. Question 1 (12 marks)

D Question 1a (1 mark)

Coal-fired power stations are systems that change chemical potential energy into electricity,
beginning with the burning of coal to heat water.

A coal-fired power station involves three states of matter. Identify the location of each of the
substances below:




A coal-fired power station involves three states of matter. Identify the location of each of the

substances below

Draggable items:

Water

Steam




1b (1 mark)

Absorbing heat can affect the kinetic energy of water molecules. State how water molecules are
affected by this increase in kinetic energy.




As water boils into steam, the heat energy absorbed does not affect the kinetic energy of the
molecules. Outline what happens to this heat energy referring to the movement and
arrangement of particles.




One kilogram of coal contains approximately 2.5 x 107 J of chemical potential energy. For a
coal-fired power station that burns 4.5 x 10° kg of coal per hour, calculate the energy released
in one hour. You should give your answer to two significant figures.
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u Question 1e (2 marks) : .

w..

Another coal-fired power station burns enough coal per hour to generate a power of
26 700 MW. If the efficiency of this power station is 28 %, determine the useful power output.
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Question 1f (1 mark)
e ——————— e
Burning coal contributes to climate change by altering the composition of Earth's atmosphere,
increasing the quantity of greenhouse gases. The diagram below shows the flow of energy

through the Earth's atmosphere.
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l Heat energ: absorbed and re—emitbfd by greenhouse gases

Greenhouse gases trap heat energy in Earth's atmosphere. This trapped heat is associated with
more extreme weather events like storms, droughts, floods and changes to Earth's climate.
Using scientific knowledge, explain why trapping heat energy in Earth’s atmosphere would
cause more extreme weather events and changes to Earth's climate.
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Question 1g (3 marks)

Greenhouse gases trap heat energy in Earth's atmosphere. This trapped heat is associated with
more extreme weather events like storms, droughts, floods and changes to Earth's climate.
Using scientific knowledge, explain why trapping heat energy in Earth's atmosphere would
cause more extreme weather events and changes to Earth's &limate.
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Using the periodic table, state the number of protons and the number of neutrons present in the
nucleus of one atom of uranium-235.

Number of protons: Number of neutrons:
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Fiscion




Neutron







Question 2c (2 marks)

A neutron is needed to start this fission reaction. Neutrons are also produced during the
reaction. This means that a chain reaction can occur with the fission of uranium-235.
Suggest the meaning of the term chain reaction.




U Question 2d (3 marks)

“
In nuclear power plants, fission reactions are used to supply energy but these chain reactions

have to be carefully controlled. Describe a possible danger of an uncontrolled chain reaction in
a nuclear power plant.
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D Question 2e (1 mark) . |

| Nuclear power plants use uranium in the form of fuel rods. These rods are no longer useable
when the level of uranium-235 remaining is low. However, used fuel rods still contain a small

amount of remaining uranium-235 which decays over time, emitting radiation as shown in the
graph below.
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Use the g;aph to predict how many years it would thke for 75% of the remaining uranium to
decay.
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Suggest why the long decay time of uranium-235 poses a significant challenge for the safe
~ disposal of fuel rods.
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Select the wires the student should use to
collect sufficient data to determine the
relationship between the resistance and

the length of the wire.
"T' Material
0 40 Silver
] 60 Silver
o  ® Silver
o - 100 Copper
0 1w Silver
0 100 Copper
O 100 | Aluminium
0O 100 Copper
g 100 s [ Gold
(m) 100 Nichrome
i —D_—t_ 100 Silver
I O | 100 Copper
D 1200 Silver

Cross-sectional
area | mm?

25
25
25
1.0
1.5
2.0
25
2.5
2.5
2.5

i
3.0
25




D Question 3e (1 mark)

Select the location in the circuit below for each piece of equipment required to take
measurements to calculate the resistance of a wire.

Draggable items:

® @
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For one of the trials when the wire was 100 cm long, the voltage across the wire was 1.5V and
the current through the wire was measured as 0.24 A. Determine the resistance of the wire.




O Question 3g (2 marks)

The graph below shows the processed data from the experiment. Plot the value you determined
in part (f) and draw the line of best fit on the graph.
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Question 3h (2 marks)

According to theory, the relationship between resistance and length should be proportional,
however, the student'’s results do not fit perfectly on the line of best fit. Suggest one source of
error in this investigation and how this would affect the calculated value of resistance.
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You are given a new piece of equipment with two steel balls held magnetically on one side

 ve m neodymium magnet placed on a wooden track. A single ball is rolled mm he
othur side of the magnet. As this ball collides with the magnet, the ball on the other side shoot:
out with a much faster velocity, as shown in the slow motion video below.

This media contains no audio









The slow-motion video shows the motion of the ball just before it collides with the magnet. Drag
and drop to draw and label the forces acting on the ball while it is rolling just before it collides
with the magnet.

Draggable items:
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force
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Suggest why the acceleration of the ball is not constant as it approaches the magnet. Justify
your answer using scientific reasoning.




. Question 4d (1 mark)

The magnet can be assumed to have a magnetic field similar to that of the Earth. Select the
diagram that best represents the magnetic field lines around the magnet.
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 Question de (1 mark) ,
Once the incoming ball collides with the magnet, the exiting ball on the other side has a much
greater kinetic energy than the incoming ball before the collision. Use your scientific knowledge

~ to suggest a reason for this observation.




You plan to%esign an experiment using this equipment with a ball rolling down an inclined plane
at a fixed angle and colliding with a magnet on a level surface. The exiting ball on the right
 moves along an upward inclined plane at the same angle, as shown below.

Initially
Wooden track

Finally




Wooden track

Finally
Wooden track




Design an investigation to find out the relationship between the maximum height (h;) reached
by the exiting ball and the initial height (h4) of the incoming ball. In your plan, you should include:

« the independent variable, dependent variable and one control variable

« a hypothesis which is explained using scientific reasoning

« a detailed method for how you will collect data, including the equipment you will use
» details of how you will make sure your method is safe. )
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u Question 4g (4 marks) _

#

Construct a data table that could be used to record data from the investigation in part (f).
The table must include:

« an appropriate number of rows and columns
« the values of the independent variable that will be used

« a column for processed data with an appropriate title.

Create New Table

N |



O Question 5a (1 mark)

M

A student carried out an experiment using the equipment below.




They adjust the current of the power supply. The rod is initially at rest, but when the switch

is closed, it accelerates to the right. The student measures the time taken by the rod to move 16
cm.

This media is interactive

Animation control




They adjust the current of the power supply. The rod is initially at rest, but when the switch
is closed, it accelerates to the right. The student measures the time taken by the rod to move 16
cm.

This media is interactive

Animation control




is closed, it accelerates to the right. The student measures the time taken by the rod to move 16

cm.

This media is interactive

Animation control

Current set

Switch closed
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is closed, it accelerates to the right. The student measures the time taken by the rod to move 16
cm.

This media is interactive

Animation control




is closed, it accelerates to the right. The student measures the time taken by the rcd to move 16
cm.

This media is interactive

Animation control

Current set

Switch closed







e T e

umes that the rod accelerates uniformly. For the last trial, at a current >
rds a time of 1.70 s. Using the formula sheet, calculate the acceleration of the
b | ; L







Before starting the experiment, the student makes the following prediction:

If the results of the experiment support this hypothesis, select the graph that would represent
the data.







u Question 5e (2 marks) '

Another student processed the data and calculated the force on the rod for each current. The
student plotted their data on the graph below.
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graph, outline why the student’s hypothesis in part (d) is not supported by e
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- The student adjusts the current to 4 A. Use the graph in part (e) to suggest what you think
~ would happen to the rod. Justify your answer.




- For the rod to move, it needs to overcome frictional forces. Use the graph to suggest the size of
“the frictional forces. -

L







D Question 6b (1 mark)

Clearer images can be obtained by using mirrors to create a reflecting telescope. The first
reflecting telescope was made by Isaac Newton in 1668. Parallel rays from a distant object are
reflected by a curved primary mirror onto a plane secondary mirror. The rays are reflected again
by the secondary mirror and come into focus at the eyepiece.

Label the primary mirror, secondary mirror and the position of the eyepiece in the diagram

shown.
Draggable items:
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Label the primary mirror, secondary mirror and the position of the eyepiece in the diagram
shown.
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c Question 6c¢ (1 mark) ' _

One of the most famous telescopes of the 20th century was called the Hooker telescope. It was
the world's largest telescope from 1917 to 1949 and included a 2.5 m reflecting mirror.




r of times a single ray of light is reflected after it enters the




D Question 6d (1 mark)

The Hooker telescope was used by Edwin
Hubble to make observations that would
change our view of the universe forever.
He was able to prove that the universe
extends far beyond the edge of the Milky
Way galaxy. Hubble also proposed that the
universe is expanding.

Suggest what phenomenon Hubble
observed to show him that the universe is
expanding.

B I U x x|(i= 2|0 Z
Styles = [




U Question 6e (2 marks)

M

The idea of having a telescope in space, instead of on the surface of the Earth, was proposed

early in the 20th century. This was an idea to improve the quality of the observations that could
be made.

Suggest why a teflescope in space can make clearer observations than a telescope on the
Earth's surface.




D Question 7 (19 marks)

Video S[}lpl

The Hubble Space Telescope, named after Edwin Hubble, was built in the 1970s, but wasn’t
launched until 1990 due to technical delays and budget problems.

Soon after the telescope had been successfully launched into space, a problem with the main
mirror of the telescope was discovered.

A mission in 1993 corrected the problem with the mirror and brought instrument upgrades to
the telescope. The mission to correct the telescope took almost 11 days and the crew
members made five spacewalks during the mission.

The Hubble Space Telescope changed our understanding of the universe forever. A famous
image was taken in 1995 of the Eagle Nebula at a distance of around 7000 light years from
Earth. The image showed dust and gas in the process of creating new stars.

This image has been replicated on everything from T-shirts to coffee mugs.

Plans for a new space telescope started in 1996. The new telescope would include a larger
mirror and would have to travel further from Earth so that it could see deeper into space than
ever before. This telescope, named the James Webb Space Telescope, was designed to look
for waves in the infrared region of the electromagnetic spectrum.

ould be sent to a location that was so far from Earth that it couldn't be repaired



the telescope. The mission to correct the telescope took almost 11 days and the crew
members made five spacewalks during the mission. :

The Hubble Space Telescope changed our understanding of the universe forever. A famous
image was taken in 1995 of the Eagle Nebula at a distance of around 7000 light years from
Earth. The image showed dust and gas in the process of creating new stars.

This image has been replicated on everything from T-shirts to coffee mugs.

Plans for a new space telescope started in 1996. The new telescope would include a larger
mirror and would have to travel further from Earth so that it could see deeper into space than
ever before. This telescope, named the James Webb Space Telescope, was deéigned to look
for waves in the infrared region of the electromagnetic spectrum.

The telescope would be sent to a location that was so far from Earth that it couldn’t be repaired
if there were problems.

The telescope is the most expensive piece of scientific equipment ever made. However, the
10-billion-dollar cost is much less than the over 750 billion dollars that the US has as its annual
military budget.



u Question 7a (13 marks) _ .

Using the information in the video and your wider MYP studies, discuss and evaluate the
development of the JWST and its role in extending our knowledge and understanding of the
universe. In your answer, you should include:

«» the scientific challenges of launching a telescope into space

« the social or cultural implications of the observations made with telescopes

« the economic implications of spending government funds on a space telescope
*a conbluding appraisal giving your opinion on the impact of the JWST.
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D Question 7b (6 marks)

The JWST carries a mid-infrared instrument that some people believe could provide evidence of
life on otHer planets.

Some facts about the JWST are given below.

« The instrument can detect substances such as water, oxygen, ozone, methane and carbon
dioxide on planets outside our solar system. These planets are known as exoplanets.

« The exoplanet has to be orbiting a specific kind of star, known as a white dwarf, for the
substances to be detected by the instrument.

« The nearest white dwarf star to Earth is over eight light-years away and there are only about
34 known white dwarf stars within 40 light-years of Earth.




34 known white

dwarf stars within 40 light-years of Earth.

Use the information above to evaluate the benefits and limitations of using the mid-infrared
instrument on the JWST to search for evidence of life on other planets.
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