
predict one. It is toc physically strong. However, there are ways that we can prevent damage from
accumulating like it has done before. The use of seawalls to create a standing wave or to prevent the
height of a tsunami is one way possible. Different designs of man-made tsunami barriers include
building reefs and forests to above-ground and submerged seawalls. In 2005, India began planting
casurina and coconut saplings on its coast as a natural barrier against future tsunamls like the 2004
Indian Ccean earthguake. Studies have found that an offshore tsunami wall could reduce tsunami
wave heights by up to 83%7. Japan formerly had protective walls, many of which were built in the
1930s following a large tsunami. One of these stood up reasonably well against the 2011 tsunami.
Most, however, did not. The Economist explains: “...the evidence for their effectiveness is flimsy. True,
Fudai, a village shelfering behind a giant concrefe shield, escaped unscathed in 2011. But in the city of
Kamaishi a $1.6 billion breakwater, listed in the'Guinness Book of Records' as the world's largest,
crumbled on impact. Nearly 80 percent of existing seawalls along the northeast coast suffered a

similar fate.”® There is not much we can do but to accept the fact that tsunamis are a wave of mass
destruction.

http./hyperphysics. phy-astr.gsu.eduhbase/soundiralon.himl
hitp:/hyperphysics. phy-astr.gsu. eduhbase/sound/ralon.html
ESA Study Guide Physics Level 3, page 52

hitps:/fwww cia.goviibrary/publicationsithe-world-factbock/geesfa.ntml
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