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MYP MAY 2016
PHYSICS ON-SCREEN EXAMINATION

This document contains exemplar material which demonstrates how the markscheme was
applied to two student responses for the May 2016 session. Teachers should consider the
application of the marksheme and in particular the assessment of longer, open ended responses.
Teachers may wish to mark the student response themselves using the published markscheme
and then compare their marking to the standard demonstrated in this document.




Exemplar - Grade 4

Middle Years
Programme
Question 1 (5 marks)

The following table contains information that can be used to describe mass or weight.

Question 1a (2 marks)

Select the correct option to complete the table.

Mass Weight
Units newton kilogram
Type of quantity size and direction size only
ffi f itati == .
Eeﬁcét?enggr?: s independent of gravitational field strength dependent on gravitational field strength
|

0/2 Only one row correct so ho mark.

Question 1b (2 marks)

The table below contains information about four planets in the solar system. Using this information,
select the three unnamed planets and complete the table.

Relative mass Orbital Number of Main gases in Are there

compared period/ Year moons atmosphere any rings

to Earth present?
| Earth 1 1 1 N,, O,, Ar No
Venus 0.82 0.62 0 CO,, N, No
Jupiter 17.2 164.8 14 H,, He Yes
Neptune 317.8 11.86 67 H,, He Yes

1/2

Question 1c¢ (1 mark)

State why the outer planets tend to be colder than the inner planets.

Outer planets tend to be colder than inner planets because they are at a larger distance from the sun. Even though the Sun’s heat is
transferred by radiation, small asteroids, intercept the radiation, not allwoing them to reach further planets. In addition, outer space is
at a temperature of 0°K, and for this reason, being in the middle of space, and far away from the Sun, makes the planets much colder
0/1 While the student's initial answer is correct, they have gone on to make an incorrect statement which contradicts

their earlier statement.
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Question 2 (11 marks)
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Question 2a (3 marks)

Using the data you collected above, calculate the acceleration due to gravity on Mercury and Mars.

Mercury:

S=ut+ 0.5912

Acceleartion due to gravity in mercury is:

DEG "

D.5%(7. 4%7, 4) )
10027 .38

3.652300
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|~
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o

3.65m/s®
Mars:
0.54(7
100+26
>

acceelartion due to gravity in mars is:

3.8m/s?
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3049353
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2/3 The candidate has given one answer to the correct number of sig figs but the other to three sig figs which is incorrect

therefore the max marks available are 2.

Middle Year
Programme

A robotic probe is sent into space to collect data from three of the four inner planets: Mercury, Mars and
Venus.While passing close by each planet the probe drops a test object from a height of 100.0 m, the
shape of the object ensures that any frictional forces are negligible over a fall of this distance.

B time / s
Venus: 4.8 s |

. [ time / s
. Mars: 7.3 s

" l|me/5 il
f Earth:45s


javascript:void('Bold')
javascript:void('Italic')
javascript:void('Undo')
javascript:void('Redo')
javascript:void('Underline')
javascript:void('Subscript')
javascript:void('Superscript')
javascript:void('Insert/Remove Numbered List')
javascript:void('Insert/Remove Bulleted List')
javascript:void('Insert Special Character')
javascript:void('Wiris Editor')
javascript:void('Formatting Styles')
javascript:void('Bold')
javascript:void('Italic')
javascript:void('Undo')
javascript:void('Redo')
javascript:void('Underline')
javascript:void('Subscript')
javascript:void('Superscript')
javascript:void('Insert/Remove Numbered List')
javascript:void('Insert/Remove Bulleted List')
javascript:void('Insert Special Character')
javascript:void('Wiris Editor')
javascript:void('Formatting Styles')
rebeccah
Rectangle

rebeccah
Rectangle


Middle Years
Programme

The scientists receiving the data on Earth know that gravitational field strength (g) is proportional
to a planet’s density (p) and its radius (r).
gravitational field strength ~ density x radius
g~pxr
The radius of Mercury is about two thirds of the radius of Mars.

Mercury Mars

Question 2b (2 marks)

Explain why Mars and Mercury can have almost the same value of g, if Mars has a much larger radius.

This is probably because of two reasons:
one could be that the density of mars is very high

the other could be that the density of mercury is very low

0/2 Mars has to have a lower density not higher in order for the relationship to be true.
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The experiment is repeated and again a test object is dropped from a height of 100.0 m.

Next, the space probe visits two of Jupiter’s moons: lo and Ganymede.

The gravitational field strength of lo = 1.8 N kg
The gravitational field strength of Ganymede = 1.4 N kg'.
The test object has a mass of 20 kq.

Question 2c¢ (3 marks)

Use information from the formula sheet to calculate the gravitational potential energy (E,) of the test
object before it is dropped over lo.

PE= mgh
PE=3.6 KJ

3/3 Although the numbers are not put into the equation, by giving the equation and having the correct final answer it is
clear that the candidate has used the equation correctly.

All of the test object’s gravitational potential energy (Ep) transforms to kinetic energy before
hitting the surface of the moons.

Question 2d (3 marks)

The test object travels faster before hitting the surface of lo than it does before hitting the surface of
Ganymede. Explain this observation.

THIS IS BECAUSE THE FIELD STRENGTH OF |0 IS GREATER THAN OF GANYMEDE. THEREFORE, ACCELERATION DUE T
O GRAVITY IS HIGHER OVER THERE.

0/3 It is not clear whether “over there" is referring to lo or Ganymede
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Question 3 (11 marks)

When the space probe in Question 2 is
investigating acceleration, air resistance is

On Earth, a parachute can be used to
increase air resistance.

The maximum speed a falling object
reaches is known as the terminal velocity.

Question 3a (2 marks)

Some students perform an investigation into the terminal velocity of a simple parachute. One of
the students wants to investigate how the area of the parachute affects its terminal velocity.

Suggest one piece of equipment that the student will need to perform this experiment.

Equipment: A timer
To be able to see how much time it takes for the object to reach its terminal velocity.

2/2 Complete answer.

Question 3b (3 marks)
Suggest and explain a hypothesis for this experiment.

The greater the parachute's area is, the slower the parachute will be able to reach its terminal velocity. This can be explained by the f
act that more air particles will be hitting the parachute if the area is greater.

0/2 Mars has to have a lower density not higher in order for the relationship to be true.

Question 3c (3 marks)

State one variable that the student will need to control. Describe how this variable should be
controlled and why it should be controlled.
Variable

Surface Area (of the parachute) This is not a control variable.

How the variable should be controlled

This variable can be controlled by increasing the size of the parachute between each experiment.

This would be changed therefore it is not a control variable.
Why the variable should be controlled

This variable should be controlled because it allows for the students to be able to see if the surface of the area affects the amount of
time it takes for the parachute to reach its terminal velocity.

0/3
Question 3d (3 marks)

Explain what results the student will need to collect to ensure that they have sufficient relevant data.

The students will need to collect the time taken by the parachute because it will allow for them to see if the parachute's surface area
has affected the amount of time it takes for it to reach terminal velocity.

0/3 No range is given, or repeats.
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Question 4 (3 marks)

The first animation shows the Moon orbiting the Earth.

W en wikipédia ornghwikiLunar_phase

The second animation shows how the Moon looks each day, when viewed from the Earth over a
complete month.

www. en wikipedia.orghwikiLibration

Question 4a (2 marks)

Using the information from both animations, describe why the appearance of the Moon changes
over a month.

The appearance of the moon varies and depends on its position to the sun, thus making it look it like it has a dark and light side.

0/2 Itis not due to the position the moon has to the sun that makes it appear different to the Earth.

Question 4b (1 mark)
The Moon affects the tides on Earth. Identify the force that produces this effect.

The force that produces this effect is gravity.
1/1
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Question 5 (2 marks)

In the 1950s, cosmologists proposed the "steady-state" theory to explain certain aspects of the
universe after it was observed to be expanding. This theory states that:

« the universe has no beginning or end
- the temperature of the universe has always been constant and will not change in the future
. as the universe expands, new matter is created and the density of the universe remains

constant.

Outline two ways in which this theory is different to the "big-bang" theory.

The big bang theory explains that the universe did indeed have an initiation with a 'big bang' where the sun broke down into
thousands of pieces, the bigger of which formed the plants we know of today.

The big band theory states that the temperature of the universe is not constant.

1/2 The candidate is confused and mixing different ideas. Temperature is not constant is correct the first point about the

initiation is a little confusing!


javascript:void('Bold')
javascript:void('Italic')
javascript:void('Undo')
javascript:void('Redo')
javascript:void('Underline')
javascript:void('Subscript')
javascript:void('Superscript')
javascript:void('Insert/Remove Numbered List')
javascript:void('Insert/Remove Bulleted List')
javascript:void('Insert Special Character')
javascript:void('Wiris Editor')
javascript:void('Formatting Styles')
rebeccah
Rectangle


‘3 Middle Years
) / Programme

A student investigates an electrical circuit containing a variable power supply, an ammeter and a
filament lamp (bulb) in which the current through the bulb can be changed.

Question 6 (7 marks)

One of the circuit diagrams below is incorrect, the other circuit diagram is correct.

Question 6a (2 marks)

Correct ‘ Incorrect ‘
| M
| |

®)

e )

A
N

Explain why the current through the bulb could not be measured using the incorrect circuit.

This is because the ammeter is connected to the series before the current reaches the bulb. Hence, the current being recorded is act
ually the current from the power supply.

0/2
Question 6b (2 marks)

Student example Circuit simulation

v
2

M/ﬂ

The student connects the components as shown and attaches a sensor to the filament. The
sensor displays the temperature of the filament.

State the dependent and independent variables in this investigation.

Independent variable

Voltage, V

Dependent variable
P 2/2

Temperature
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Question 6¢ (3 marks)

The student decides to measure the current at each of the following voltages. When asked about
the reason for choosing these values the student says:

“I consider this to be a valid variation of voltage as it provides an appropriate number of
measurements within the proposed range of voltage | am covering from 0 Vto 12 V.”

Evaluate the values of voltage the student has chosen.

Voltage / V
0.0
0.4
0.8
1.2
3.6
4.0
9.2
11.6
12.0

The values chosen by the student is wrong because, | think it us always good to have a constant pattern on how the Independent var
iable is being changed, this is because it allows the student to pick out the pattern quicker and it will be easier to interpret the graph
when analysing.

1/3

Question 7 (13 marks)

Question 7a (3 marks)

Choose your own appropriate values of voltage and use the simulation to measure the current.
Also collect data about filament temperature and state any changes you observe in the lamp.
When you finish completing the table, double click on “Plot data” below to produce the graph for
your data and proceed to the next question.

Voltage / Current/ :::::E:tlu re/ ry

' A °c observations
2.0 0.0040 540 no light

4.0 0.0080 1060 no light

6.0 0.0120 1580 no light

7.2 0.0144 1892 no light

7.6 0.152 1996 no light

8.4 0.0167 2110 no light

8.8 0.0173 2120 no light

9.2 0.0178 2130 no light

9.6 0.0182 2140 no light

10.0 0.185 2150 no light

10.4 0.0188 2160 little light

10.8 0.0190 2170 bit bigger light
1.2 0.0191 2180 light

11.6 0.0192 2190 bright light
12.0 0.0193 2200 very bright light

1/3
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Question 7b (3 marks)

Using the graph, describe the relationship between voltage and current in the circuit.

Plot data
@ Data point
0.1850 °
0.160
£l o
0.140
0.120
<
= 010
=
=
3 0.080
0.060
0.040
0.020 . 3 = o | o o | o
00" I I i i [N S S B I R S
0.0 20 4.0 6.0 8.0 10.0 12.0
Voltage / V

When the voltage increases the current also increases.
1/3

Resistance (R) is defined as the ratio of voltage (V) across a material to the current (I) flowing
through the material. The unit of resistance is the ohm and its symbol is Q.

v

R=T

Question 7c (4 marks)

Describe how resistance changes in the filament across the range of the experiment. You should
choose two points on the graph to calculate values of resistance to support your answer.

the resistance change through of the experiment. At the begining voltage 2.0 current 0.0040 the resistance was 500. At the end 12.0
voltage and 0.0193 current it was 621.76 this shows that there is a 121.76 resistance differnce in the lowest and the highest reading.

4/4
Question 7d (3 marks)
Before starting the experiment, the following hypothesis was proposed:

"In all materials, the current is directly proportional to the voltage.”

Discuss whether or not the results from this experiment support this hypothesis.

They do not because proportional means that they are equal and they are in a way so if he said when the voltage increases so does
the current he would have been perfectly correct but now he has made one little mistake. It does support the results.

0/3 The answer is not clear enough for the award for any of the marking points.
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Question 8 (10 marks)

A second student carries out a similar experiment using a different light bulb. He realizes that the lamp

begins to glow above a certain temperature. Hover over the points on the graph to show the data values.

0.0200
> |®*
0.0190 -
L 2
-
»
E 0.0180
S L
g .
0.0170 -
* v
0.0160 - ’;‘
0.0150
70 80 90 100 110 120 13.0
Voltage /V
Temperature = °CJ

Question 8a (1 mark)

For these results, state the voltage at which the light bulb begins to glow.
10.4 Volts /1

Question 8b (2 marks)

All materials radiate energy in the form of electromagnetic waves. The frequency of the waves
increases with temperature.

Explain, with reference to the electromagnetic spectrum, why the filament only glows above a certain
temperature.

The temperature is really what makes the filament glow. The higher the temperature, the higher the kinetic speed of the particles so t
he brighter they will appear. It only glows above a certain temperature, because prior temperatures wont make the the particles move
fast enough that they will radiate their energy in form of electromagnetic waves. Actually, they will in fact radiate some

electromagnetic waves but they will only be visually noticable at certain temperatures. Once those 10.4 volts are reached, the lamp
will glow.

1/2 Above certain temperature the EM waves are in the visible range.

Question 8c (5 marks)
Kinetic theory describes how particles in materials are in constant motion. Interpret the results of the
experiment and use kinetic theory to explain the results.

The results i have previously explained too but | will repeat. The glowing in the filament is caused by the temperature which determin
es the kinetic energy of the particles in that material. This means that the higher temperature particles have, the more they will move.
If they reach a certain temperature, they will move with such a great speed that they will be glowing, because if particles move witha

high speed they are obviously going to get hot. This is why when the 10.4 volts are reached, the kinetic energy in the particles is so h
igh, that they will glow due to how much energy they have. This causes the filament to glow.

1/5

Question 8d (2 marks)

Outline another experiment that the student could perform to extend this investigation.

He could do an experiment, to see how the resistance in the filament will affect the temperature of the filament, in order to see if the r
esistance has an effect on the glow or temperature of the filament.

2/2
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Communication in the modern world relies on transmission using satellites. Pictures, documents,
videos and songs are examples of information that can be converted into electromagnetic waves. The
electromagnetic waves are sent from a ground station to a satellite and then retransmitted to a second
station on Earth. Satellite transmission means that the electromagnetic waves can be sent over much
larger distances than are possible with ground transmission.

Question 9 (16 marks)

The animation shows a simple model of a satellite transmission where s is the ground distance
between the two stations, h is the height of the satellite above the surface of the Earth and the P

marks show the limits of the satellite footprint. Signals travel at the speed of light from the ground
station to the satellite and back.

Footprint of the satellite<,

A study is performed to determine if there is a relationship between ground distance (s) and
transmission time (f).

Question 9a (2 marks)

Identify the independent, dependent and control variables for this experiment.

transmission time

dependent

height h:

controlled

ground distance s: 2/2

independent

Question 9b (3 marks)
Formulate and justify a hypothesis about the relationship between the variables for this study.

When the gorund distance increasing the transmission time increases, since the waves being transmitted will take a longer route to r
each the satellite from the station on earth and back from the satellite to the other station.

2/3 They have linked dependent and independent. The link is correct. The final mark point is missing, incorrect explanation.
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Question 9c¢ (3 marks)

Describe the effect an unexpected change of the control variable would have on the independent and
dependent variables.

Independent variable:

The altitude can alter the coverage area in which the stations are located in, so if the altitude of the satellite decreases then the area
covered will decrease which will maybe cause the stations to be out of coverage and no waves will be transmitted.

Dependent variable:

The dependent variable (time) will decrease if the altitude of the satellite to earth decreased since the waves will take a shorter route
and vice versa.

2/3
Question 9d (2 marks)

Use the animation to outline why there is a maximum possible ground distance between stations.
Because the the distance between the stations is dependable on the area that the satellite can cover.

0/2 not good enough

Question 9e (2 marks)
In the animation above, the value of s can be set to small values (even zero).

Explain why in a real situation, satellite transmission would not even be considered for small distances.

because if the station have a very small distance between them, then the waves can be directed from one station to the other directly
, without the need for a satellite. however, satellites are utilized since you cant direct waves directly between stations that are far awa
y from each other.

0/2
Question 9f (2 marks)
0.265
0.260

The graph shows data collected from the satellite 0255

animation. Comment on the shape of the graph. 0.250

0.245

Transmission time /' s

0.240¢

0.235

0 4000 8000 10 000
Ground distance between stations / km

the graph indicates a direct relationship since when the ground distance increases the transmission time increase.
0/2
Question 9g (2 marks)

Use your answer to part (f) to select the correct option. Justify your answer.
®
The results support the hypothesis.

@)
The results do not support the hypothesis.

When the gorund distance increasing the transmission time increases, since the waves being transmitted will take a longer route to r
each the satellite from the station on earth and back from the satellite to the other station.

2/2
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Question 10 (12 marks)

Satellites can be used to access the internet.
Discuss and evaluate the advantages and disadvantages of internet access using satellites
compared to traditional cable-based internet access. In your answer you should include:

« an advantage of satellite internet access

» a disadvantage of satellite internet access
technological considerations

e economic factors

» a concluding appraisal.

Satellites are a very efficient and new method to send signals when the target places are very far away. These could be used for inte
rnet access but it has its advantages with disadvantages compared to traditional cable based internet access.

Satellites are now the modern way of communicating to far locations on earth but they might not be the most useful for internet acces
s. One reason for this is because sending a satellite to space is very expensive as well as running it, maintaining it and also creating
the base locations which in this case would not have to be common and house hold object. Although it is veyr advanced
technologically, it is very expensive to make and maintain considering its cost to build and maintain.

An advantage of satellites is that it is very advanced and allows information to be sent across the world at a very fast transmission ti
me which traditional cable internet would be possible. By having satellite internet, it would make internet much faster as well as the s
hare of information in time. This is useful in real life sutiations for example when information needs to be shared emergently like a na
tural disaster. In these situations, cable internet is not as effective as satellite information.

Although it is more expensive, could cause more pollution to make, maintain and space pollution as more satellites would be orbiting
the earth, satellite internet could potentially be very useful in the future for emergency reasons. For household internet access, it is n
ot necessary to have new technology that is faster than the one that is available now a days but for connecting major important buisn
esses or governments that are geographically located far away, it could be very useful. Internet is the base of our communication so i
t only makes sense to use more satellites but to a certain extent and only when it is revelant and useful to do so.

5/12

This response falls within the 4-7 marking band.
The advantage is relevant and appropriate.

The disadvantage is relevant and appropriate.
The technological consideration is justified.

The economic factor is justified.
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X-rays are a form of ionising radiation. Other forms of ionising radiation include alpha particles, beta
particles and gamma rays.

Question 11 (23 marks)

Question 11a (3 marks)

Describe the process of ionisation by one of the forms of ionising radiation.

The ions are moving very quickly and they are able to pass through dense materials. 0/3

Question 11b (2 marks)

Outline the danger of ionising radiation for living cells.

The danger for living cells is that ionising can affect them and change tham, which can cause mutation. 1/2

Question 11c (1 mark)

X-rays, gamma rays and ultraviolet light are all forms of electromagnetic radiation.

Label the diagram of the electromagnetic spectrum.

radio | infrared | ultraviolet X-ray gamma ray
I 1 1 | =

visible

I u

microwave

1/1

Question 11d (3 marks)
X-rays and gamma rays can both be used by doctors to produce images of the internal structure of the
human body. The different properties of X-rays and gamma rays produce different types of image. An
X-ray image is formed by projecting X-rays, and then capturing the “shadow” on a surface that reacts
to X-ray radiation.

Using information from the table, discuss why X-rays are used, rather than ultraviolet or gamma rays,
when doctors wish to make images of a person’s bones.

ultraviolet X-rays gamma rays
absorption by skin high low low
absorption by bones high high low
absorption by soft tissue high medium low

This is becasue X-rays and gamma rays are the only rays of these three which can easily pass through the human skin. So why are
x-rays used and not gamma rays, this is becasue x-rays get absorped by bones, but gamma rays are passing right through the
bones. So you would not see the bones when you are using gamma rays, but you can see then very clearly when the doctor is using
X-rays.

3/3 Clear implication that UV does not pass through.
X-rays are not the only means of producing medical images. There are different options for

producing medical images. Information about some of the options is presented in the tables
below.
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X-ray CT scan

(

Details of bony High detail
structures

Details of bony High detail
structures

Details of soft
structures

Details of soft Good detail

No image possible structures

lonising 10 times annual radiation
radiation dose from natural sources
exposure

lonising Equivalent to 1/10 annual
radiation radiation dose from natural sources
exposure

Cost to patient $70

. Cost to patient $2000
per image

per image

Time taken 5 seconds
for scan

Time taken
for scan

30 seconds — 5 minutes

Is 3D imaging

possible? No Is 3D imaging

Ye
possible? s

= Very obese patients may not fit in the
scanning machine or may be too heavy

Other issues None )
Other issues for the table
= Can't scan image bone, soft tissue and
\ blood vessels at the same time )
@ Aaron Fulkersan
Ultrasound
) ; N
Details of bony Low detail (Details of bony Not used for bones N
structures structures
Details of soft ; ; i
structures High detall sD!?::tljr:f:Oﬁ Good detail
lonising lonisin
radiation None radiatic?n None
exposure exposure
Cost to patient $4000 Cost to patient $500
perimage per image
Time taken 15 minutes — 2 hours Time taken i
10 - 15 minutes
for scan for scan
Is 3D imaging Yes Is 3D imaging
possible? possible? es
* Potential claustrophobia
Other issues = Can't be used by patients with Other issues Requires highly trained operator
pacemakers or other metal implants
& - )
IStodiphato. comialus
@ Kenneth C_ Zifkel

Question 11e (14 marks)

All hospitals have a limited amount of money to spend on medical equipment. Hospital managers
have to balance the advantages and disadvantages of different types of equipment when they decide
how to spend their money.

Using the information in the tables, discuss and evaluate the medical imaging equipment you would
recommend to the hospital manager, clearly justifying your recommendation. In this extended piece of
writigg, you should consider the social and economic factors and include:

« the advantages of your chosen equipment

« the disadvantages of your chosen equipment
the perspective of the hospital

« the perspective of the patients.

So if a hospital is able to get the equipment for two than they would have everything they need. But if a hostpital is just able to organi

ze one than they should take the x-ray equipment. The advantage is that the price to get it cheap and to use it is quick, so they can s
can patient after patient. The disadvantage is that 3D imaging is not possible and x-rays have a chance to change the human cell, if y
ou have a overdosis of it. The perspective of the hostpital is that they can scan patient after patient, so they can make money. The p

erspective of the patient is that they don't have to pay to much money and they get the image very quickly. So a x-ray equipent is per
fect for the patiet, the only thing is that the patient should not come to often for a x-ray scan. This is like | alredy wrote, becasue the x

-rays can change the human cells and cause mutations.

5/14 The answer given here fulfils all the requirements of the 3-5 band: there is an advantage, but it is not justified;
there is a disadvantage, but again not justified. Information from the table is used and there is a comment about the
hospital.



javascript:void('Bold')
javascript:void('Italic')
javascript:void('Undo')
javascript:void('Redo')
javascript:void('Underline')
javascript:void('Subscript')
javascript:void('Superscript')
javascript:void('Insert/Remove Numbered List')
javascript:void('Insert/Remove Bulleted List')
javascript:void('Insert Special Character')
javascript:void('Wiris Editor')
javascript:void('Formatting Styles')
rebeccah
Rectangle


Middle Year
() / Programme
Question 12 (3 marks)

Look at the two very different images of feet.

Image 1 Image 2

@ International Baccalaureate Crganization 2018

The second image is by the artist Hugh Turvey who uses X-rays in his work. This piece of art is
called Femme Fatale and shows the foot of a woman wearing a high-heeled shoe. The artist has
used an X-ray, normally used in science, medicine or industry to create this artistic image.

Outline what the use of science can reveal that a photograph does not. Refer to the image and
apply the ideas that you have been introduced to in this task in your answer.

The use of x-ray can show the bone structures of someone, while photography does not, and that is clearly shown in both images.

1/3
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Question 13 (4 marks)

Previously, scientists would

remove the paint

Compare image C to images A and B. © (ntesmwmmamicandtue.acte |

Some art historians suggest that Rembrandt reused the canvas shown in image B.

Question 13a (2 marks)

Outline the evidence in these three images that supports the suggestion that the canvas was reused.

-the canvas was resused by the artist as he applied the XRFS method to examine his paiting from another way which indicates creati
vity, since he wanter to observe his own image in a different way.

0/2 not good enough
Question 13b (2 marks)

Suggest two benefits of using XRFS to examine paintings rather than removing areas of paint.

-the hidden inforamtion of a specific painting can be reveiled.

1/2
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The following table contains information that can be used to describe mass or weight.

Question 1 (5 marks)

Question 1a (2 marks)

Select the correct option to complete the table.

Mass Weight
Units kilogram independent of gravitational field strength
Type of quantity size only size and direction
Effect of gravitational newton oo :
dependent on gravitational field strength
field strength P g 9

0/2 Only one row is correctly completed but for the minimum one mark there has to be at least two rows correct therefore no mark is
awarded.

Question 1b (2 marks)

The table below contains information about four planets in the solar system. Using this information,
select the three unnamed planets and complete the table.

Relative mass Orbital Number of Main gases in Are there

compared period/ Year moons atmosphere any rings

to Earth present?
Earth 1 1 1 N,, O,, Ar No
Venus 0.82 0.62 0 CO,, N, No
Neptune 17.2 164.8 14 H,, He Yes
Jupiter 317.8 11.86 67 H,, He Yes

1/2 One planet is in the correct position and this gives one mark.

Question 1c¢ (1 mark)

State why the outer planets tend to be colder than the inner planets.

outer planets are coller than the inner planets because of the sun. planets like mercury venus earth mars are hotter because the sun i
s near to them. A we go to the outer like jupiter saturn uranus and venus are far from the sun thats why they are coller

1/1 Correctly identifies that the outer planets are farther than the sun and therefore cooler.
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A robotic probe is sent into space to collect data from three of the four inner planets: Mercury, Mars and

Venus.While passing close by each planet the probe drops a test object from a height of 100.0 m, the
shape of the object ensures that any frictional forces are negligible over a fall of this distance.

Question 2 (11 marks)

time /s

. : Mercury: 7.4 s Mercury
time/s
i Venus: 4.8 s | Venus
" te w4 I o s wooE g Mars:7.3s | Mars
“E e B - o time / 5 - il
ey il =

100
_80' &
— 60
20’

0

Question 2a (3 marks)
Using the data you collected above, calculate the acceleration due to gravity on Mercury and Mars.

Mercury:

100=(1/2)(g)(7.4)2
100 = 27.38g

g:3.65ms'2

Mars:

100=(1/2)(g)(7.3)2
100 = 26.65g

g=3.75ms 2

2/3 The final answers are not given to the correct significant figures and therefore the final mark is only 2.
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The scientists receiving the data on Earth know that gravitational field strength (g) is proportional
to a planet’s density (p) and its radius (r).
gravitational field strength ~ density x radius
g~pxr
The radius of Mercury is about two thirds of the radius of Mars.

Mercury Mars

Question 2b (2 marks)

Explain why Mars and Mercury can have almost the same value of g, if Mars has a much larger radius.

This is because Mars is denser than mercury. Considering the formula of gravitational field strength, density is directly proportional to
gravitational field strength which means although mars is smaller than mercury, it will have a greater gravitational field strength due t

o its larger density.

0/2 Mars has a density less than Mercury therefore the constant reference to Mars having a higher density (and Mars being smaller)

means the overall answer is incorrect.
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The experiment is repeated and again a test object is dropped from a height of 100.0 m.

Next, the space probe visits two of Jupiter’s moons: lo and Ganymede.

The gravitational field strength of lo = 1.8 N kg
The gravitational field strength of Ganymede = 1.4 N kg'.
The test object has a mass of 20 kg.

Question 2c¢ (3 marks)

Use information from the formula sheet to calculate the gravitational potential energy (E,) of the test
object before it is dropped over lo.

Ep =20(100)(1.8)
Ep =3600J

3/3 The equation is clearly shown from the values used to calculate the final answer.

All of the test object’s gravitational potential energy (Ep) transforms to kinetic energy before
hitting the surface of the moons.

Question 2d (3 marks)
The test object travels faster before hitting the surface of lo than it does before hitting the surface of
Ganymede. Explain this observation.

This is due to the greater acceleration in Lo than in Ganymede. The object accelerates to a greater speed before hitting the surface o
f lo than it does before hitting the surface of ganymede due to a greater value of acceleration in Lo. The maximum velocity reached,
also known as the terminal velocity in lo is greater than the terminal velocity in ganymede due to greater gravitational field strength. A
s a result it appears to be travelling faster in Lo than in Ganymede.

1/3 Correct comment made that GPE on lo is greater than Ganymede. The rest of the answer is basically repeating the information given

in the question.
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Question 3 (11 marks)

When the space probe in Question 2 is
investigating acceleration, air resistance is

On Earth, a parachute can be used to
increase air resistance.

The maximum speed a falling object
reaches is known as the terminal velocity.

Question 3a (2 marks)

Some students perform an investigation into the terminal velocity of a simple parachute. One of
the students wants to investigate how the area of the parachute affects its terminal velocity.

Suggest one piece of equipment that the student will need to perform this experiment.

Equipment:  Stop watch, ruler

Stop watch is to record the time taken for the parachute to reach the ground. Ruler is to measure the distance that the parachute wa
release.

2/2 The stop watch is correct (ruler is extra but the stopwatch is used for the mark).

Question 3b (3 marks)
Suggest and explain a hypothesis for this experiment.

The larger the surface area of the parachute, the more time the object will take to land on the ground.

2/3 There is no mention of increasing air resistance.

Question 3c (3 marks)

State one variable that the student will need to control. Describe how this variable should be
controlled and why it should be controlled.

Variable

The mass of the object

How the variable should be controlled

Use object that contain the same mass for each experiment.

Why the variable should be controlled
If we use diffrent mass for each experiment the result will be diffrent.
2/3 No mention of why the mass will affect the results i.e. the downward force would increase.

Question 3d (3 marks)

Explain what results the student will need to collect to ensure that they have sufficient relevant data.

The time taken for the parachute to reach the ground and the distance they drop the parachute.

0/3 There is no explanation of the range of the readings or the repeats needs.
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Question 4 (3 marks)

The first animation shows the Moon orbiting the Earth.

W en wikipedia orgwikilLunar_phase

The second animation shows how the Moon looks each day, when viewed from the Earth over a
complete month.

www.en wikipedia.orghwikilLibration

Question 4a (2 marks)

Using the information from both animations, describe why the appearance of the Moon changes
over a month.
As the moon moves around the Earth and the Earth moves around the sun, the moon is visible when it's in between the sun and the
Earth. But as it rotates the moon will become less and less visible. It's would see the edge of the moon, then half of the moon won't b
e seem and then another quearter of the moon won't be seem. As the moon rotates already half of the Earth, human won't be able to

see the moon anymore until it rotates back it one quarter will appear and after half of the moon until it back to the original place wher
e it shows the whole moon.

1/2 The moon is not visible when it is between the sun and the Earth as this is when the Earth only sees the 'back’ of the sun facing away
from the sun and thus in shadow.

Question 4b (1 mark)
The Moon affects the tides on Earth. Identify the force that produces this effect.

The force that produces this effect is gravity force 11
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In the 1950s, cosmologists proposed the "steady-state" theory to explain certain aspects of the
universe after it was observed to be expanding. This theory states that:

Question 5 (2 marks)

« the universe has no beginning or end

« the temperature of the universe has always been constant and will not change in the future

. as the universe expands, new matter is created and the density of the universe remains
constant.

Outline two ways in which this theory is different to the "big-bang" theory.

1) The universe is caused by a big bang / collision, hence resulting in a start.

2) As the universe expands, the density of the universe will increase.

2/2 The density of the universe is not constant and there is a moment of beginning.
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A student investigates an electrical circuit containing a variable power supply, an ammeter and a
filament lamp (bulb) in which the current through the bulb can be changed.

Question 6 (7 marks)

One of the circuit diagrams below is incorrect, the other circuit diagram is correct.

Incorrect ‘
| M
| |

e )
.

Na%

Explain why the current through the bulb could not be measured using the incorrect circuit.

Question 6a (2 marks)

Correct ‘

®)

Because in the incorrect circuit the current in being split between the amerter and the lightbulb. For it to work the ameter must be me
asuring all of the current.

1/2 As the ammeter has low resistance, all of the current should flow through it when it is in series with the bulb.

Question 6b (2 marks)

Student example

Circuit simulation

v
2

M/ﬂ

The student connects the components as shown and attaches a sensor to the filament. The
sensor displays the temperature of the filament.

State the dependent and independent variables in this investigation.
Independent variable

Amps

Dependent variable

temperature of filament 1/2
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Question 6¢ (3 marks)

The student decides to measure the current at each of the following voltages. When asked about
the reason for choosing these values the student says:

“I consider this to be a valid variation of voltage as it provides an appropriate number of
measurements within the proposed range of voltage | am covering from 0 Vto 12 V.”

Evaluate the values of voltage the student has chosen.

Voltage / V
0.0
0.4
0.8
1.2
3.6
4.0
9.2
11.6
12.0

The student has chosen an appropriate amount of measuments within the range but has not chosen enough varied values. He has
over a 5 V range where he does not measure any values. Instead he should choose evenly spaced values to ensure enough variety.

3/3 The candidate has identified that there are enough (9) measurements and that they cover the range (0 to 12 V).

Question 7 (13 marks)

Question 7a (3 marks)
Choose your own appropriate values of voltage and use the simulation to measure the current.
Also collect data about filament temperature and state any changes you observe in the lamp.

When you finish completing the table, double click on “Plot data” below to produce the graph for
your data and proceed to the next question.

Filament

zoltage / gurrem / fampetatiirs Lamp

°C observations
0.0 0 20 No light
2.0 0.0040 540 No Light/ Dull
4.0 0.0080 1060 Dull
6.0 0.0120 1580 Dull
8.0 0.0180 2100 Dull

1/3 Two different descriptions used for the same result.
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Question 7b (3 marks)
Using the graph, describe the relationship between voltage and current in the circuit.

@ Data point
0.0160-¢

°

0.0140
0.0120—
0.010

0.0080

Current/ A

0.0060

0.0040

0.0020

00 \ I |
0.0 1.0 20 3.0 4.0 5.0 6.0 7.0 8.0
Voltage / V

As the voltage increases, the current in the circuit also increases. 1/3

Resistance (R) is defined as the ratio of voltage (V) across a material to the current (I) flowing
through the material. The unit of resistance is the ohm and its symbol is Q.

v

R=T

Question 7c (4 marks)

Describe how resistance changes in the filament across the range of the experiment. You should
choose two points on the graph to calculate values of resistance to support your answer.

Based on Ohm's Law, resistance should be constant, as voltage increases, and current also increases, provided there is no change i
n temperature.

For example,

Note: R = Resistance

R1 =2.0 + 0.0040 = 500Q
Ro = 4.0 + 0.0080 = 500Q

Hence, Resistance remains constant.

4/4 The two resistances have been compared, this fulfils the marking points of commenting on the two values.
Question 7d (3 marks)
Before starting the experiment, the following hypothesis was proposed:

"In all materials, the current is directly proportional to the voltage.”

Discuss whether or not the results from this experiment support this hypothesis.

The results from this experiment support this hypothesis, because it shows as the voltage increases, the current also increases. Besi
des that, it passes through the origin. Furthermore, it shows a positive gradient.

1/3
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Question 8 (10 marks)

A second student carries out a similar experiment using a different light bulb. He realizes that the lamp

begins to glow above a certain temperature. Hover over the points on the graph to show the data values.

0.0200
> |®*
0.0190 -
L 2
-
»
E 0.0180
S L
g .
0.0170 -
* v
0.0160 - ’;‘
0.0150
70 80 90 100 110 120 13.0
Voltage /V
Temperature = °CJ

Question 8a (1 mark)

For these results, state the voltage at which the light bulb begins to glow.

voltage= 10.4 V. 1/1
Question 8b (2 marks)

All materials radiate energy in the form of electromagnetic waves. The frequency of the waves
increases with temperature.

Explain, with reference to the electromagnetic spectrum, why the filament only glows above a certain
temperature.

The filament only glows above a certain temperature because the filament requires a certain amount of energy in order to glow. The
spectrum relates to the frequency of the electromagnetic waves, so when they have a high enough frequency meaning that the temp
erature is high enough, to create light. Also, the particles when exposed to temperature move fast enough to radiate heat.

1/2
No mention of the EM spectrum only being visible at certain frequencies.

"to create light": this is a confusing statement they emit the visible spectrum is correct rather than ‘create’ light.
Question 8c (5 marks)

Kinetic theory describes how particles in materials are in constant motion. Interpret the results of the
experiment and use kinetic theory to explain the results.

In the experiment we can see that as the temperature increases while the voltage and current do too, the curve in the graph becomes
less and less steep, and eventually it will reach a constant value.

This can be related to the kinetic theory, where particles are being heated up due to the energy created by increasing the voltage an
d current, that they will eventually reach a state where they can’t vibrate any faster, so that is when the bulb will be lit at its
maximum. Also, the motion of particles is increasing as the temperature increases, so the higher the voltage and current, the faster th
e particles will be moving and the more the light bulb will shine. The motion of particles increasing is key to the bulb being lit.

2/5 Fails to link the particle vibration to an increasing resistance due to collisions in the material and this causes the plateau in the graph.

Question 8d (2 marks)

Outline another experiment that the student could perform to extend this investigation.

To extend this investigation, the student could do an investigation on different types of light bulbs, and how they would react to the in
crease in temperature, or in motion of particles. Will they also light up? Will the temperature also increase by 10° C ?

2/2 Clearly gives another experiment and there is justification.
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Communication in the modern world relies on transmission using satellites. Pictures, documents,
videos and songs are examples of information that can be converted into electromagnetic waves. The
electromagnetic waves are sent from a ground station to a satellite and then retransmitted to a second
station on Earth. Satellite transmission means that the electromagnetic waves can be sent over much
larger distances than are possible with ground transmission.

Question 9 (16 marks)

The animation shows a simple model of a satellite transmission where s is the ground distance
between the two stations, h is the height of the satellite above the surface of the Earth and the P
marks show the limits of the satellite footprint. Signals travel at the speed of light from the ground
station to the satellite and back.

Footprint of the satellite<,

A study is performed to determine if there is a relationship between ground distance (s) and
transmission time (f).

Question 9a (2 marks)
Identify the independent, dependent and control variables for this experiment.
transmission time t:
dependent
height h:
control
ground distance s:

2/2
independent

Question 9b (3 marks)

Formulate and justify a hypothesis about the relationship between the variables for this study.

Hypothesis: Height is fixed, its always 35800 km from the Earth to satellite, so it is a control variable. Independent is the variable whi
ch we change and in this experiment we change distance and after its affect the transmission time changes (dependent). As the dista
nce increases the path of waves increase too and transmission time increase too. According to the formula of time=distance/speed, s
peed is constant, speed of light, but distance changes.

3/3


rebeccah
Rectangle

rebeccah
Rectangle

rebeccah
Rectangle

rebeccah
Rectangle


Middle Years
Programme

Question 9c¢ (3 marks)
Describe the effect an unexpected change of the control variable would have on the independent and
dependent variables.
Independent variable:

If the control becomes shorter, the distance in which satellite could transmit waves become smaller, the area or path in which satellite
can transmit vecomes fewer. If it rise more distance satellite can transmit

Dependent variable:

if the control variable will be bigger, waves might not reach satellite, nothing will appear, or if it will reach the transmission time will be
come longer. If the control will become shorter, thatsmission time will decrease too

2/3 The effect on independent variable or ground distance would be unaffected, this is not clear from the answer given.

Question 9d (2 marks)

Use the animation to outline why there is a maximum possible ground distance between stations.

its called a footprint of satellite. One satellite can’t transmit waves on whole surface, that's why it takes a not big part of the Earth. If t
he maximum distance will increase, station will catch signals very hard, because the angle of accepting will be huge and it required a
strong acceptor.

1/2 The answer is not very clear. It appears that the candidate has understood that the station is not in the footprint of the satellite, but
this is not very clear.

Question 9e (2 marks)
In the animation above, the value of s can be set to small values (even zero).

Explain why in a real situation, satellite transmission would not even be considered for small distances.

because there a network connection in the not big area. for example to use satellite only in China is not required, because they can
use internet. But if it required to transmit information between ocean, network won't help, that's satellite required for the connection b
etween far distances. And internet is cheaper that to make and hold satellite

1/2 No mention of time increasing if the satellite is used for short distances.

Question 9f (2 marks)

0.265
0.260
0.255

The graph shows data collected from the satellite 0250

animation. Comment on the shape of the graph. 0.245

Transmission time / s

0.2404

0.235

0 4000 8000 10 000
Ground distance between stations / km

This ghaprh got a parabola form. It's not a linear function. as the distance increases transmission time increase too, but it's the rise is
not equal it's like an acceleration.

1/2 Understanding that the time increases but this could be exponential but not a parabola
Question 9g (2 marks)
Use your answer to part (f) to select the correct option. Justify your answer.
®

The results support the hypothesis.

O
The results do not support the hypothesis.

as i said in the hypothesis as the distance increases the time of transmission increase too. The traectory of waves from station to sat
ellite to station can be explained as the iscosceles triangle. When the base (distance) increases, two equal side becomes longer too, 2/2
because their origin to satellite becomes further.
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Question 10 (12 marks)

Satellites can be used to access the internet.

Discuss and evaluate the advantages and disadvantages of internet access using satellites
compared to traditional cable-based internet access. In your answer you should include:

« an advantage of satellite internet access

» a disadvantage of satellite internet access
« technological considerations

e economic factors

» a concluding appraisal.

Satillites allow people to access any part of the internet from anywhere in the world. The information that someone puts onto the inter
net in California can be accessed by someone in South Africa in seconds. If the internet was only supported by cable-based access, i
t could become segregated to only sections of the world instead of being the interconnected and international platform that it is today.
Anybody can access information from anywhere in the world that was uploaded from anywhere in the world, which is an important p
art of our global community and allows us to gain an understanding of different cultures that we would not otherwise be exposed to.

This interconnectedness and the vast extent of the internet has also allowed activities that have negative impacts on society or are ill
egal in many countries to grow and thrive on a global scale.

However, satillites can be expensive to build and maintain and need to be repaired periodically to ensure that they are and will contin
ue to work properly. If there is debris that is also in orbit, the debris could damage satillites and cause massive land areas to be witho
ut the service that it provides for a long period of time while the satillite that was damaged is being repaired.

Personally, | think that using satillites for internet access is a good thing and will help move society forward at a faster pace, as we ar
e becoming more international and have the ability to share and express ourselves and our opinions, feelings, ideas, etc online with t
he world. This helps us to be a more global community that has a better understanding of each other and our cultures and makes us
more open minded.

5/12 The advantage is that internet connection is fast and connects global communities faster. Disadvantage is that satellites can be
damaged by debris in space and this stops coverage for a long time. Economic factors are expensive to build and maintain. This answer is
assessed in band 4-7.
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Question 11 (23 marks)

X-rays are a form of ionising radiation. Other forms of ionising radiation include alpha particles, beta
particles and gamma rays.

Question 11a (3 marks)

Describe the process of ionisation by one of the forms of ionising radiation.

lonising radiation occors when the nucleus of an atom become unstable, which than releases radiation in the form of alpha patrticles,
beta particles and gamma rays. All of these particles have a different charge, however gamma is the main ray that is released.

0/3
Question 11b (2 marks)

Outline the danger of ionising radiation for living cells.

Radiation is a danger for living body cells as it kills cells, which contain extremely important information such as DNA for humans

and animals. A body exposed to ionised radiation could eventually Kill all body cells, which could eventually result to extreme health p
roblems or possible death.

1/2
Question 11c (1 mark)

X-rays, gamma rays and ultraviolet light are all forms of electromagnetic radiation.

Label the diagram of the electromagnetic spectrum.
X-ra

radio | infrared | i
" 1 -
microwave visible

1/1

Question 11d (3 marks)

X-rays and gamma rays can both be used by doctors to produce images of the internal structure of the
human body. The different properties of X-rays and gamma rays produce different types of image. An

X-ray image is formed by projecting X-rays, and then capturing the “shadow” on a surface that reacts
to X-ray radiation.

Using information from the table, discuss why X-rays are used, rather than ultraviolet or gamma rays,
when doctors wish to make images of a person’s bones.

ultraviolet X-rays gamma rays
absorption by skin high low low
absorption by bones high high low
absorption by soft tissue high medium low

X rays are the most effective to use because they have they contain a high absorbtion of the bones, which allows doctors to see the
bones crearly, while not causing a lot of damage to the skin and tissues of the body. This makes x rays extremely effective, and unlik
e other rays they are used because they cause the least harm to the persons body, and are the most safe.

X-rays are not the only means of producing medical images. There are different options for

producing medical images. Information about some of the options is presented in the tables
below.
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X-ray CT scan

(

Details of bony High detail
structures

Details of bony High detail
structures

Details of soft Details of soft Good detail

No image possible

structures structures
lonising Equivalent to 1/10 annual lonising 10 times annual radiation
radiation radiation dose from natural sources radiation dose from natural sources
exposure exposure
Cost to patient $70 Cost to patient $2000
per image per image
Time taken i
5 seconds Time taken 30 seconds — 5 minutes
for scan for scan
Is 3D imaging ; f
possible? No Lso::?i blr;;gmg Yes
= Very obese patients may not fit in the
Other issues None ) scanning machine or may be too heavy
Other issues for the table
= Can't scan image bone, soft tissue and
\ blood vessels at the same time )
© | Aaron Fulkerson
MRI Ultrasound
. ‘ I
Details of bony Low detail (Details of bony Not used for bones N
structures structures
Details of soft . : i
structures Eloicstel sDt?::tljr:f:Oﬁ Good detail
lonising lonisi
radiation None rgzli?tri?n None
exposure exposure
Cost to patient $4000 Cost to patient $500
perimage per image
Time taken 15 minutes — 2 hours Time taken i
10 - 15 minutes
for scan for scan
Is 3D imaging Yes Is 3D imaging
possible? possible? es
+ Potential claustrophobia
Other issues + Can't be used by patients with Other issues Requires highly trained operator
pacemakers or other metal implants
. - )

Stodkphoto.comialus
© [isese —— © (weowenc ze

Question 11e (14 marks)

All hospitals have a limited amount of money to spend on medical equipment. Hospital managers
have to balance the advantages and disadvantages of different types of equipment when they decide
how to spend their money.

Using the information in the tables, discuss and evaluate the medical imaging equipment you would
recommend to the hospital manager, clearly justifying your recommendation. In this extended piece of
writing, you should consider the social and economic factors and include:

« the advantages of your chosen equipment

« the disadvantages of your chosen equipment
« the perspective of the hospital

« the perspective of the patients.

As a hospital manager, i would reccomend the CT scanning techngiue. The main advanatge of tis equipment is the fact that it is exire
mely efficient for saccanning; it can display both the bones and soft structures in good detail, so the doctors can use this machine for
a range of medical cases, at different dimensions as the 3D option is also possible. Additionally, its one of the equipments that takes

the fastets to scan, which allows for a wide covereage of patinets at a daily basis.

However, the main disatvantage of this product is the fact that it immits very high amount of radiation, which may be a severe harm t
o the pateint. However, the most importnat aspect is accurate treatment, and if a patient uses this machine for treatment very rarely, i
t will not cuase enough damage to his body in general. The scanner does have a couple of issues, as it cannot fit obese people and i
t cannot scan multiple sections at the same time, however these can be fixed by perfroming the scan test multiple times for example.

In terms of the perspective, the patinets would view this as not a very pleasent idea, due to the high cost of the scan and the high risk
of radiation. In terms of the hospital, the machine unformtunetaly does pollute high amounts of raduation, which emmits fossil fuels,
which could cause the hospital popularity to decrease due to the use of dangerous and polluting machniery, which most patinets coul
d be against of using.

12/14 The response falls into the 10-14 band, meets the requirements for advantage and disadvantage, a comment related to the patient but
not to the hospital and no concluding statement.
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Question 12 (3 marks)

Look at the two very different images of feet.

Image 1 Image 2

@ Internaticnal Baccalsureate Crganization 2018 @ e

The second image is by the artist Hugh Turvey who uses X-rays in his work. This piece of art is
called Femme Fatale and shows the foot of a woman wearing a high-heeled shoe. The artist has
used an X-ray, normally used in science, medicine or industry to create this artistic image.

Outline what the use of science can reveal that a photograph does not. Refer to the image and

apply the ideas that you have been introduced to in this task in your answer.

The use of science can show what is happening inside the body and a photograph can not. In the art piece it is evident that you can s
ee the structure of the bone and how it looks. Also, science can reveal structures and the pressure being put on the foot as shown in
the art piece.

2/3
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Question 13 (4 marks)

Previously, scientists would

remove the paint

@ | hitp:/Aeww rembrandt us.ac be/

Compare image C to images A and B.

Some art historians suggest that Rembrandt reused the canvas shown in image B.

Question 13a (2 marks)

Outline the evidence in these three images that supports the suggestion that the canvas was reused.

The proof that the artist used the same canvas in B to draw C can be shown through the outline produced by the image B. ALthough
it is an X-ray of image A, the outline of image B is extremely simialr to that of the original piece C.

1/2

Question 13b (2 marks)

Suggest two benefits of using XRFS to examine paintings rather than removing areas of paint.

Using XRFS, not only allows historians to discover the type of paint or techniques the historians used, but it also allows them to inves
tigate secrets lying beneath the surface of the painting. This helps them in further investigating the reason behind such art pieces an
d the general style of the artist, as he might've used such techiniques in multiples of his artwork.

1/2
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