_u Question 1 (10 marks)

Devices have been developed by scientists to replace parts of the human body. These devices
are called prosthetics. The earliest known prosthetic was a toe believed to have been used in
Egypt around 3000 years ago. Recently, prosthetic hands, arms and legs have become more
common and have many different designs, as shown in the images below.
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rge demand for prosthetic hands, arms and legs. A child with a prosthetic arm will
@ new one every one to two years, while adults will only need a replacement if it
jgest a biological reason why children will need regular replacements.
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u Question 1b (1 mark)

One of the latest developments in prosthetics is the bionic hand. Even when a person does not
have a hand, electrical signals to nerves are still being sent from the brain. These electrical

signals are picked up by sensors implanted under the skin and are transmitted to the bionic
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ears then move the hand in a realistic way.













ds help people to carry and grip objects. Different types of bionic hands can carry
masses and have different grip forces. The videos below show a bionic hand gripping

ng objects



Bl WIUESTION TC (2 MArks)

B Bionic hands help people to carry and grip objects. Different types of bionic hands can carry
different masses and have different grip forces. The videos below show a bionic hand gripping
and carrying objects,
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This media contains no audio This media contains no audio




Bl JUESTION 1C (£ MArks)

Bionic hands help people to carry and grip objects. Different types of bionic hands can carry
different masses and have different grip forces. The videos below show a bionic hand gripping
and carrying objects.

This media contains no audio This media contains no audio




ves some data comparing four types of bionic hand.




ot need to carry more than 20 kg (heavy suitcase) and do not need to have a
r than 70 N.
{c) to calculate how much more mass the i-Limb can carry and how much
he i-Limb gives compared to what a person normally needs.










Question 2 (16 marks)

A student has been inspired by studying prosthetics in science class and they want to turn this
into a Service Project. The student wants to use a 3D printer to produce prosthetic hands for
|4 children in the local community. These hands open and close when the child moves their wrist.







D Question 2a (1 mark)

Identify each part of the hand that is being replaced by the prosthetic in the diagram below
Y p Q re| 2|







the triceps. These are
s an antagonistic muscle pair,
he muscles work to oppose each
how these muscles work to

arm upwards.




does not react to heat in the same way as a human hand. In the human body,
can react automatically to a stimulus; this is called a reflex. Explain what
e below when your hand touches something hot.










are often made of ABS (acrylonitrile butadiene styrene). This plastic is

and high temperatures.

res of the three reactants used to make ABS are shown below.

Butadiene Styrene
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s) can combust in oxygen (Oz). Formulate a balanced equation for the
of butadiene by adding coefficients below.

3*[2 |0, ~[? ~|COx+[2 +H0



D Question 2g (3 marks)

Oxygen molecules are formed by a double covalent bond. Draw a diagram below showing the
arrangement of the outer electrons of an oxygen molecule
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Question 3 (19 marks)

Our climate is changing as more carbon dioxide (CO.) is being released into the atmosphere. As
CO. enters ocean water, it forms carbonic acid. One of the consequences of this process is
ocean acidification. Ocean acidification happens when the pH of ocean water drops below its
normal value of 8.1.

Marmal pH of ocean water

Acidic Alkaline
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Acidification

Ocean acidification will have an impact on biodiversity. Shellfish such as sea snails in the water
rely on calcium carbonate (CaCO5) to build their shells. As the water becomes more acidic, their
shells react with the carbonic acid and become thinner and more brittle.




Ocean acidification will have an impact on biodiversity. Shellfish such as sea snails in the water
rely on calcium carbonate (CaCO3) to build their shells. As the water becomes more acidic, their
shells react with the carbonic acid and become thinner and more brittle.
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A student planned an experiment to model the effect of increasing acidity of ocean water on
shellfish. They used hydrochloric acid (HCI) to increase the acidity of samples of ocean water
and studied the change in mass of a shell immersed in the water.

The animation below shows how the student set up their experiment:




2 ]’-hu animation below shows how the student set up their experiment:

Ocean water




The animation below shows how the student set up their experiment:

Step 2




The animation below shows how the student set up their experiment:
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~ The animation below shows how the student set up their experiment:




The animation below shows how the student set up their experiment:




below shows how the student set up their experiment:




The animation below shows how the student set up their experiment:

e 5 After 24 hours




zard symbol on the bottle of HCI.













Variable 2 and equipment
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Question 3f (5 marks)

Plot the data from the student's experiment on the graph provided. You should also add a title to
the graph and scales to the x axis and y axis.







Question 3h (1 mark)

on the validity of the model to
he effects of increasing acidity

Suggest what additional step the student
could have taken before weighing the
shells in step 5 that would improve the
accuracy of the measurement.




_ D Question 4 (22 marks) k3

Ocean acidification affects calcium carbonate (CaCO;) not only in shells, but also in coral reefs.

. Question 4a (1 mark)

The Great Bammer Reef is the world’s largest coral reef off the coast of Australia. Ocean
acidification is impacting the Great Barrier Reef ecosystem.




D Question 4a (1 mark)

The Great Barrier Reef is the world's largest coral reef off the coast of Australia. Ocean
acidification is impacting the Great Barrier Reef ecosystem.
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percentage change in dissolved CO; concentration between 2000 and
your answer to the nearest whole number. Percentage change can be

final value — initial value
initial value




TN

ecosystems which are highly sensitive to climate change.

es to model the effect of increased water temperature on the damage to coral
 a piece of chalk made from CaCOj; to represent the coral. They measure the
e chalk to react completely in acidic ocean water at different temperatures.




ent the student needs to conduct their investigation is shown below:

i

n = figation described in Pm't{“LTm student is A
answer, you should include:



s investigation described in part (c). The student is provided with standard
t. In your answer, you should include:

dent, dependent and control variables
bles will be manipulated to collect sufficient data
method used to take measurements




D Question 5a (3 marks)

The student grew five tomato seeds in different pots. To the first pot of soil, they added 250g of
coffee grounds, to the second 400g, to the third 500g, to the fourth 750g and to the fifth 1000g.

After three months, the student picked a ripe tomato from each plant and juiced it to measure
the volume of juice.

The measurements obtained are shown below:
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coffee grounds
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Its in a table.
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ﬁe reliability of the data in part (a) could be increased.




The videc below shows information about the use and applications of the Global Positioning
System (GPS) and our reliance on this technology.

GPS, or the Global Positioning System, is a network of satellites and GPS-enabled devices
used to determine locations on Earth. The use of GPS technology has changed the way we
communicate and live.

With a GPS-enabled device, users can quickly determine their precise location, speed and

the GPS was set up to help the US military to carry out their missions in a secure
But now, GPS data has many uses in everyday life too, for example in cell phones,
excavators and airplanes. It can be used to help find lost possessions or to

r friends where you are.

GPS data is used to locate cars or other vehicles and is also used by cell phones to assist



he Global Positioning System, is a network of satellites and GPS-enabled devices
stermine locations on Earth. The use of GPS technology has changed the way we
e and live.

device, users can quickly determine their precise location, speed and

/, the &Smaetuptchelp the US military to carry out their missions in a secure

r. But now, GPS data has many uses in everyday life too, for example in cell phones,
=5 excavators and airplanes. It can be used to help find lost possessions or to

ds where you are.

=d to locate cars or other vehicles and is also used by cell phones to assist
g and locating unfamiliar places.



PS was set up to help the US military to carry out their missions in a secure
ut 1 GPS data has many uses in everyday life too, for example in cell phones,
s excavators and airplanes. It can be used to help find lost possessions or to
s where you are.
.. Fdh locate cars or other vehicles and is also used by cell phones to assist
g and locating unfamiliar places.
 data increases efficiency in different areas such as agriculture, construction,
ed to keep track of the elderly, children and pets and also criminals. Itcan
e lost or stolen property. Vi

I A






u Question 6b (2 marks)

Radio waves are low-energy electromagnetic waves used for long-distance communication.
GPS-enabled devices use radio waves to determine location. Signals from multiple satellites are
needed to determine an accurate location,

e

Radio waves travel at the speed of light, 3 x 10% ms™'. The distance from the satellites to the
GPS-enabled device can be calculated using the speed of the waves and the time the signal

takes to reach the device.

distance = speed x time

Diagram not to scale

GPS satellite







he distance between the satellite and the GPS-enabled device in the car if the time
ive the signal is 0.09 s. You should give your answer in km.




Digital mapping apps such as Google Maps or Waze are used for searching locations and to
show distances, routes and arrival times.
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Question 6d (3 marks)

A e e ey S

Many people are installing GPS tracking devices in their cars and motorcycles. These tracking

devices monitor the vehicle 24 hours a day. Tracking technalogies have implications for a user’s
privacy.
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Discuss how this tracking technology could affect a user's privacy
|



‘gmaum:-

GPS devices can be also used for animal tracking. Biclogists, researchers and wildlife experts
use GPS to support conservation efforts. One such GPS-enabled device is the tracking collar
shown on the images below. With this tracking collar, movements, behaviours and migratory
patterns can Be observed.







Question 7 (13 marks) i

GPS has changed how the world works today. It can be applied in almost all areas of industry,
for example by modern fishing companies. Commercial fishing uses GPS data to navigate to
fishing locations and data from other devices to map the migration of fish. GPS equipment also
captures data about temperature and chlorophyll distribution to help locate fishing zones.
However, many local fishermen are still using traditional methods of locating fish.







ovided and knowledge from your MYP studies, discuss and evalua
chnology on commercial fishing. In your answer, you should include:




