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Resources

Video eLesson  Nanocoating  (eles-4185)  

 Self-cleaning clothes that repel water and dirt are no longer a science-fi ction 
fantasy, but a reality. This material has been created using a process known as 
nanocoating. 

 Watch this video to observe what happens when water is dropped on the self- 
learning material. 

    9.1   Overview 
 Numerous  videos  and  interactivities  are embedded just where you need them, at the point of learning, in your 
learnON title at   www.jacplus.com.au  . They will help you to learn the content and concepts covered in this topic. 

  9.1.1  Introduction 
 The future of science has never been so 
exciting. From invisibility cloaks to the 
search for extraterrestrial intelligence and 
a Facebook for genes, the possibilities 
of what science can do is endless. At the 
recent Technology Horizons Program 
conference on the ‘Future of Science’ 
these were just a few of the topics that 
were discussed. More than a dozen 
scientists from top American universities 
such as University of California Berkeley 
and Stanford University, along with 
many researchers from the private sector 
came together to share the latest and 
edgiest trends emerging in science today. 

 As technological and scientifi c knowledge and understanding increases, the way that science is done 
is changing in unimaginable ways. Once the domain of academic researchers, now large organisations, 
communities and even individuals are becoming involved in the scientifi c process, opening up doors for new 
materials, services and products. Basically, whoever has passion, drive and motivation will thrive in this new 
area of science, resulting in a multitude of new opportunities and improvements to the quality of life as well 
as a deeper understanding of our universe and our engagement in it. These developments emerge from a new 
playing fi eld in science that shifts the focus to openness, collaboration and increased citizen engagement, 
making science a more social phenomenon. 

 Take a look at  fi gure  9.1   as an example. What do the spheres look like? Believe it or not, this image is just one 
of the innovative applications in science that are becoming commonplace. The green background is a synthetic 
surface that is self-cleaning. The crystal-like balls are spheres of water droplets. The water droplets help the 
material to self-clean by adhering to the dirt particles on the material. As the water rolls off under the infl uence 
of gravity, it takes the dirt with it, keeping the material clean. Can you think of some examples where this 
technology might be useful?  

  FIGURE 9.1    Water droplets on a self-cleaning material  
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Moving towards immortality

Currently, the maximum human 
lifespan lies at about 115 years. In 
the world today, it is estimated that 
between 150 and 600 living people 
qualify as being supercentenarians 
(they have reached the age of 
110). In the future, humans may 
be able to live past this. What are 
some ways to extend our lifespan?

Beyond following a balanced diet, 
getting plenty of sleep, including 
exercise into your lifestyle, avoiding 
being involved in an accident and eliminating stress, genetics plays a key role in deciding how long you live. The 
rest is up to science. Rather than using drugs or surgery to treat a patient, in the future, doctors might insert a gene or 
genes into a patient’s cells. 

Still in its infancy, gene therapy is an experimental technique that uses genes to treat or prevent disease. At 
present, this therapy is being used to treat conditions that do not have viable cures because it is risky and not 
considered safe. Researchers are testing several approaches to gene therapy, including:
 • replacing a mutated gene with a copy of a healthy gene
 • inactivating, or ‘knocking out’, a mutated gene that is not functioning properly
 • introducing a new gene into the body to help fi ght a disease.

We also have the power to replace body parts with natural organs, mechanical organs or tissues derived from 
stem cells. An artifi cial heart or transplant of a real heart is able to add at least fi ve years of extra life for people 
who need them. What about memory, athletic prowess and appetite? 

A large range of technologies affect our ability to change not just life expectancy, but also everyday life.

  9.1.2  Think about science quests  

  9.1.3  Science inquiry   

1.      Do we see any devices today that were predicted in movies in the past even though they had not yet been 
invented? 

2.      What do you think nanotechnology is and what is it used for? 
3.    Could artifi cial intelligence replace jobs in the medical fi eld in the future? 
4.      What is the relationship between the Incredible Hulk, nanotechnology and gamma radiation? 
5.      What sorts of spiders might be crawling inside your body in the future? 
6.      Do you have music in your genes? 
7.      How can killer tomatoes protect you from disease?   

FIGURE 9.2  What advancements might help extend life expectancy?

gene therapy    technique that 
uses the modifi cation of genes to 
treat or prevent disease

gene    segment of a DNA molecule 
with a coded set of instructions in 
its base sequence for a specifi c 
protein product; when expressed, 
may determine the characteristics 
of an organism

mutated gene   the gene with an 
altered genetic sequence

stem cells    special cells that 
are able to develop into many 
different cell types
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Resources

eWorkbooks Topic 9 eWorkbook (ewbk-5059)
Student learning matrix (ewbk-5063)
Starter activity (ewbk-5061)

Practical investigation eLogbook Topic 9 Practical investigation eLogbook (elog-0615)

Access and answer an online Pre-test and receive immediate  corrective  
feedback and fully worked solutions for all questions.

elog-0617
INVESTIGATION 9.1

Life in 2050

Aim

To research potential future technologies and write a story about their implications

Method

 1. Research and make notes on how current scientific research may affect life in 2050. Consider the following 
questions.

 • What future technologies and applications will change our lives?
 • How far might our life spans be extended?
 • Will we all become disease-free?
 • Will some people be more entitled to medical services than others?
 • How much of our bodies will remain organic and how much integration with computers and other synthetic 

materials can occur before we are no longer considered human?
 2. Drawing on your research and notes from considering the questions, complete the following tasks:
 a. Creatively weave your findings into a science fiction story about life in 2050.
 b. Design a cover page for your story.
 c. Put together some promotional material for your story and include this on the back cover of your book.
 d. Share your story with your class.

Results

Create a science fiction story about life in 2050, including a cover page and promotional material for your story.

Discussion

 1. Outline any improvements you would make to your story or covers.
 2. Explain how different your story would be if it was about life on Earth in 2200.

Conclusion

Summarise your findings about possible future technologies and their implications.
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9.2  Endless possibilities

9.2.1 Creative science
Faster? Stronger? More powerful? First introduced in the 1960s, the concept of bionic bodies and parts 
continues to captivate the human imagination. From the bumbling Inspector Gadget to the strong and 
resourceful Iron Man and the lighter and brighter Ant-Man (who was able to survive the journey into the 
Quantum Realm), the idea of using technology to build a ‘better and stronger human being’ has resulted in 
continuous technological advances — and not only for fictional characters.

A clever scientist realises that science is not just about thinking critically and with clarity, accuracy and detail. 
It is also about thinking flexibly and creatively, with an open mind. Reading, writing or watching science 
fiction can help unlock your mind’s doors to take a step outside reality. Science fiction can take you to another 
universe where anything is possible, providing you with the opportunity to imagine endless creations. 

a. b.

FIGURE 9.3  a. Iron Man and b. Ant-Man use technological advances to enhance their abilities. 

LEARNING INTENTION

At the end of this subtopic you will be able to provide examples of how science fiction merges with science to 
predict new technologies and products, and outline the amazing scientific and technological advances that are 
emerging in the areas of medicine, engineering and agriculture.

CASE STUDY: Science fiction in books coming to life

Throughout history, many authors have penned literary works that explore the ‘what if?’ of the future, and how 
humans might use science to manipulate forces of natures. Authors such as Aldous Huxley (1894–1963) and 
Arthur C. Clarke (1917–2008) have had a considerable effect on scientific thinking by taking others on a journey 
beyond their wildest dreams.

Isaac Asimov was one such author, and is acknowledged as the father of robotics. His story Evidence (written in 
1946) suggests that a well-programmed robot could not only look human but, if programmed with the Three Laws 
of Robotics, also be more ethical than many politicians. In Evidence Asimov writes:

By using human ova and hormone control, one can grow human flesh and skin over a skeleton of porous 
silicone plastics … The eyes, the hair, the skin, would be really human, not humanoid … if you put a 
positronic brain and such other gadgets … inside, you have a humanoid robot.

In The Bicentennial Man, another title written by Asimov, the exploration of ethical issues in relation to robotics is 
explored, touching on the responsibilities humans have for their creations.

Numerous other stories, such as The Minority Report (1956) by Philip K. Dick, War with the Robots (1962) by 
Harry Harrison, Jurassic Park (1990) by Michael Crichton and even Frankenstein (1818) by Mary Shelley, explore 
the consequences and the rewards of using technology to alter our reality and the world we know.
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9.2.2 Science and superheroes: can we create real superpowers?
Some people are fascinated by robots. For a variety of reasons, however, some people also fear them. Will the 
inclusion of friendly robots such as R2-D2 and WALL-E (shown in figure 9.4) within our culture bring about a 
greater acceptance of robots in the future? 

Can machines think?
Less than a decade after breaking the Nazi encryption machine Enigma and helping the Allied Forces win World 
War II, mathematician Alan Turing changed history a second time with a simple question: ‘Can machines think?’

A growing area of computer science is artificial intelligence 
(AI). This booming industry is concentrated on building 
robots and smart machines capable of performing tasks 
that typically require human intelligence. Machine learning 
(ML) is the study of computer algorithms that improve 
automatically through experience. Normally, humans get 
better at tasks through practice and experience.

Similarly, machines use statistics and computer science 
to enable a computer to learn how to do a particular task 
without being programmed to do so. These computers use 
experience to learn tasks. Getting a computer to tell the 
difference between a cup and a plate, for example, might 
involve this process:

 • The machine is fed countless images of both. As a 
computer programmed to learn, it will then seek out 
patterns in the objects it ‘sees’. In this sense, the experiences the computer has with the cups and plates 
allow it to distinguish between the two and eventually recognise them in future encounters.

 • On its own, the machine analyses the features of both objects and learns that cups are taller and plates are 
wider, representing these differences with numerical values and organising them in space.

 • The machine analyses this data on its own and develops its own algorithm to automatically fit the object 
so it can recognise it.

 • While mistakes occur in the learning process, with repeated exposure the computer receives more 
data, allowing it to identify minute differences between the two objects. This enables it to build greater 
accuracy in recognising them.

This technology is already in use on our devices every time we apply a filter to sort 
our emails or convert speech into text on our mobile phones. It is also used whenever 
viewing recommendations pop up on our screens when shopping online or when 
logging into streaming services such as Netflix (shown in figure 9.5).

FIGURE 9.4  Do images of robots in the movies influence how comfortable we feel about the idea of them in 
the real world?

FIGURE 9.5  Based on what you watch, 
an algorithm on Netflix leads to the 
recommendation of targetted movies and 
shows, seen as ‘Top Picks for You’.

artificial intelligence    
technologies that are able to 
perform tasks that usually require 
human intelligence
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9.2.3 New worlds

Genetically modified crops
Genetically modified (GM) crops are plants that have had their DNA modified using 
genetic engineering methods. They are a type of genetically modified organism (GMO).

DISCUSSION

What are the rules for the modern robot? Security, safety and gender are considered the big concerns. As robots 
will be entering homes and workplaces, strict guidelines are hugely important. Discuss this with your team and 
construct a robot rule book.

Resources

Weblink Is AI humankind’s last invention?

genetically modified organism    
any organism that has had their 
genome altered in some way

Particle gun method

Particles coated
with DNA encoding
desired genes

Particle gun

Bombardment of
plant pieces with
particles

DNA transferred
to plant cells

Chromosomes with
integrated DNA
encoding desired genes

NucleusPlant cell

DNA transferred
to plant cells

Cocultivation of
Agrobacterium with
plant species

Ti plasmid carrying
desired genes

Agrobacterium
tumefaciens

Agrobacterium method

Shoot regeneration Plant with new trait

FIGURE 9.6  Making genetically modified plants

Jacaranda Science Quest 10 Victorian Curriculum Second Edition

UNCORRECTED PAGE PROOFS



 In the majority of cases, scientists aim to introduce a new trait into the plant that does not naturally occur in 
the species. Many foods are now genetically modifi ed, such as canola, soybean, and corn. The majority of 
GMO foods on the market are either tolerant to herbicides and viruses or are insect repellent. These features 
are favourable because they may reduce the amount of potentially harmful chemicals used during the crop’s 
growth and can result in higher yields.  

 Transplants and genetic engineering 
 In Australia in 2019, around 1500 organ 
transplant procedures occurred. Most of these 
were kidney transplants. In the United States, 
over 35 000 organ transplants were performed. 
While this seems like a huge number, over 
100 000 are waiting for donations in the 
United States alone, with 20 people dying 
per day while waiting for an organ to become 
available. 

 The majority of transplants occurring around 
the world are for kidneys, lungs, the liver, 
the heart and the pancreas. These organs 
are in high demand and shortages exist 
around the world. Biotech companies such as 
eGenesis, which is located at Massachusetts 
Institute of Technology (MIT) and has the 
motto ‘Engineering Hope’, are quickly 
becoming important. In these facilities, 
scientists are researching gene editing 
technology to develop safe and effective human transplantable organs, tissues and cells. A   xenotransplant 
 involves the transplant of these organs between species.  

 Tissues that make up organs may also be derived from   stem cells  . An organ from 
a living donor lasts an average of 12 to 20 years, whereas a kidney from a deceased 
donor lasts around 8 to 12 years. Stem cells allow for a greater longevity to be 
achieved. In general, about 75 per cent of people who undergo a liver transplant live 
for at least fi ve years. 

Conventional apple Arctic® nonbrowning apple

FIGURE 9.7  The Arctic apple (which recently arrived on American shelves) is juicier than a conventional 
apple and resists browning when cut, protecting its fl avour and nutritional value.

DISCUSSION

Would you eat genetically modifi ed food? Research published arguments for and against this issue. After reading 
the different views, decide on your viewpoint and present your arguments in a class debate on the issue.

Marrow

Pancreas

Heart

Skin

Lungs

Liver

Kidneys

  FIGURE 9.8    Some of the most common organs in transplant  

xenotransplant    a process in 
which organs for transplantation 
are taken from animals other than 
humans

Jacaranda Science Quest 10 Victorian Curriculum Second Edition

UNCORRECTED PAGE PROOFS



A common organ transplant is for heart valves. Currently, 
two options are available for replacing this: a mechanical 
valve (as shown in figure 9.9) or one made of biological 
tissue. Both have their pros and cons. Mechanical valves 
last a lifetime but they come with an increased risk of 
blood clots, requiring their patients to take blood thinners 
to combat this. On the other hand, biological valves made 
from human, pig or cow tissue need to be replaced every 
10 to 15 years, requiring patients to undergo further 
transplants in the future.

At eGenesis and other biotech companies, research is 
being conducted into moving beyond this to successfully 
transplanting kidneys, hearts and livers from pigs into 
humans. Pigs have been touted as the most appropriate 
donor because their organs are of similar size to ours. The main challengs are organ rejection by the recipient 
and the increased risk of animal-to-human disease transmission.

Genetically engineered pigs may one day be used to grow human-compatible organs that can be harvested 
and transplanted into the people who need them. In 2019, eGenesis successfully completed a $100 million 
financing deal led by Fresenius Medical Care Ventures (FMCV). The financing will be used to accelerate the 
company’s xenotransplant research to help curb the organ shortage around the world.

Revivicor, a biotech company started by the same company that brought Dolly the cloned sheep to the world, 
is also working in this area. The company is breeding pigs that have some genetic similarities to humans. 
Obviously, many ethical considerations need to be taken into account with this process. The scientists call them 
GalSafe pigs, and they have added five human genes to the pigs’ livers, kidneys and hearts. The hope is that 
the organs can be harvested and used for transplants, without their human recipients’ bodies rejecting them.

Other options are also being studied. Researchers in South Korea are hoping to successfully transplant 
pig corneas into the eyes of humans by 2021. A group of scientists in the United States is also working 
on ‘blankets’ of pig skin that can be used to temporarily protect the skin of burn victims as they wait for 
skin grafts.

Blood transfusions
Xenotransfusion is another medical marvel. In this case, the 
process involves transfusing the blood of human-compatible 
animals such as pigs into humans. In 2001, Hemopure, 
an oxygen-carrying compound derived from the blood of 
cows, was approved by the UN for use in South Africa to 
treat acute anaemia and address blood loss during surgery. 
The World Health Organization estimates that one in five 
South African adults are infected with HIV, and maintains 
this treatment is useful in South Africa’s rural areas where 
safe blood is in short supply. Hemopure is still used for this 
purpose today in South Africa, and continues to be explored 
for its theurapeutic use.

FIGURE 9.9  Artificial heart values

Resources

Weblinks Facts and statistics on transplants in Australia

Organ donation in the United States

xenotransfusion    a process in 
which other animals are used for 
blood transfusions for humans

FIGURE 9.10  Hemopure can be used as an 
alternative to blood transfusion.
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Platelet rich plasma therapy
Platelet rich plasma (PRP) therapy is all the rage in 
the cosmetology and plastic surgery industry, where 
facial rejuvenation and antiaging is often a focus. PRP 
therapy successfully treats balding in men and thinning 
hair in females, while also erasing fine lines and wrinkles 
and removing scars. First used in 1987 during cardiac 
surgery, it has also since been used to successfully treat 
certain musculoskeletal conditions, sporting injuries and 
arthritic joints. This includes treatment of injured tendons, 
ligaments, muscles and joints.

The therapy works through using the patient’s own blood. 
Blood contains powerful growth factors and stem cells 
that, when injected into the injured site, stimulate and 
improve blood flow to the area. This provides the site 
with the nutrients it needs for cells to regenerate and 
repair the damaged tissue. The process is also used in 
chest and lung therapy and spinal fusion surgery with 
excellent outcomes. As shown in figure 9.11, a syringe is 
filled with platelet rich plasma which is then injected into 
the knee to help rebuild cartilage and manage pain due to 
conditions such as osteoarthritis.

The process is considered safe with minimal side 
effects because it uses the patient’s own blood. 
Basically, a small amount of blood is removed from 
the patient, before the platelet rich plasma (liquid gold) 
is separated from the other components. It is then 
injected into injured sites, activating the body’s natural 
healing response to promote accelerated healing (see 
figure 9.12).

Enhancing athletic ability
What is the difference between winning a gold medal and a silver one, or between ranking first and ranking 
second? In many cases, enhancing the performance of an elite athlete by just 0.5 per cent is the difference 
between being a world champion or not. Athletes and their trainers have many tools at their disposal. One 
is hypoxic training, which involves sleeping and training intermittently in low oxygen levels, forcing the 
cardiorespiratory system to work harder than normal, a skill which is useful for 
athletes involved in endurance sports. During hypoxic training, athletes spend long 
days training and sleeping in special facilities. Some chose to train at a high-
altitude training centre, while others do this in special oxygen tents at sea level. The 
end goal is to increase haemoglobin levels in the blood and improve the transport 
of oxygen around the body.

Another method to enhance athletic ability involves techniques that assist with 
shortening recovery times following a long, tough training session or match. This 
means the time it takes for the athlete to return to maximum strength is reduced. 
One such technique is cryotherapy. Famous athletes such as Cristiano Ronaldo 
and Rafael Nadal routinely undergo two- to three-minute whole-body cryotherapy 
sessions in a cryotherapy machine. 

FIGURE 9.11  Injections of PRP can help 
rebuild cartilage.

Blood
collection

Separation of
platelets in
centrifuge

Platelet
rich

plasma

Platelet
poor

plasma

Red
blood
cells

PRP injection
into the affected

area

1 2

3 4

FIGURE 9.12  The PRP procedure

platelet rich plasma    blood 
plasma which is rich in a patient’s 
own platelets that can be used to 
treat injuries and in cosmetology

cosmetology    the study and 
application of beauty treatment

hypoxic    a condition in which 
oxygen levels are reduced

cryotherapy    a form of cold 
therapy which exposes the body 
to extremely low temperatures for 
up to three minutes to promote 
healing at the cellular level
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These special walk-in chambers emit liquid nitrogen into the air to reach temperatures as low as –160 °C. 
The purpose of this treatment is to treat inflammation and bruising and to accelerate muscle recovery. At 
cold temperatures, blood vessels constrict, through vasoconstriction, reducing the flow of blood to affected 
areas, and so reducing inflammation around soft tissue injuries before they get worse. The exposure to cold 
temperatures also helps athletes relax through the release of adrenaline, reduces sensations of pain and 
gives them a natural high.

9.2.4 Cyberpunk
Films such as Blade Runner, Alita: Battle Angel, Ready Player One 
and the Matrix trilogy provide examples of cyberpunk. This form of 
science fiction is a blend of cybernetics and punk.

The term became widespread in the 1980s, especially to describe 
novels from authors such as William Gibson and Bruce Sterling. 
Cyberpunk often explores possible near-futures of Earth that resemble 
dystopia rather than utopia.

Many cyberpunk stories present a conflict between individuals, 
artificial intelligence and big corporations. The main characters in 
these stories are often alienated loners, living on the edge of their 
society. Their lives are usually ravaged by the negative effects of 
advanced technology, with even their own bodies often having 
undergone some form of invasive modification. In these possible 
futures, the advanced technology may be blended with a loss of 
social order, control and morality.

FIGURE 9.13  High-altitude training is often adopted 
by athletes to enhance athletic ability.

FIGURE 9.14  Cryotherapy machines emit liquid 
nitrogen.

FIGURE 9.15  Robots and artificial 
intelligence are often involved in 
cyberpunk.

vasoconstriction    narrowing or 
constriction of the blood vessels

cybernetics    the science of 
communications and automatic 
control systems in both machines 
and living things

ACTIVITY: Researching medical technologies and innovations

Research one of the technologies or innovations explored in section 9.2.3. Create a poster of this innovation, 
outlining your research and the pros and cons of the technology.
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Over the last few years, offshoots of the cyberpunk genre have resulted in the birth of related genres such 
as biopunk, steampunk and postcyberpunk. A heartening aspect of postcyberpunk is characters who act to 
improve social conditions or at least try to prevent their further decay. Will your creative science fiction writing 
produce another science fiction genre? Will cyberpunk inspire future scientists to develop new and exciting 
technologies?

9.2.5 The science of movies
Many early science fiction stories are being adapted into movies, while new science fiction stories continue 
to inspire and set synapses firing. Some science fiction movies explore DNA and genetic engineering (for 
example, Gattaca, Jurassic Park and X-Men). Other movies take us on journeys through time and space (for 
example, Star Trek, The Matrix and The Time Machine). The issues and chaos of disease are expressed in 
Outbreak, Contagion and The Andromeda Strain, and the potential dangers of robotics are woven into movies 
such as I, Robot and 2001: A Space Odyssey.

Movies such as Contagion and Outbreak seemed to parallel real life during the COVID-19 pandemic, when 
a mutated strain of the SARS virus first appeared in Wuhan, China, in December 2019. Indeed, the Contagion 
scriptwriter, Scott Z. Burns, conducted months of in-depth research into the science of pandemics, hiring 
a team of epidemiologists to help develop a realistic plot and train the actors to take on the roles of health 
officials, doctors and scientists. Just like in real-life, health authorities in the movie needed to work together 
to determine how contagious the virus was, whether people without symptoms could infect others and who 
exactly was susceptible.

Examining COVID-19, the disease quickly spread throughout the world, resulting in many fatalities, a shortage 
of medical and food supplies (and even toilet paper), and the lockdown of many economies around the world. 
These changes threw the world into a deep recession, with high levels of unemployment, stock market crashes 
and the shutdown of entire industries.

By the end of August 2020, almost 25 million people worldwide were known to 
be infected, with more than 800 000 deaths. The United States of America, Brazil, 
Mexico, India, Spain, Italy, France and the United Kingdom had the greatest number 
of recorded fatalities as of this date. The parallels between this reality and the fiction 
of movies shows the depth of research conducted for the science involved, allowing 
for this deep connection between the two. 

ACTIVITY: Writing a short cyberpunk story

Write a short story that leads on from the following: I woke up at 2.30 in the afternoon in a hospital bed. Two 
things were different. My skin had been peeled off my left arm, exposing electronic circuitry, and my right foot 
was missing.

b.a.

FIGURE 9.16  Science fiction movies help inspire future technologies a. I, Robot and b. The Matrix

pandemic    a widespread outbreak 
of a disease that affects multiple 
countries in different regions 
globally
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ACTIVITY: Watching science fiction films

Watch a science fiction movie of your choice. Options include Gattaca, X-Men, Star Trek, The Time Machine, 
Outbreak, I, Robot, Frankenstein and 20 000 Leagues Under the Sea.
 a. Construct a mind map to summarise what the movie was about.
 b. Construct a PMI chart in which the ‘P’ lists the accurate science in the movie and the ‘M’ lists the inaccurate, 

false or misleading science. Under ‘I’, list things that you found interesting or inspirational about the movie.
 c. Share your PMI chart with others, adding any new ideas that you agree with to your chart.
 d. Suggest changes that you would include if you were to remake the movie.

Resources

eWorkbook Inventions and innovations (ewbk-5064)

Video eLesson Faster computing (eles-1077)

Additional automatically marked question sets

Remember and understand

 1. Will computers become more intelligent than human beings? State whether you agree or disagree and 
 provide two implications this may have.

 2. Explain what artificial intelligence is.
 3. Suggest three fears that people may have about future robots, computers, chemicals or genetically 

engineered organisms.

Apply and analyse

 4. Two students observed the figure shown. One student suggested that 
the red sphere  indicated a mutation in the DNA sequence of a gene; 
the other student, however, dis agreed. Which student do you think is 
 correct? Justify your response.

 5. Nature never appeals to intelligence until habit and instinct are useless. 
There is no intelligence where there is no change and no need of 
change. Discuss what you think H. G. Wells meant by this in his novel 
The Time Machine.

 6. Explain how important you think science  fiction is in addressing issues 
that may affect  humanity in the future. Describe how it may help us 
deal with the ethical dilemmas we may face with increasing progress in 
biotechnology, genetic modification and computing.

9.2 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go to 
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1
Questions
2, 3

LEVEL 2
Questions
1, 4, 6

LEVEL 3
Questions
5, 7, 8
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9.3  From superheroes to super science

9.3.1 Super science
What science can be identified in the stories of 
superheroes? Where do the ideas of superpowers 
come from? Where do scientists get ideas and 
inspiration for new technologies and products?

How farfetched is the idea that radiation could 
mutate human DNA to give humans altered 
abilities? Does this serve any purpose for the future 
of science and technological advancement? Elon 
Musk dreams of creating a million-person city on 
Mars but first he needs to find humans who are 
resistant to radiation.

9.3.2 Superman
Superman (the character shown in figure 9.18) was created in 1938 by Jerry Siegel and Joe Shuster. The story 
starts with Superman being sent as a baby from his home planet, Krypton, by his parents because his planet is 
about to explode. It makes sense that he was sent to Earth because the lower gravity and high energy from our 
sun gives him an increased chance of surviving. The gravity difference between Earth and Krypton contributes 
to some of his superpowers. Superman’s energy is thought to come from the Sun. The creators may have taken 

Resources

Weblink Elon Musk’s plans to colonise Mars

FIGURE 9.17  Are superpowers such as those of 
Storm in X-Men possible for humans to possess? 
How might science allow for these powers to be 
achieved?

LEARNING INTENTION

At the end of this subtopic you will be able to explain the role that superheroes have in helping researchers reach 
the limits of human potential using innovative approaches.

Evaluate and create

 7.  SIS  Imagine that you have created a new gene. Its modified DNA sequence codes for a feature that humans 
do not currently possess. Use the internet and your own imagination to address the following.

 a. Describe the new feature that this gene codes for.
 b. Is the gene going to be inserted into any cell that is not a sex cell or into the sex cells? Explain why.
 c. Outline three reasons for the creation of this new gene.
 d. Describe how this gene is going to be inserted.
 e. Who will have access to this gene technology? Explain why.
 f. Write a science fiction story that includes your responses to parts (a)–(e).
 8. Comment on the social implications of science fiction movies and novels. What are four of the most 

important social considerations? Provide examples of each of these. 

Fully worked solutions and sample responses are available on your digital formats.
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this idea from the way in which plants use light energy in their 
process of photosynthesis. If this were the case, did Superman’s 
cells use the light energy to trigger some kind of nuclear reaction 
(like cold fusion), or did he have some way of storing the 
massive amount of energy that he would have required for all of 
his super-activities? When Superman is exposed to kryptonite, 
some of his symptoms are similar to radiation sickness; does 
that mean that kryptonite is radioactive? Where would kryptonite 
fit into our periodic table? Would it fit among the very heavy 
elements?

9.3.3 The Incredible Hulk
In The Incredible Hulk, Dr Bruce Banner, a nuclear scientist, 
is accidently exposed to gamma rays and becames a giant 
with tremendous strength and green skin. The explanations 
behind how his transformation occurs vary. In a recent movie 
version, his father had modified DNA in his germline cells, 
which he then passed to Bruce. When Bruce’s experiments 
in nanotechnology led to his exposure to a massive dose of 
gamma radiation, the radiation acted as a catalyst to express 
the modified DNA. The incredibly fast and immense cell 
replication required for Bruce to become the Incredible Hulk 
(as shown in figure 9.19) and then somehow lose the extra mass 
to become the meek Bruce again is difficult to explain.

The character of the Incredible Hulk was created by Stan Lee 
and Jack Kirby in 1962. Science has changed a lot since the 
1960s and that has affected how Bruce Banner’s transformation 
is explained. What type of superheroes could be created using 
pioneering science that is happening now?

9.3.4 X-Men
The theory of evolution on Earth suggests that it took billions 
of years for life to evolve from single-celled organisms to the 
life that we see today. For the X-Men, however, it took only a 
couple of generations for significant mutations in hundreds of 
individuals to give them unique powers and abilities. This idea of 
a burst of mutations that radically changed some of our species 
into X-Men matches that of punctuated evolution suggested by 
Niles Eldridge and Stephen Jay Gould, rather than Darwin’s 
evolution by a slow process of gradual change.

The X-Men go by the name Homo sapiens superior rather than 
Homo sapiens, suggesting that they are a human subspecies. If 
so, they would be able to interbreed with humans and produce 
fertile offspring.

Different types of radiation are involved in the explanation 
for how the Incredible Hulk and Spider-Man gained their 
superpowers. Could radiation have been involved in the radical 
mutations that created the X-Men?

FIGURE 9.18  Many aspects of 
Superman’s story can be considered 
using science.

FIGURE 9.19  The Incredible Hulk 
was created as a result of gamma 
radiation. How might gamma radiation 
affect cells normally?

FIGURE 9.20  Can mutations lead to 
superpowers as rapidly as they do in 
the X-Men francise?

Jacaranda Science Quest 10 Victorian Curriculum Second Edition

UNCORRECTED PAGE PROOFS



9.3.5 Spider-Man
In the Spider-Man story, after being accidentally bitten by a 
radioactive spider, Peter Parker gains special powers. He has 
incredible speed, amazing strength, a knack for climbing walls, 
and (in some versions of the story) can fire sticky, silky thread 
from his wrists. Although at first it seems far-fetched that the 
venom of this spider had such an effect, think about it a little 
more. Did the radiation alter the spider’s DNA so that the venom 
produced was able to trigger mutations within the DNA in 
Peter’s cells? If these mutations were then expressed, could they 
lead to spider proteins being synthesised, resulting in particular 
characteristics that Peter did not have before?

How does Spider-Man climb up walls? Spiders are covered in tiny 
hair-like structures called setae (shown in figure 9.22). Molecular 
interactions between these and surfaces such as walls and ceilings 
enable spiders to climb easily. The claws on a spider’s feet are 
used to grip rough surfaces, while the setae are used to grip smooth 
surfaces. Peter’s webbing is an adhesive polymer that mimics spider 
silk, which has a tensile strength almost equal to steel.

The melding of Spider-Man’s superpowers can inspire scientists 
to use their imaginations and apply new thinking to fields such as 
bionics or biomimicry, using inspirations in nature to develop new 
products and technologies. Already a team of Italian scientists is 
suggesting that their latest nanotechnology discovery may unlock 
the secret to a wall-scaling Spider-Man suit.

9.3.6 Biomimicry
Biomimicry is the practice of developing new products and 
technologies that are based on replicating or imitating designs in 
nature. Millions of years of evolution has often solved problems 
in ways we can harness to create useful technologies. The most 
famous example of biomimicry is the invention of Velcro in 1941 
by George de Mestral, a Swiss engineer. He was inspired by burrs 
that stuck to his dog’s hair.

FIGURE 9.21  Spider-Man seems 
to have many superpowers that are 
similar to the everyday abilities of 
spiders.

FIGURE 9.22  Coloured scanning 
electron micrograph (SEM) of a claw 
and hairs (setae) on a spider’s foot pad 

a. b.

FIGURE 9.23  a. A close-up of a burr. The casing of the seed allows it to hitch a ride on animals and disperse.  
b. Velcro mimics the action of burrs.

biomimicry    the practice of 
developing new products and 
technologies based on replicating 
or imitating design in nature
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 Another example of biomimicry is superhydrophobicity or the   lotus effect  . The 
surfaces of lotus leaves are bumpy, causing water to bead and roll off. Scientists have 
developed a way to chemically treat the surface of plastics and metals in a similar 
way, allowing water to roll off. 

 Scientists have marvelled at the intricate patterns of   silica   within the cell walls of 
tiny single-celled algae called   diatoms  . They have also been impressed with the 
ability of diatoms to manipulate silicon at nanoscale levels (around one billionth of a 
metre), and they have genetically engineered some diatoms to manufacture working 
valves of specifi c shapes and sizes. These valves are then used in silicon-based 
nanodevices that can deliver drugs to target cells within human bodies. This is an 
example of   biosilifi cation  .  

  9.3.7  Science mimics life 
 Dr Sangbae Kim is an expert in rapid prototyping methods for 
biologically inspired robotic systems. He uses ideas of mechanisms 
used by animals, such as how they move, to create mobile robots. One 
of his robots is the Stickybot (shown in fi gure 9.25), which has foot 
pads inspired by the feet of the gecko that allow it to climb walls at a 
speed of about 1   m/s. 

 The tiny hairs (setae and spatulae) on the pads of a gecko’s feet cling to 
surfaces using a molecular interaction known as   Van der Waals forces 
  (see fi gure 9.24).  

 Van der Waals forces are a form of intermolecular attraction that occurs 
between atoms or molecules. This sort of interaction tends to be very 
weak because it is a short-range electrostatic attractive force between 
uncharged molecules, arising from the interaction of permanent or 
transient electric dipole moments (attraction between the positive and 
negative ends between molecules such as water). 

 This helps to support the gecko’s weight as it scurries up walls (in the 
same way that similar structures work for spiders). Kim has covered 
Stickybot’s feet with hairs made of silicone rubber. Later models of this 
design could be used for repairing underground oil pipelines or cleaning 
windows in multistorey buildings. 

 Another of Kim’s robots is his cockroach-inspired hexapod, iSprawl, 
which can run up to 15 body lengths per second over rough terrain  
(see fi gure 9.26). 

Resources

Video eLessons  Diatoms  (eles-4283)  

 The lotus effect  (eles-4282)  

 Velcro  (eles-4281)  

lotus effect    the repellence 
of water on the surface of 
lotus leaves; also known as 
superhydrophobicity

silica    a hard colourless mineral; 
also known as silicon dioxide

diatoms    tiny, single-celled algae

biosilifi cation    the ability 
to manipulate silicon at the 
nanoscale that involves the use of 
living cells

Van der Waals forces    very weak 
molecular interactions

b.

a.

δ‒ δ+ δ‒δ‒ δ+

  FIGURE 9.24    a. Van der Waals 
forces and b. the setae and 
spatulae of gecko’s feet  
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  ACTIVITY: Robots and biomimicry 

  Use the internet to fi nd examples of robots that have been inspired by animals. Compare your fi ndings to others 
in your class. Sketch your own robot design using biomimicry. 

elog-0619
  INVESTIGATION 9.2   

 Using biomimicry to design a car 

 Aim 

To use biomimicry to design a futuristic fl ying car

 Materials 

 • pen 
     •  paper 
     •  various items to make a model of your design (for example, plasticine and cardboard)   

 Method 

     1.  In this task you will design a futurist fl ying car by taking hints and ideas from various organisms that exist in 
nature. 

     2.  Research different aspects from the natural environment (living or non-living) and brainstorm a list of ideas 
that you think would be useful for the design of the car. 

     3.  Be sure to keep track of which features of each organism or phenomenon you are using to put together your 
design. 

     4.  If time allows, you may make a model of your car. You may not be able to use the materials you wish to use, 
but you can make a scale model using materials such as plasticine and cardboard. 

     5.  Once you have fi nished designing your new car, share the design with the class, outlining all the exciting new 
features you have included and how these will improve the functionality of your car.   

 Results 

     Draw a clear diagram of your car. Label each feature of the car and what element from nature inspired its design.   

 Discussion 

     1.  Justify the inclusion of each feature in your futuristic car. 
     2.  Explain how each of the features was inspired by nature. 

  FIGURE 9.26    A model of the iSprawl    FIGURE 9.25    Dr Sangbae Kim  
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9.3.8 Emergent technologies coming from science fiction
How has science changed from the 1960s, 1970s and 
1980s to today?

Just as movies reflect the anxieties, beliefs and values of 
the cultures that produce them, they also help to shape 
and solidify a culture’s beliefs. Embedded in these 
complex story lines are often hints about the future of 
science and technologies that are being developed.

Often times, product placement of future technologies 
give people an idea of what is to come. The Back to the 
Future movies (1985, 1989 and 1990) featured flying 
cars, ideas of time travel and Marty answering the phone 
with his glasses. Google Glass, developed in 2012, gives 
users the ability to do the same thing while also letting 
them interact with the internet through voice commands. 
Marty is also shown using a tablet given to him by Doc, which was still a prototype in 2000 and was not part 
of most people’s awareness in the 1980s. In these movies, we can also see fingerprint scanning technology 
being used to pay for things like taxis and for unlocking doors.

Images of Marty McFly riding a hoverboard (shown in figure 9.27) in 1989’s Back to The Future II were 
circulating in people’s minds well before self-balancing scooters became a reality in 2013.

The film Total Recall (1990) gave the world driverless cars. Autonomous vehicles have also been depicted in 
television shows, where sensors and software are combined to control, navigate and drive the vehicle. Self-driving 
cars are currently being tested by Tesla and Google.

In 2020, Zoox also highlighted its work in this area, publishing a video showcasing one of its retrofitted Toyota 
Highlander driverless cars driving in downtown San Francisco for one hour, performing a range of complex 
manoeuvres in heavy, multi-lane traffic on densely populated streets. These cars come with built-in perception 
systems and decision-making technology, used to identify, predict and appropriately respond to objects it 
encounters, such as construction sites and workers, pedestrians, other cars and traffic lights, similarly to how a 
‘real’ driver would respond.

 3. Looking at other designs, could you make any improvements to your car design? If so, describe these in detail.
 4. What are two features in current cars that may have been inspired by nature?
 5. How might you test the efficiency of a car if you were able to make it in reality?

Conclusion

Summarise your findings and outline how biomimicry was used to design a futuristic flying car.

FIGURE 9.27  Props from Back to the Future II, 
including the hoverboard and a pair of self-tying 
shoes. Are any of these a reality?

FIGURE 9.28  Some schematics of how driverless cars would work
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Resources

eWorkbook Science under scrutiny (ewbk-5066)

Additional automatically marked question sets

Remember and understand

 1. Suggest why going to a planet with a lower gravity might give Superman an increased chance of survival.
 2. Describe the term biomimicry.
 3. Outline three products or technologies that are based on mimicking nature.
 4. Describe the symptoms of radiation sickness and ways to treat it.
 5. What are gamma rays and why are they dangerous to living things?
 6. Describe Van der Waals forces and explain how they help geckos to climb walls.

Apply and analyse

 7. a. Explain if X-Men are a different species to non-mutant humans.  
b. Discuss the implications of this.

 8. a. Explain why the Incredible Hulk would have to have incredibly fast cell replication.  
b. Suggest where these cells go when he shrinks back to being Bruce.

 9. Research cold fusion. Describe two applications or experiments related to this.
 10. If Bruce Banner’s father’s modified DNA was in cells that were not sex cells, would it still have been passed 

on to Bruce? Explain.

Evaluate and create

 11. Is it possible for foreign DNA to make its way into the human genome? Justify your response.
 12. If spider DNA was inserted into Peter Parker’s DNA, suggest how that could result in Peter expressing spider 

characteristics. Draw a clearly labelled diagram to support your response.
 13.  SIS  Find out more about Superman’s kryptonite. Based on the information you have found, suggest where 

it would fit into the periodic table and create a fact sheet or poster outlining its properties.
 14.  SIS  Research and describe theories about gradualism versus punctuated evolution. Which do you think is 

the best theory? Justify your response.
 15.   SIS  Think of two ways you could apply biomimicry to solve real world problems. Construct a PMI (Plus 

Minus Interesting) that evaluates your suggested applications.

Fully worked solutions and sample responses are available on your digital formats.

9.3 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go to 
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1
Questions
1, 2, 3, 5, 10

LEVEL 2
Questions
4, 6, 7, 11, 13

LEVEL 3
Questions
8, 9, 12, 14, 15
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9.4  The nanoworld

9.4.1 Tiny, but packing a powerful punch
When we immerse ourselves into the world of nanotechnology, we need to learn to think very, very small. So 
small that many of nature’s laws that work in the big world no longer work in the same way! When we talk 
about nanotechnology, we need to think in nanometer (one billionth of a metre, or 0.000 000 001 m).

Although our thinking about nanotechnology needs to be small, the implications and potential applications 
of nanotechnology are enormous. In fact, they are so fantastically enormous, imagining and predicting the 
potential of what they can be is very difficult.

Nanotechnology has already enabled us to develop super-smart and super-strong materials and medicines, 
but what new technologies are yet to emerge from this technology? Will you be one of the scientists who 
contributes to the creation, development and application of technologies that are currently beyond our 
wildest dreams?

9.4.2 Nanotubes come on strong
Nanotubes are a unique class of materials because  
their properties depend on not only their composition 
but also their geometry. Factors such as their 
diameter, the number of walls they have, their 
length, the forces of attraction they experience with 
neighbouring atoms (also known as van der Waals 
forces, covered in section 9.3.7), and their quality 
all affect their properties and performance, adding to 
their uniqueness. Since nanotubes are influenced by 
their geometry, working with them is proving to be a 
major challenge. As the name suggests, nanotubes are 
tiny strands of atoms that easily bind together to form 
bundles called nanotube superfibres.

Since they are used in engineering, making larger nanotubes to make bulkier 
materials is one of the puzzles that scientists around the world are trying to 
crack. Researchers around the world are looking at ways to work with nanotube 
superfibres in different applications that will transform the future of engineering and 
technology. For example, nanotube composites are currently used in the medical and 
biotechnology industries for drug delivery, wound healing, stem cell therapy, tissue 
engineering and biosensors (see figure 9.30).

Many types of nanotubes are possible, but the ones most scientists are currently 
interested in are carbon nanotubes. Normally, pure carbon exists in different forms 
known as allotropes. Common allotropes of carbon include diamond, charcoal 
and graphite or graphene. All these substances are made solely of carbon atoms 

nanotechnology    a rapidly 
developing field that includes 
studying and investigating our 
environment at a molecular level 
(on the nanoscale) and then 
applying what we learn to a 
variety of technologies

nanometer    one billionth of a 
metre

nanotubes    cylindrical molecules 
usually made of a single layer of 
carbon atoms

LEARNING INTENTION

At the end of this subtopic you will be able to describe the nanoscale and how this affects the creation of 
nanotechnology through the development of nanotubes, nanowires and nanobots.

FIGURE 9.29  Nanotube superfibres
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but they differ from each other in the way the 
carbon atoms are arranged, and this effects the 
characteristics of the substance.

Carbon nanotubes are a more recent innovation 
in science and technology and get their name 
because they are tubes made of carbon with 
diameters typically measured in nanometers 
(remember that 1 nm = 10–9 m). Carbon 
nanotubes (also known as CNTs) are made 
up of single layers of carbon atoms, known 
as graphene, which are rolled and made into 
cylinders. Long, stretchy carbon nanotubes 
have the potential to make the concept of space 
elevators a reality. To make one, NASA would 
need nearly 231 746 kilometres of nanotubes.

Scientists at the University of Texas in 
Dallas have developed a way to make carbon 
nanotube ‘muscles’. These ribbons of tangled 
carbon nanotubes can act like artificial fibres 
in a robot, expanding and contracting to 
create movement. They are not only stretchy 
along their width, but also extremely stiff 
and strong along their length. Their ability 
to maintain these properties in temperatures 
ranging from about 196 °C to more than 
1500 °C would enable robots with these 
nanotube muscles to function in extreme 
conditions.

Stem cell therapy

Nano�bre
composite

Cancer therapy

Wound healing
Tissue engineering

Biosensors

Drug delivery

FIGURE 9.30  The uses of nanofibre and nanotube 
composites

a. b.

FIGURE 9.31  a. Carbon nanotubes b. A conceptual model of a space elevator

FIGURE 9.32  Carbon nanotube muscles
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9.4.3 Nanowires
Carbon nanotubes initially started up as hollow 
tubes. A few years later, scientists formed the 
first nanowires, which are solid on the inside. 
Different strengths are produced, depending on 
how the fibres align once the sheets are rolled up. 
This affects their chemical properties to determine 
if they behave as metals or as semiconductors. 
Since they can be single, double or multi-walled 
forms, this can affect their overall strength, further 
affecting their versatility and impacting on how 
they would be applied.

Nanowires are used in a variety of ways in the 
fields of electronics and in robotics, as in the 
case of nanorobotics. Some nanowires make 
very good conductors and semiconductors, and their miniscule size allows millions of them to easily fit as 
transistors inside a single microprocessor. Imagine how fast the simple computer could become with this sort 
of technology.

In the movie Avatar (shown in figure 9.33), the indigenous people of the planet Pandora are connected into a 
network that links all elements of the biosphere. They are in tune with all other life forms on the planet, from 
phosphorescent plants to pterodactyl-like birds.

On Earth, we have a parallel interconnected ecosystem similar to that in the movie. Some researchers 
suggest that sulfur-eating bacteria living in the muddy sediments of the sea floor are connected by a network 
of microbial nanowires. These scientists suggest that these fine protein filaments are involved in shuttling 
electrons back and forth, allowing these communities of bacteria to function as one super-organism. Lars 
Peter Nielsen of Aarhus University in Denmark and his team have discovered evidence that may support this 
controversial theory, which he calls electrical symbiosis.

Could this idea inspire the development of another type of communication technology? Will we be connected 
to each other and possibly other life forms by implanted nanoparticles or nanobots? Could we also be 
connected to the abiotic factors in our environment, being sensitive to their needs and changes? Would such 
an interconnected ecosystem where we are all in tune with each other and our biosphere help us look after our 
planet better? Will it save us from extinction?

Biosensors
Nanowires and nanotubes are used to make biosensors more sensitive in identifying the markers they are meant 
to find. When placed in living organisms, these sensors are able to detect enzymes or antibodies to help with 
diagnosis. Diabetics often use biosensors to monitor their blood glucose levels throughout the day. Similarly, 
DNA biosensors quickly and economically recognise nucleic acid sequences when testing for genetic and 
infectious diseases.

Biosensors not only have a variety of applications in the medical industry, but are 
also useful in the food industry and in quality-control processes. As an example, 
they are used to measure carbohydrates, acids and alcohols in a food product and to 
check the fermentation of particular food products such as beer and yogurt. 

FIGURE 9.33  Is the reality on the planet Pandora 
possible on Earth?

ACTIVITY: The science of Avatar

 a. Watch the movie Avatar and evaluate the accuracy or plausibility of the science within it.
 b. Discuss ideas that the movie inspires for possible scientific research.

nanowires    extremely thin wires 
on the nanoscale

abiotic factors    the non-living 
things in an ecosystem
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nanobots    miniscule sized robots 
on a nanoscale that can be used 
in medicine

When coupled with nanomaterials such as carbon nanotubes and nanowires, these biosensors become even 
more powerful. Nanosensors are more sensitive towards the substances they are looking for and detect them 
more rapidly. Their capabilities are enhanced because carbon nanotubes and nanowires help the biosensors 
develop a very high surface-area-to-volume ratio, making them invaluable tools in crime detection, drug 
development and industrial processes, and in the manufacture of pharmaceuticals and replacement organs.

9.4.4 Nanobots
Nanowires may also play an important role in nano-size devices like nanorobots. Doctors could inject nanorobots 
(or nanobots) to then easily swim around the body to targeted areas. Due to their miniscule size, they would be 
able to get into the tiniest vessels inside the body, such as the inside of the eye to deliver targeted treatments to 
very specific sites. Cancer treatments would also start to look very different from what is currently practised.

Some nanobot designs have on-board power systems, which would require structures like nanowires to 
generate and conduct power.

Researchers have also found a way to build extremely small sensors and infra-red cameras. In fact, scientists in 
Germany have created a camera so tiny it can be injected into the body through a syringe and take high-quality 
images of tissue just 3 millimeters from the lens. They were able to 3D print a three-part lens the size of a 
grain of salt, and attach it to the end of a fibre-optic cable the width of two human hairs. The researchers say 
the device could be injected into hard to reach areas to photograph tiny spaces such as the inside of an organ. 
Many surgeries and treatments would be forever changed with this sort of technology.

Nanotechnology enables us to create and use materials and devices that work at the level of molecules and 
atoms. Imagine minuscule machinery that could be injected to perform surgery on your cells — from the 
inside! These nanomachines, or nanobots, could:

 • be programmed to seek out and destroy invaders such as bacteria, protozoans or even your own 
cancerous cells

 • cruise through your bloodstream to clear plaque from your artery walls before it has a chance to build up, 
reducing the chance of heart attacks and strokes

 • be programmed to repair telomeres and prevent ageing of cells, act as antioxidants destroying dangerous 
free radicals and repair DNA mutations. Perhaps they could even stop us from growing old? Does 
nanotechnology hold the secrets of our immortality?

Resources

Video eLesson Nanobot (eles-4284)

Weblink Nanobots propel through the eye

a. b.

FIGURE 9.34  a. An example of a nanobot b. An artist’s impression of what a medical nanobot may look like
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9.4.5 Nanospiders
Let’s hope that you don’t have a fear of spiders, because one day they might be crawling through your body to 
deliver a drug directly to specific cells or kill cancerous cells. Scientists have created microscopic robots that 
look like spiders and are about 100 000 times smaller than the diameter of a human hair. These spider-bots can 
walk, turn and even create products of their own. Their body is made out of the protein streptavidin; attached 
to it are three legs of DNA and a fourth leg acting as an anchoring strand.

Remote-controlled power pistons
Scientists have built nanoscopic DNA pyramids that respond to different chemicals by changing their shape. 
They suggest that these structures could be used as motors for nanoscale robots.

9.4.6 Nanocells
Scientists have already designed artificial cells. One of these is an 
artificial red blood cell. These tiny machines carry stores of oxygen and 
carbon dioxide with sensors to detect levels of these gases. When levels 
of oxygen are low they release oxygen, and when carbon dioxide levels 
are high they absorb carbon dioxide. These artificial cells are around 
200 times more efficient than our current red blood cells; this may 
allow us to swim underwater or sprint for 15 minutes without needing 
to take a breath. If they were available and you could purchase them, 
would you use them?

INVESTIGATION 9.3

Making a spider-bot

Aim

To create a model of a nanobot using a spider-bot

Materials

LEGO blocks, including motorised pieces

Method

 1. Research the technology used to make spider-bots and nanobots move.
 2. Construct your own spider-bot robot that can move using motorised LEGO or LEGO Technic.
 3. Film your spider-bot moving.

Results

 1. Draw a clear, labelled sketch of a nanobot.
 2. Write down your observations of your spider-bot’s movement.

Discussion

 1. Explain how your spider-bot moved.
 2. Would this work in a similar way on a nanoscale?
 3. What limitations were there in your model?
 4. Outline any improvements that you might make to improve the movement in your model.
 5. Explain how you controlled the motion of your spider-bot.

Conclusion

Summarise your findings from the investigation and how you designed a spider-bot.

elog-0621

FIGURE 9.35  Nanotechnology 
probes treating red blood cells
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9.4.7 Death-delivering dendrimers
Nanoparticles around the size of 0.1–100 nm — small 
enough to pass through our cell membranes — are 
being developed to deliver drugs directly to cancer 
cells. The basic structure of such nanoparticles is 
called a dendrimer. Scientists have attached folic acid, 
methotrexate and a fluorescent dye to dendrimers. Folic 
acid is essential in cell division, and as cancer cells are 
actively dividing, they have a high demand for it. The 
folic acid in the nanoparticle acts as bait to attract the 
cancer cells. Methotrexate is a drug that kills cancer 
cells. When the cancer cells accept the nanoparticle, the 
methotrexate poisons the cell, killing it. The fluorescent 
dye allows the process to be monitored. The size of these 
dendrimers allows them to be filtered out of the blood by 
the kidneys and eventually excreted in urine.

9.4.8 Nanomusic
Do you have musical genes? Can you hear your own personal symphony of life? Researchers at Project 
Evolution have converted the language of DNA and proteins into music. The pattern in the music of 
Huntington’s disease, a triplet repeat disorder, shows up as a repeated musical theme. The tones and rhythms 
hint at the code behind the music. The building blocks of proteins (amino acids) have different tones. For 
example, hydrophilic (water-loving) amino acids have a lower note than hydrophobic (water-hating) amino acids.

9.4.9 Nanoscaffolds
Nanoscaffolds could be implanted 
into different parts of the body to 
encourage the regrowth of damaged 
tissue (as shown in figure 9.37). 
An example use of this could be to 
encourage nerve tissue to regrow optic 
nerves. Your optic nerve connects your 
eye to your brain. It can be severed 
by a traumatic injury (such as in a 
car crash) or damaged by glaucoma 
causing excessive pressure in your 
eyeball. These traumas can lead to 
vision loss. By using nanoscaffolds 
like a garden trellis, the growth of 
axons of optic nerve cells could be 
encouraged so that the communication 
gap could be bridged.

Resources

Weblinks The sounds of nanotechnology

Translating proteins to music

Making music from proteins

FIGURE 9.37  SEM pictures of nano-scaffolds

dendrimer    branched 
molecules that make up certain 
nanoparticles

FIGURE 9.36  Dendrimers floating with cells
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9.4.10 Nanofactories
What will future production factories look like? Imagine millions of tiny robots working together on an invisible, 
submicroscopic production line. They could not only assemble almost anything and do it atom by atom, but also 
be programmed to make more of themselves! If you have watched Star Trek, maybe this is the technology that 
they use to generate their clothing and food supplies. Is this yet another example of fiction becoming fact?

Smart stuff
How about wearing clothing that literally reflects your mood? Or your wallpaper or lighting changing colour 
with mood changes or programming? Intelligent fibres, interactive textiles and smart fabrics that have been 
created with nanotechnology may change colour in a flash.

What if ‘one size fits all’ really was the case? Imagine shoes that instantly changed shape to mould perfectly 
around your feet and clothing that changed texture or shape to match your environmental conditions.

Consider the effects of paint that has musical nanomachines mixed into it. After putting this paint onto your walls 
or furniture, you could then program it to produce music, tones or vibrations to suit your moods.

9.4.11 Tiny but tough
Imagine a car, train or plane made of diamond and just as strong as current models but 50 times lighter. This 
type of material was a reality in the movies in the Lord of the Rings trilogy. In the world those movies created, 
a material known as mithril had similar properties, and was lighter and stronger than usual armour.

Nanotechnology may be used to rearrange carbon atoms into 
an inexpensive workable diamond material. This may lead to 
the production of a car so light that you could pick it up and 
carry it!

The vibranium used in Marvel comics and the Marvel 
cinematic universe has a similar properly. In fact, the 
company Hyperloop Transportation Technologies has 
created their own carbon fibre material, which they have 
aptly named Vibranium. They claim this material is 
lighter and tougher than most metals. While this is not 
quite the vibranium that superheroes used, it shows how 
nanotechnology can be used to bring science fiction to life!

FIGURE 9.38  Can we make vibranium 
materials like the shield of Captain America?

ACTIVITY: Create your own TV episode

Many science fiction and fantasy stories and shows include ideas based on nanotechnology. Examples include 
the Borg in Star Trek: The Next Generation and the Replicators in Stargate: SG-1.
 a. Watch a science fiction TV show and evaluate the plausibility of the science within it.
 b. Suggest your own story for another episode in one of these shows.
 c. Use puppets or multimedia to share your story with others.

Resources

eWorkbook Killer-bot (ewbk-5070)

Video eLesson Nanofabrication centre (eles-4285)

Weblink Vibranium in the real world

Additional automatically marked question sets
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Remember and understand

 1. State how many nanometres are in one metre.
 2. Suggest why it is difficult to know what all of the potential applications of nanotechnology will be.
 3. Identify examples of other technologies with which nanotechnology is being combined.
 4. Describe possible medical applications of nanomachines or nanobots.
 5. Describe a potential application of the following.
 a. Nanoscaffolding  b. Nanowires  c. Nanotubes

 6. Provide an example of an artificially designed cell and how it could be used.

Apply and analyse

 7. If a form of electrical symbiosis (such as that seen in Avatar) or some other type of interconnectedness 
between individual life forms and the biosphere could exist on Earth, suggest implications of this for 
survival.

 8. a.  Compared with the diameter of a human hair, how big are the nanospiders developed by scientists to 
destroy cancerous cells?

 b. Describe two other possible uses for nanospiders and outline what features would allow for this.
 9. Research and describe a use for nanoscopic DNA pyramids that can be triggered to change shape by 

responding to  different chemicals.
 10. a. Describe how dendrimers can be used to kill cancerous cells.
 b. Suggest an effect that dendrimers may have on other cells in the body.

 11. Suggest why research, development and potential applications of nanotechnology may need to be 
regulated.

Evaluate and create

 12. If dendrimers used to treat diseases are excreted in urine, explain what happens to them after excretion. 
Suggest the ecological consequences that should be considered.

13. a. Describe the sorts of research being undertaken on the safety of using nanotechnology.
 b. Describe who is regulating nanotechnology and who is determining the safety of this technology. Write a 

report summarising this and describe the criteria used for determining safety.
 14. a. Suggest why the pattern in the ‘music’ of Huntington’s disease shows up as a repeated musical theme.
 b. Research another genetic disease and describe (or record) the expected pattern of the music.

 15. Nanospiders have drawn huge interest because they are able to sense their environment and react to it. 
Research online to find out how this is achieved. Report on how this process occurs.

 16. a. Research five properties of carbon nanotubes that make them a useful material.
 b. Explain three examples where carbon nanotubes are currently being used. Consider such factors as the area 

or industry they are being used in, what their function is, what property makes it useful in this application and 
how it works.

 c. Design a product that uses carbon nanotubes, outlining its potential use.

Fully worked solutions and sample responses are available on your digital formats.

9.4 Exercise 

To answer questions online and to receive immediate feedback and sample responses for every question, go to 
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1
Questions
1, 3, 4, 6, 11

LEVEL 2
Questions
2, 5, 8, 12, 15

LEVEL 3
Questions
7, 9, 10, 13, 14, 16
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9.5  Stem cells

9.5.1 Introduction to stem cells
Stem cell therapy is a real buzzword in many 
facets of our world today. What are they and 
why all the hype?

First off, stem cells are ‘blank cells’. In the 
general sense, they are blank because no 
instructions have yet been passed onto them. 
They are free to become more specialised 
once they receive the instructions needed 
to program them. While all stem cells 
are generally the same, the way they are 
cultivated and their sources are different, 
making this a controversial treatment option 
involving many differing opinions.

Types of stem cells
Stem cells can be divided into categories based on their ability to produce different cell types.

 • Totipotent stem cells can give rise to all cell types (including the placenta during embryonic 
development).

 • Pluripotent stem cells can give rise to most cell types but are not as versatile as totipotent cells.
 • Multipotent stem cells can give rise to only certain cell types (for example, various types of blood cells) 

but are more limited in what they can become.

The main sources of stem cells for therapeutic use are as follows.
 • Embryonic stem cells are collected from a human embryo that is three to five days old and are cultivated 

through a process of in-vitro fertilisation or IVF.
 • Adult stem cells (non-embryonic) are stem cells obtained from the developed organs and tissues of 

an individual (including infants and children). Since they have already been programmed to specialise 
in a particular function, they are not as flexible as embryonic stem cells and cannot differentiate into 
as many types of cells. A common example of adult stem cells is hematopoietic stem cells, which are 
found in the bone marrow. These cells make new red blood cells, white blood cells and other types of 
blood cells.

 • Induced pluripotent stem cells (iPSCs) are a more recent scientific discovery. This type of stem cell 
comes from cells in adults that have already been programmed to take on a particular function. Scientists 
are able to genetically reprogram the cells so they can behave like embryonic 
stem cells — which are in a ‘blank’ state ready to be reprogrammed into 
whatever way they are needed.

 • Cord blood and amniotic stem cells. Cord blood stem cells are harvested from 
the umbilical cord shortly after a baby is delivered. These can be temporarily 
frozen in cells banks so they can be used in the future. To date, they have been 
used to successfully treat children with blood cancers such as leukemia and 
genetic blood disorders. Amniotic stem cells come from the amniotic fluid 
surrounding a baby prior to its birth. More research is needed to better utilise 
these cells.

LEARNING INTENTION

At the end of this subtopic you will be able to distinguish between different types of stem cells and describe the 
ethical considerations around their use.

Neuron

Brain

Enterocytes
Hepatocytes

Cardiac cells

Osteocyte

Intestines

Heart

Bone

Liver

FIGURE 9.39  Stem cells can differentiate into many cell types.

totipotent stem cells    stem cells 
that can give rise to all cell types

pluripotent stem cells    stem cells 
that can give rise to most cell 
types

multipotent stem cells    stem 
cells that can give rise to only 
certain cell types
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Uses of stem cells
 Stem cells are generalised somatic cells taken from anywhere in the body. They do not include reproductive 
cells. In the right conditions, whether in the body or through special treatment in the laboratory, they mature 
to become highly specialised cells able to perform particular functions. For example, stem cells are able to 
become skin cells, heart tissue cells or muscle cells. In adults, stem cells can be found in three main areas. 
These are the bone marrow, adipose or fat tissue, and blood.  As mentioned, stem cells can also be derived 
from the blood of the umbilical cord shortly after a baby is born.  

 Under the right conditions, whether in the body or in a laboratory, stem cells divide to form more cells, called 
daughter cells.   These daughter cells either become new stem cells (through a process of self-renewal) or 
become specialised cells (through differentiation), taking on a more specifi c function. 

 As an example, a stem cell starts off as a cell and then when it is ready differentiates to become a liver cell, 
which now has a more specialised function in the liver working collaboratively with other liver cells. 

 Stem cell therapy holds much promise in assisting patients with a range of conditions, such as: 
     •  spinal cord injuries 
     •  type 1 diabetes 
     •  Parkinson’s disease 
     •  Alzheimer’s disease 
     •  heart disease 
     •  stroke 
     •  burns 
     •  osteoarthritis.   

  Known as regenerative medicine, healthy cells can replace diseased ones.  Stem cell 
transplants are able to treat and potentially cure certain types of cancers, such as 
leukaemia, lymphoma or multiple myeloma.  

Embryonic stem 
cells 

Stem cells are removed
from the inner cell mass 
of the blastocyst.

The embryo
contains stem
cells.

The blastocyst
(i.e. the embryo that
has grown to become
a small ball of cells)

Understanding
prevention and
treatment of
birth defects

Muscle cells

Identify drug targets
and test potential therapies.
Specialised cells are studied
to understand differentiation.

Neurons (nerve cells)

In-vitro 
fertilised egg

Red blood
cells

  FIGURE 9.40    How stem cells are used  

somatic cell    any cell of the body 
except sperm and egg cells
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  9.5.2  Stem wars 
 What’s the stem of the trouble? Why are people arguing about stem cells? 

 In 1998, it was fi rst reported that a researcher from the University of Wisconsin had found a way to isolate 
cells from the inner mass of an early human embryo and develop the fi rst embryonic stem cell lines. The stem 
cell issue had entered the public arena. 

 Stem cells are important because they are so versatile. They have the ability to differentiate into many different 
and specialised cell types. They may differentiate into blood cells, bone cells, heart cells, liver cells, nerve cells 
or skin cells. This ability makes them invaluable in the treatment and possible cure of a variety of diseases. 

 An ethical dilemma 
 The source of embryonic stem cells raises many 
ethical issues. Embryonic stem cells can be 
taken from spare human embryos that are left 
over from fertility treatments or from embryos 
that have been cloned in the laboratory. Some 
say that this artifi cial creation of an embryo 
solely for the purpose of obtaining stem cells 
is unethical. The fate of the embryo has also 
caused concern. In the process of obtaining stem 
cells, the embryo is destroyed. 

 Some parents have decided to have another 
child for the sole purpose of being able to 
provide a diseased or ill child with stem cells. In 
this case, the blood from the umbilical cord or 
placenta is used as a source of stem cells. Some 
suggest that this is not the right reason to have a 
child and that children should not be considered 
as a source of spare parts for their siblings. 

 Comparatively, adult stem cells create fewer 
ethical concerns; however, the potential for their 
use is much more limited.  

Understanding
cell specialisation
• Growth factors
• Gene regulation

cell specialisation

Understanding
cell cycle control
• Immunology
• Transplantation
  biology

Basic research phase

Understanding
cell specialisation
• Growth factors
• Gene regulation

Building scienti�c
capacity
• Creating career 
  development
   pathways
• Training courses
• Establishing
  infrastructure
  –  novel cell culture

  methods
  –  expanding cell lines
  – cell sorting methods

The scienti�c challenges of human stem cells

Understanding
cell cycle control
• Growth factors
• Gene regulation

Understanding
cell cycle control

  –  novel cell culture

  –  expanding cell lines

Understanding
cell cycle control
• Growth factors
• Gene regulation

Proving long-term
stability of cells
• Characterisation
  of embryonic
  stem cells
• Genetic 
  stability

  FIGURE 9.41    Research in human stem cells faces a 
number of scientifi c challenges.   

  DISCUSSION 

  In your team, discuss the following questions to suggest a variety of perspectives. 
     a.  Is it morally acceptable to produce and/or use living human embryos to obtain stem cells? 
     b.  Each stem cell line comes from a single embryo. A single cell line allows hundreds of researchers to work on 

stem cells. Suggest and discuss the advantages and disadvantages of this. 
     c.  If the use of human multipotent stem cells provides the ability to heal humans without having to kill another, 

how can this technology be bad? 
d.  Parents of a child with a genetic disease plan a sibling whose cells can be used to help the diseased child. Is 

it wrong for them to have another child for this reason?   

ACTIVITY:   Debating stem cell research

  Research aspects of stem cell research and put together an argument for or against the research and its 
applications. Find a class member with the opposing view and present your key points to each other. Ask 
questions to probe any statements that you do not understand or would like to clarify. Construct a PMI chart to 
summarise your discussion. 
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9.5.3 Endogenous stem cells
Most research so far has been on 
creating stem cells from embryos or 
adult tissues in labs and manipulating 
their development using chemical 
growth factors and implanting them 
where needed. But another way might 
be possible: awakening our bodies’ 
own endogenous stem cells to achieve 
natural regeneration. Imagine being able 
to regrow entire lost limbs, as some 
amphibians can!

Scientists at CSIRO are studying 
Australian frogs and their ability to 
produce a sticky glue-like substance. 
These frogs, from the genus Notaden 
(shown in figure 9.42), produce this 
substance as a protective measure against 
predators. The CSIRO scientists want to 
mimic the design of this glue so that they 
can produce a medical adhesive that could be used to repair damaged cartilage, close 
up wounds, and bond tendons and bone. Could their research also provide us with a 
substance to help us stick in our replacement spare parts?

FIGURE 9.42  The study of frogs in the Notaden genus could be 
used to design a glue to attach lost limbs.

ACTIVITY: Class debate

In a debate, there is no right or wrong answer. The two sides discuss the advantage of their stance and its benefit 
to different members of a society. What is important in a good debate is the quality of your and your team’s 
arguments. The side with the stronger argument is usually able to persuade people to their way of thinking.

As a class, stage a stem cell debate where the affirmative side is for government funding and the other, negative, 
side is against the funding of stem cell research. 

Topic: Should the Australian government fund embryonic stem cell research?

To help with your debate, each member of both teams must take on the role of one of the following characters 

according to the side they are arguing.

Allow sufficient time to plan your arguments. A debate has four rounds, with each speaker having between four 
and five minutes to speak. Your teacher will decide how many debates the class will engage in.

endogenous stem cells    adult 
stem cells that are tissue-specific

TABLE 9.1  Characters in a stem cell debate

Affirmative — for funding Negative — against funding

Ivy Chamberlaine, type 1 diabetic Thomas Graham, 30 year old who was conceived 
through IVF

Stewart Albright, cystic fibrosis patient Tracey Gallagher, representative of the World Health 
Organization

Professor Adrian Adler, stem cell researcher Judy Short, nurse

Patrick Chan, politician for the Liberal Party Kyle Thomas, devout Christian
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9.5.4 Grow it back
Want to grow back some missing body parts or create spares? 
Researchers are racing to create skin, cartilage, heart valves, 
breasts, ears and other body tissues in tissue-engineering 
laboratories. Some burns victims have had uninjured skin 
shaved off their bodies and grown in laboratories, while others 
have had pre-grown skin grafted onto their bodies.

Many animals are lucky enough to self-repair and grow back 
new limbs or body parts.

 • Deer can resprout as much as 30 kilograms of their own 
antlers in as little as three months.

 • Zebrafish are able to regrow their hearts.
 • Flatworms can regenerate their own heads.

Unfortunately, humans do not possess magic regenerative 
‘superpowers’. (Although at the cellular level, new cells are 
constantly being made to replace dead ones.) Stem cell research 
has given scientists the tools needed to begin cultivating a range 
of small-scale human organs known as ‘organoids’, such as 
minibrains and minihearts.

Minibrains
American researchers have recently lab-grown a brain the size of 
a pencil eraser using skin cells. The lab-grown brain is structurally 
and genetically similar to the brain of a five-month-old human 
fetus. This organoid has functioning neurons that carry nerve 
signals, just like the axons and dendrites of a ‘normal’ brain.

Minihearts
Using similar technology, reearchers have programmed stem 
cells to develop into heart muscle and connective tissue, and 
then organise into tiny chambers that ‘beat’. The connective 
tissue secures the miniheart to the Petri dish, while the muscle 
fibres ‘beat’. Professor James Hudson, an Australian associate 
professor of bioengineering, produces minihearts on a mass 
scale, having already created 20 000 of them. These minihearts 
are used to study diseases, screen new drugs (through seeing 
how the minihearts respond to them), and to investigate heart 
development and repair. Given that cardiovascular disease kills an 
average of 23 Australians every single day, it is easy to see how 
useful minihearts are to the cultivation of human heart tissue.

FIGURE 9.43  Reconstructed skin tissue

Optic Stalk

Cerebral
Hemisphere

Cephalic Flexure

FIGURE 9.44  A minibrain grown in a lab

FIGURE 9.45  A miniheart grown in a lab

Resources

Weblink Scientist mass produces minihearts

ACTIVITY: Designing the human of the future

Design a futuristic human. Give reasons for your changes to the original human design and present your 
information in a poster.
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How do we grow these new tissues?
One method used to grow new tissues involves the injection of synthetic proteins that induce tissue to grow 
and change. These proteins give messages, depending on the combination, to make more fat or bone. Using 
these methods, spare parts could be grown on-site, or grown elsewhere and transferred later. Some would need 
surgery for shaping, others would grow using scaffolding (such as freeze-dried joints or cartilage) to provide 
the required shape.

Imagine a future in which injection of growth proteins into areas where a person is missing a body part would 
enable bone, joints, fat, tissue, nerves and blood vessels to grow. Imagine being able to grow an ear, joint, nose 
or finger for immediate use or as a spare! Or even a beating heart. Some examples of the amazing ability to 
grow new tissue by various scientists are shown in figures 9.46, 9.47, 9.48 and 9.49.

a. b.

FIGURE 9.46  a. Cardiac researcher Doris Taylor has revived the dead. The process involved rinsing 
rat hearts with a detergent solution to strip the cells, until all that remained was a protein skeleton 
of translucent tissue — a ‘ghost heart’. She then injected this scaffold with fresh heart cells from 
newborn rats and waited. b. Four days later, she saw little areas beginning to beat. After eight days, 
the whole heart was beating.

a. b.

FIGURE 9.47  a. Gabor Forgacs, a tissue engineer at University of Missouri, is making blood vessel 
networks by using a 3D printer to print them out. b. He cultures three types of blood vessel cells 
and then loads them into a fridge-sized bioprinter that has been programmed with the pattern of the 
vessels to be printed.
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9.5.5 Transgenics
Transgenic organisms result from combining the genetic information from organisms 
of two different species. Genetic information from Arctic fish, for example, has 
been added to tomatoes to make them frost resistant, and genetic information from 
a bacterium has been added to cotton and potatoes to give them resistance against 
certain insect pests. Do these altered organisms belong to the same species as those 
that are not altered? What other changes may result from these new DNA additions?

a. b.

FIGURE 9.48  a. Bearing a resemblance to a jelly baby, a ‘living doll’ has been created from 
liver cancer cells. These cells are held in place by 100 000 capsules of collagen. b. Shoji 
Takeuchi’s team built this figure so that drugs could be tested in conditions closer to those 
inside the body rather than in a dish.

transgenic organism    an 
organism with genetic information 
from another species in its 
genome

a. b.

FIGURE 9.49  a. Keith McLean is a CSIRO scientist whose work involves the development of 
biomedical materials to replace, repair and regenerate damaged body parts. b. His research 
was focused on novel biomedical adhesives, ophthalmic biomaterials, bioactive scaffolds 
for cell therapy and platforms for the propagation of stem cells. This image shows mouse 
fibroblasts (cells of connective tissue).
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Recently, the Genetic Manipulation Advisory 
Committee (GMAC) approved the release of over 
500 transgenic tomato plants into Queensland 
and Victoria. A gene has been added to these 
tomatoes so that caterpillars that would normally 
eat the tomatoes are killed if they eat the plants. It 
is hoped that this addition will reduce the amount 
of pesticide that needs to be used.

CSIRO scientists have modified potatoes by 
switching off the gene that causes cut or bruised 
potatoes to go brown. They have achieved this by 
copying the gene, reversing it and then replacing 
it in the potato plant. This technology could also 
be applied to other fruit and vegetables.

9.5.6 Cloning around
Genetic engineering techniques enable the DNA in organisms to be altered to produce proteins and medicines 
that humans need. These techniques can also produce organs with minimal possibility of rejection for transplants. 
Cows have been genetically altered to produce more milk or leaner meat, and bacteria have had human genetic 
information added to them so that they produce insulin for diabetics and blood clotting factors for haemophiliacs. 
Cloning can then be used to produce these altered organisms in large numbers.

Ruppy, shown in figure 9.51, is the world’s first transgenic dog. She and four other cloned beagles have a 
gene that makes them glow under UV light. Dog fibroblast cells were infected with a virus that inserted the 
fluorescence gene into their nuclei. These nuclei were transferred into egg cells that had been emptied of their 
original nuclei; they were then implanted into surrogate mothers. In the future, the same technique could be used 
to clone dogs with genes for human diseases or knock certain genes out.

For all of its advantages, cloning may be considered a form of asexual reproduction 
because it does not involve the fusion of two cells. Although it may enable the 
production of large numbers of identical offspring, their similarities may lead to 
a decrease in biodiversity and reduce their genetic survival if they are exposed to 
unfavourable circumstances. The effect of the environment on the cloned individuals 
also needs to be considered, because genetic inheritance is not the sole factor in 
determining the phenotype of an organism.

FIGURE 9.50  Killer tomatoes? Scientists are developing 
genetically modified tomatoes that contain edible 
vaccines. Diseases that are currently being focused on 
are Alzheimer’s, cholera and hepatitis B.

a. b.

FIGURE 9.51  a. Ruppy, the world’s first transgenic dog, b. glows under UV light.

asexual reproduction    
reproduction that does not involve 
fusion of sex cells (gametes)

phenotype    the characteristics 
of an organism that result from 
the expression of genes, which 
may also be influenced by the 
environment
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DISCUSSION

Imagine you are living in the future and your partner has asked you to have his or her children. You think that this 
is wonderful until you realise that he or she means clones. What would you say? Discuss this in a group.

Resources

eWorkbook The uses of stem cells (ewbk-5072)

Weblink Stem cells 

Additional automatically marked question sets

9.5 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go to 
your learnON title at www.jacplus.com.au.

Remember and understand

 1. Describe the difference between totipotent, pluripotent and multipotent cells.
 2. Outline three reasons more ethical concerns exist around the use of embryonic stem cells than around the 

use of adult stem cells.

Apply and analyse

 3. Find out how stem cell research is regulated in Australia and one other country. What are the similarities and 
differences of the regulations?

 4. Research and describe the relationship between cloning and biotechnology.
 5. If cloning takes over as the main form of human reproduction, sperm and eggs would no longer be essential.

 a. Suggest advantages and disadvantages of this. Give reasons for your suggestions.
 b. If 100 clones were made of a single individual, would they all look and act the same? Explain your answer.
 c. Suggest the evolutionary consequence that this may have on the human race.

 6. Summarise the pros and cons of each of the following debates.
 a. The development of transgenic organisms
 b. The cloning of human tissues and organs
 c. Human DNA being inserted into other organisms

 7. Investigate some of the following questions.
 a. Which inherited genetic diseases are potentially treatable with stem cells?
 b. How many different kinds of adult stem cells exist and in which tissues can they be found?
 c. Why have the adult stem cells remained undifferentiated?
 d. What are the factors that stimulate adult stem cells to move to sites of injury or damage?

Evaluate and create

 8. Find out the requirements for space travel. Suggest how a human could be genetically engineered to be well 
suited to travelling in space.

Select your pathway

LEVEL 1
Questions
1, 2, 4

LEVEL 2
Questions
3, 6, 8

LEVEL 3
Questions
5, 7, 9, 10
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9.6  Moving to Mars

9.6.1 To space and beyond!
Will humans one day venture out into space and 
colonise other planets? What new technologies will 
we need, not just to get there, but also to be able to 
survive and thrive?

H. G. Wells (1866–1946) was an extraordinarily 
powerful and imaginative storyteller. The Time 
Machine (1895), The Island of Dr Moreau (1896), 
The Invisible Man (1897), The War of the Worlds 
(1898) and The First Men in the Moon (1901) are 
some of his ingeniously creative stories. H. G. Wells 
had his own ideas on what life on Mars would look 
like and he incorporated these into his writings.

No life has yet been discovered on Mars. This does 
not mean that it does not or has not existed. In 1997, 
new technologies enabled a data-collecting mission 
to begin to send large amounts of information back to Earth as to what Mars is really like — and if creatures 
similar to those from H. G. Wells’s imagination really do glide across its surface!

Moving to Mars
Moving to Mars is fraught with many challenges. Before people move to Mars, they need to travel there. Mars 
is an average distance of 225 million kilometres away from Earth. This average distance varies because Earth 
and Mars orbit the Sun at different speeds.

Since Earth also orbits on the inside lane it travels a shorter distance than Mars does, causing it to circle the 
Sun more quickly. This means that any spacecraft departing to Mars needs to do so when the two planets are 
just prior to being aligned, providing a launch window every 26 months (just over two years).

LEARNING INTENTION

At the end of this subtopic you will be able to outline the advances being made in the colonisation of Mars and in 
making Mars more habitable for humans to live there through terraforming.

FIGURE 9.52  A Mars rover

 9.  SIS  Consider the following transgenic organisms: tomatoes, potatoes, pigs, cows, fish, tobacco, cotton, 
 bacteria. Select one of these organisms, find out the following information and present your findings  
in a report.

 a. How and why they were made
 b. Any biological, social, economic or ethical issues that may result from the change to the organism
 c. Your own comments on what you think and feel about these changes

 10. Snuppy, the world’s first cloned dog, was created by Hwang Woo-suk’s team at Seoul University in South 
Korea.

 a. Find out more about Hwang’s scientific achievements.
 b. Find out more about Hwang’s research and the reason for his arrest and jail sentence. Were his actions 

justified? Justify your response.

Fully worked solutions and sample responses are available on your digital formats.
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 The total journey time from Earth to Mars takes between 
150 and 300 days depending on: 

     •  the speed of the launch 
     •  the alignment of Earth and Mars 
     •  the length of the journey the spacecraft takes to 

reach its target.   

 If, on average, the trip takes approximately nine months, 
enough fuel needs to be on board to last the entire 
journey.   Additionally, passengers need to be kept alive 
and entertained for the duration of the trip, because 
nine months is a long time to sit in a vessel looking at 
the vastness of space. Enough oxygen and food is also 
needed on board, as well as other essentials, and the 
travellers need to be healthy enough to deal with such a 
journey. 

 The skillset of everyone on board needs to be varied 
to deal with emergencies as they arise, whether these 
are due to medical or technical issues — for example, 
something on the spacecraft malfunctioning. The ride 
would be extremely dangerous and expose passengers 
to intense amounts of radiation, not to mention that 
without gravity, muscles and bones degenerate quickly in 
space. To keep it in perspective, on average, astronauts 
need to exercise two hours per day to combat the negative aspects of space travel (as shown in fi gure 9.54). 
The equipment they use is different from what we use on Earth because, while lifting 100 kilograms on Earth 
may be a lot of work, lifting that same mass in space would be much easier. If astronauts do not exercise, their 
bodies will get weak, making it diffi cult for them to do any work.  

  9.6.2  The Red Planet 
 Throughout history, sky watchers have observed the bright red dot in the sky. Some believed that it was a sign of 
war or epidemics or, for some cultures, even the need for human sacrifi ce. Perhaps as a consequence of this, the 
Romans named Mars after their god of war. Other observers theorised that Mars held intelligent life, which had 
created canals to channel water to cities. H. G. Wells’s  The War of the Worlds , in which Martians attack the Earth, 
and Tim Burton’s 1996 comedy  Mars Attacks  are two stories that use imagination and the science of their times. 

  Almost 30 Earth missions failed to get to Mars. In 1965,  Mariner 4  made the fi rst successful attempt when it 
fl ew within 10 000 kilometres of Mars, transmitted back photographs of Martian meteor craters and revealed 
that the planet did not have a measurable magnetic fi eld. About seven years later, the fi rst soft landing was 
made by the Soviet probe  Mars 3 . This landing allowed the fi rst television pictures to be sent from the surface 
of the Red Planet. 

 Spectacular 3-D colour images of the Martian surface were taken by the European Space Agency’s probe  Mars 
Express  in 2004. These images showed gullies that appear to have been carved by water. Also in 2004, NASA 
landed two rovers,  Spirit  and  Opportunity , on the Martian surface with the task of examining the chemical 
composition of rocks. 

  FIGURE 9.54    An astronaut running on a treadmill  

  ACTIVITY: Life on Mars in science fi ction 

  Locate, read and summarise the similarities and differences between different science fi ction novels about life on 
Mars or about Martians. Try reading Brian Aldiss’s  The Forgotten Life , Ray Bradbury’s  Martian Chronicles , Arthur 
C. Clarke’s  The Snows of Mount Olympus  and   The  Sands of Mars , and H. G. Wells’s  The War of the Worlds . 

SOLAR SYSTEM

Jupiter

Uranus

Asteroid Belt

Sun

Earth
Mercury

VenusMars

Saturn

Neptune

  FIGURE 9.53    Travelling to Mars relies on it being 
closer to Earth in orbit  
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9.6.3 Move over red rover
Three rovers were scheduled to head to 
Mars in mid-2020 on three separate missions 
representing four different countries. Mars 2020 
is a NASA mission, the purpose of which is 
to collect Martian samples that will one day 
be returned to Earth. ExoMars 2020 is a joint 
mission between Europe and Russia meant to 
look for signs of life by drilling deeper than 
before into the Martian surface, while China’s 
Mars 2020 mission will be their first successful 
landing. At the time of writing, ExoMars has 
been rescheduled for 2022.

Like the rovers before them, each is planned to 
be equipped with state-of-the-art equipment that 
can analyse molecules in rocks and soil to look for any signs of life on the Red Planet, both past and present. 
NASA’s mission will also test equipment that could be used in a future mission in which humans travel to Mars.

If all three rovers land successfully and are able to return data to scientists on Earth, they will be the 9th, 10th, 
and 11th spacecraft to do so.

Rovers also face unique challenges while in space. The severe dust storms that occur often on Mars mean that 
any tiny gaps they have on their surfaces can easily become clogged up with fine particles of dust. This means 
they must be specially designed to withstand the climate there.

TABLE 9.2  Differences between Earth and Mars

Earth Mars

Atmospheric gases 77% nitrogen
21% oxygen

1% argon
0.038% carbon dioxide

95.32% carbon dioxide
2.7% nitrogen
1.6% argon

0.13% oxygen
0.03% water vapour
0.01% nitric oxide

Atmospheric pressure 1013 millibars (at sea level) 7.5 millibars (at sea level)

Gravity 2.66 times that of Mars 0.375 that of Earth (significantly less 
gravity)

Number of moons 1 (Moon) 2 (Phobos and Deimos)

Distance from the Sun 149 597 891 km 227 936 637 km

Equatorial radius 6 378 km 3397 km

Tilt of axis 23.45 degrees 25 degrees

Surface temperature 14 °C –63 °C

Length of day Just under 24 hours 24 hours, 37 minutes

Length of year Just over 365 days 687 days

Largest volcano Mauna Loa (Hawaii)
4169 m high above sea level, or 169 m 

above the ocean floor
121 km in diameter

Olympus Mons
22 km high

602 km in diameter

Polar caps Permanently covered with water ice Covered with a mixture of carbon dioxide 
ice and water ice

FIGURE 9.55  An example of a Mars rover, which shows 
the multi-panel solar array spread out like wings
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Since most of their energy relies on the Sun, they are equipped with a multi-panel solar array, spread out like 
wings, as shown in figure 9.55. The frequent dust storms mean their solar panels can easily be covered with 
sand, rendering them powerless until the next dust storms occur, when the winds will clear away the sand.

Rovers need to have other back-up sources of power; for example, radioisotopes such as plutonium. This 
type of energy source is called a multi-mission radioisotope thermoelectric generator, or MMRTG. This 
power system keeps the lithium-ion chargeable batteries energised and provides a continuous flow of 
electricity to all of the rover’s components over the 1.5 Martian years (3 Earth years) it is meant to be 
operational. Additionally, the heat it generates keeps the rover’s parts at ideal operating temperatures, 
ensuring it lasts as long as possible.

If we ever make it to Mars ourselves, we 
will need to come up with new strategies 
and technologies to survive the Martian 
environment. We will need to be able to 
leave our spacecraft and land vehicles. 
Specially designed spacesuits will need to 
provide us with a personal environment 
that supplies our nutrients, recycles our 
wastes, protects us from the outside and 
enables us to do what we want or need to do.

Australian aerospace engineers are involved 
in the development of futuristic Martian 
spacesuits such as MarsSkin and mechanical 
counter-pressure (MCP) suits. MarsSkin 
suits are tight and elastic, contain an inner 
layer of lycra microfibres that transports 
heat and moisture away from the body, and 
include sensors to monitor hydration, heart rate and body temperature. Their tough outer layer provides protection 
against harsh environments. MCP suits have electronic polymer fibres within tight-fitting elastic material and use 
electricity to mould the suit to the human body. The extra pressure this suit provides reduces the chance of the 
wearer losing consciousness in the much lower Martian atmospheric pressure.

9.6.4 Life on Mars
The conditions on Mars are very harsh, offering researchers many challenges for making it safe to travel and 
live there. Mars lacks an ozone layer, the layer that protects inhabitants from lethal doses of solar ultraviolet 
radiation. No-one knows how much radiation a person living on Mars would be exposed to, but the types of 
radiation found in space are different from the one found on Earth and much more damaging.

The effects of radiation on the human body are well known. People exposed to high levels of radiation are 
more at risk of cancer and of having impaired central nervous systems. Damage to the central nervous sytem 
affects cognitive and motor functioning, which potentially could alter the way people behave.

FIGURE 9.56  Mars exploration by humans is currently 
something we have yet to achieve. The following illustration 
shows what Mars exploration may look like. 

ACTIVITY: Designing nanobots for space exploration

Design your own nanobots that will help us to survive venturing out into space.
 a. Research and report on examples of current research into humans and space travel.
 b. Use the internet and your research to identify three questions that could be investigated further.
 c. Write your own science fiction story that is packed with challenges, new technologies and excitement.
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Increased levels of radiation is very taxing on the human 
body, resulting in vomiting, fatigue and anaemia, along with 
increased incidences of heart disease, cataracts and circulatory 
disease. Radiation exposure also can affect the skin, leading to 
reddening, ulceration and peeling, as shown in figure 9.57.

NASA is currently investigating unique ways to study the body’s 
response to radiation, finding appropriate countermeasures to 
protect future travellers to space.

Another risk factor in going to Mars is the isolation people will 
feel during the journey and once they arrive. Isolation negatively 
affects mood, cognition, morale and interpersonal skills. It is 
expected that any journey to space will be mentally demanding, 
because astronauts usually experience varying degrees of 
workload and boredom. The lack of fresh food and variety can 
also be difficult to tolerate not only mentally but also physically, 
as a result of nutritional deprivation. Another issue that plagues 
potential human life on Mars is soil toxicity due to high levels of 
perchlorate. The levels detected on Martian soil are at  
0.5 per cent, which though low is toxic to humans.

9.6.5 Challenges of space exploration
To make Mars more habitable, the 
entire planet must be terraformed. 
Terraforming involves modifying the 
environment to make it habitable for 
Earth-like organisms. The issues that 
make Mars difficult for life to survive 
need to be addressed. According to 
 scientists, Mars exists on the outer edge 
of the habitable zone, a region of the 
Solar System where liquid water found 
on the surface of a planet,  combined 
with the correct concentration of 
 greenhouse gases, can increase its 
atmospheric pressure. 

In an earlier time during its development, Mars had atmosphere as thick as Earth’s, 
though it is thought that the Sun’s solar flares blew it away into space. Artificial global 
warming would unlock the frozen carbon dioxide on the surface of Mars, helping 
create the required atmosphere. This sort of global warming would also unleash the 
frozen water found deep within the planet to create an ocean as deep as 11 metres.

FIGURE 9.57  Acute radiation poisoning 
can lead to damage to the skin

terraforming    the modification 
of an environment, including its 
atmosphere and temperature, 
to make a location habitable for 
Earth-like organisms

FIGURE 9.58  What might a Mars base colony look like?

ACTIVITY: Organisations researching Mars travel

Find out about organisations that are focused on research about travel to and colonisation of Mars. Report your 
findings in a ‘Mars Mania’ field guide brochure, PowerPoint presentation, web page or creative story.
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If we ever did explore space, we would need to consider various factors.
 • Should we be altering our DNA by introducing genes that may give us an increased chance of survival in 

the different environmental conditions that we are likely to encounter on other planets such as Mars?
 • Should we be genetically engineering specific organisms to take with us? If so, what features should they 

possess?
 • Should be cloning ourselves or making replacement parts just in case something goes wrong?
 • Should we be developing new technologies that will help keep us alive in environments that we have not 

evolved to exist in?
 • Should we develop our applications of nanotechnology to defend us against alien disease? If we haven’t 

evolved with these alien pathogens, will they be able to infect us? What will their biology be?
 • If alien pathogens do invade us, perhaps we could use nanobots or artificial defences. Designs of 

these types of defence systems have already been suggested; should we develop these ideas further?

In the 2015 sci-fi movie The Martian, an astronaut is trapped on Mars in the year 2035. With limited food and 
water available, he improvises, eventually making a garden fertilised with biowaste and purifying water from 
leftover fuel. Our survival may depend on the applications of old and new technologies to supply requirements 
essential for life. Some of these technologies may involve the conversion of human wastes into essential 
nutrients.

DISCUSSION

Select one of the questions from the preceding list. Discuss this question with those around you. Outline your 
thoughts on this and those of your group, and present your ideas to others in the class.

Humans

Oxygen

Water

Food

Cyanobacteria
and plants

Carbon dioxide

Bacteria use energy from the Sun to
convert the products of the breakdown.

processed
further by

bacteria

decomposed
to

production
of waste

broken
down to

converted to

broken down to

used by releases

used for
photosythesis

taken
up by

Nitrates

Fatty acids, minerals, ammonium

Waste is broken down by
bacteria by fermentation.

FIGURE 9.59  Human wastes may be used to create food through various conversions.
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INVESTIGATION 9.4

Building a cardboard prototype for life on Mars

Aim

To build a cardboard prototype of any piece of equipment or item that humans will need to deal with the 
harsh conditions found on Mars

Materials

• cardboard 
• any other material to make your model

Method 

 1. Plan a piece of equipment or item for life on Mars. For example:
 • You might focus on the journey to Mars. You could plan a futuristic space elevator, space shuttle or an 

item for in the shuttle to make the long trip to Mars more comfortable and worthwhile for the travellers 
occupying it.

 • You might focus on comforts that improve the quality of life. This might be a piece of exercise equipment, 
a better quality bed, improved showers or toilets on board, or any other object travellers might use.

 • You might focus on making life on Mars more habitable. You could design a smart green house that would 
be able to grow a variety of crops or a living hub that makes it safe for humans to live inside. You might 
even like to create a special biosphere or artificial structure enclosing a self-containing ecosystem. This 
structure and ecosystem will need to be able to support human life. You will need to consider important 
issues such as heating and cooling, the carbon and oxygen cycle, and potential water production.

 2. Research features that your design would need. You might have to do some research into your options or 
even on new materials that may make your object lighter, stronger and better able to withstand the pressures 
of travel or life on Mars.

 3. Start sketching a prototype for your model and what features it will require.
 4. Create a cardboard model of your prototype.

Results

Draw a clear sketch of your model, outlining any features.

Discussion

 1. Explain the types of materials you might use in the construction of your prototype, keeping in mind some 
of the major constraints of your new environment such as availability of raw materials on Mars, and limited 
access to energy and trees.

 2. How would your design help with life on Earth?
 3. Imagine you are pitching your design to NASA to get funding. Write a 200-word pitch about why they need to 

purchase your product.
 4. Suggest improvements that could be made to your design.
 5. Determine any limitations that exist in making your prototype. Explain these.

Conclusion

Summarise the design of your equipment or item, outlining why it is needed for life on Mars.

elog-0623
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Resources

eWorkbook Moving to Mars (ewbk-4595)

Video eLesson Curiosity — a year of discovery (eles-2752)

Weblinks Space station science 

Mars 2020 mission overview

Additional automatically marked question sets

9.6 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go to 
your learnON title at www.jacplus.com.au.

Remember and understand

 1. Describe what sorts of projects and research are aerospace engineers involved in.
 2. Describe the process of terraforming and explain why this is important.

Apply and analyse

 3. a.  If you found a self-replicating organism living within your computer, what would you do? Discuss your 
response.

 b. Explain what defines life.
 c. If you were to travel to another planet, what protocols would you have with regards to how you were to treat 

any life you encountered on that planet?
 4. Research and write a two-paragraph summary on the following.
 a. The NASA Haughton–Mars Project (HMP)
 b. The Micro-Ecological Life Support System Alternative (MELiSSA)
 c. NASA research on the feasibility of living in space
 d. Research and development of artificial life

Evaluate and create

 5. The first inhabited outpost on Mars will possibly depend on microbes for its essential functions. The MELiSSA 
option may use microorganisms to convert crew waste into resources that can be recycled. Research this 
 system and use the information to design your own system to support human life on Mars.

 6. a. Research the differences between current conventional spacesuits and possible future spacesuits.
 b. Research the possible effects of the Martian atmosphere on the human body.
 c. Suggest spacesuit modifications on the basis of your findings. What sorts of science technologies need to be 

developed to allow this?
 d. Use your findings to design, sketch and label your future Martian spacesuit.

Fully worked solutions and sample responses are available on your digital formats.

Select your pathway

LEVEL 1
Questions
1, 2

LEVEL 2
Questions
3, 6

LEVEL 3
Questions
4, 5
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9.7  The science quest continues

9.7.1 The quest continues
Why bother asking questions about the world around you? Why not just accept the way things are? What 
makes scientists do what they do? Do we really need science?

Science does not occur in a vacuum. Science is about people and their quest to find out about the hows, whys 
and wheres of the world around them. Science employs as its most important tools imagination, insight and the 
desire to understand or find out for the individual or for others. Some discoveries have been made accidentally, 
others after sequential and thorough use of scientific methods and procedures. The societies in which scientists 
live greatly influence the science in which they become involved.

9.7.2 Looking to the future

Can we fight alien diseases?
Should we develop our applications of nanotechnology to defend us against alien disease? If we haven’t 
evolved with these alien pathogens, will they be able to infect us? What will their biology be?

If they do invade us, perhaps we could use nanobots or artificial defences. Designs of these types of defence 
systems have already been put forward; should we develop these ideas further?

Plastic antibodies
Antibodies made entirely from plastic have already been used to save the lives of mice injected with bee 
venom. These artificial antibodies contain cavities moulded to match the shapes of their target molecules. 
In the future, these could be used in humans to combat toxins or even to protect against proteins that cause 
allergic reactions to pollen and some foods.

These plastic antibodies were made by a process called molecular imprinting — a process similar to 
making a plaster cast of your hand but at a nanoscale. The process involves taking a plastic cast of the target 
molecule (such as a toxin) by mixing it with monomers (small molecules) that mould themselves around it. 
When the original target molecule is dissolved, these casts have the specific shape for trapping the target 
molecule.

The process of how plastic antibodies are used is shown in figure 9.60. It is anticipated 
that after these plastic antibodies have been injected into the body and have captured 
their target molecule (the venom or toxin), they would be engulfed by white blood 
cells and removed from the bloodstream to be destroyed by the liver. If these artificial 
antibodies are made of biodegradable materials, their destruction will be less risky.

molecular imprinting    a process 
by which molecules that match a 
target molecule can be made

LEARNING INTENTION

At the end of this subtopic you will be able to explain how the history of science is linked to the emergence of 
new discoveries.
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Engineered plastic 
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toxin. The antibodies 
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3 4
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toxin. The antibodies 
attach to the poison.
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attach to the poison.
toxin. The antibodies 
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toxin. The antibodies 
attach to the poison.attach to the poison.attach to the poison.attach to the poison.

Antibodies remove toxins
The mouse’s metabolism
then removes the plastic
antibodies from the 
bloodstream and into its liver.
The mice did not show signs of
side effects from the plastic
injected into them.

Venom
antigens
removed
to liverPlastic

antibodies

  FIGURE 9.60    How do plastic antibodies work?  

   Who are you and where are you going? 
 Do we need to develop a separate set of ethics to live by while we travel in space and when we get to our 
destination? If so, what should they be? Are you interested in going on a journey that will take you further 
from Earth than anyone has been before? The future may looks very different based on the technologies we 
have and the journeys we go on.  

1. Camera
captures image
and wirelessly
transmits data to
implant

2. Retinal implant
and processor
stimulates retina 3. Electrical signals

sent from retina via 
visual pathway to vision
processing centres in the
brain 

Wireless
transmission

Power source

  FIGURE 9.61    What might the future look like seen through bionic eyes?   

Source: Image courtesy of Bionic Vision Australia.
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    TABLE 9.3     Science quests through history            

  Year    Scientifi c events    Other events  

1784  Benjamin Franklin invents bifocals.  Life expectancy is about 35.5 years. 

1829  Stephenson’s  Rocket  launches the start of the 
railway age. 

 Jean-Baptiste de Larmack dies and Jules Verne 
turns one. 

1831  Faraday discovers electromagnetic induction. 

1833  Gauss’s electric telegraph key is invented. 
Anselme Payen isolates the fi rst enzyme — 
diastase. 

1834  Lindsay achieves continuous electric light. 

1837  Photography is invented. 

1838  Matthias Schleiden suggests that all plants are 
made up of cells. 

1842  Ether anaesthesia is invented. 

1845  Parson’s giant telescope begins a new era of 
astronomy. 

1846  Guncotton, the fi rst modern explosive, is 
invented. 

1848  The Year of Revolutions: Second Republic in France 

1852  Vulcanite (hard rubber) is created.  Third Empire begins under Louis Napoleon. 

1853  The internal combustion gas engine is 
invented. 

1854  Chemically produced aluminium is created. 

1855  Ruhmkorff’s bichromate battery is created. 

1857  Singer’s domestic sewing machine is invented. 
The fi rst electric street lighting is installed in 
Lyon. 

1858  Rudolf Virchow suggests that cells can only 
arise from pre-existing cells. 

1859  Darwin’s  On the Origin of Species  is 
published. 

 Gregor Mendel turns 37 and Charles Darwin turns 50. 

1863  Huxley’s  Man’s Place in Nature  is published 
and TNT is invented. 

 Jules Verne’s  Five Weeks in a Balloon  is fi rst 
published. 

1864  Nobel introduces nitroglycerine and Pasteur 
introduces pasteurisation. 

 Jules Verne’s  A Journey to the Centre of the Earth  is 
fi rst published. 

1865  Aerophore, a compressed-air diving 
 apparatus, is invented by Rouquayrol and 
Denayrouze. Gregor Mendel discovers 
 patterns of inherited characteristics. 

 Jules Verne’s  From the Earth to the Moon  is fi rst 
published. 

1868  Leclanché invents a dry-cell non-rechargeable 
battery. 

1869  Celluloid is discovered. Dmitri Mendeleev 
proposes the periodic table. 

 Marie Curie turns two and H. G. Wells turns three. 

1870  Chewing gum and the washout toilet are 
introduced. 

 Jules Verne’s  Twenty Thousand Leagues Under the 
Sea  is published. 

1873  Remington introduces the mass-produced 
typewriter. 

 Jules Verne’s  Around the World in 80 Days  is 
published. 

  9.7.3  Science quests throughout history        
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  Year    Scientifi c events    Other events  

1876–
1878

 Thomas Edison makes his fi rst talking 
machine — the phonograph. 

1878  The cathode-ray tube (later the basis for 
 television) is invented and Alexander Graham 
Bell invents the telephone. 

1879  Swan makes the fi rst practical electric light 
bulbs in London and Edison makes them in 
the USA. 

1885  Daimler and Benz work on the fi rst motorcar 
with an internal combustion engine. 

1887  Hertz discovers electromagnetic waves (the 
basis for radio). 

1889  Data-processing computer using punched 
cards is invented. 

1892  Ivanovsky discovers the virus. Diesel engine is 
invented. 

1893  The solar-electric cell is invented. The fi rst 
open-heart surgery is performed. 

1894  Guglielmo Marconi’s wireless telegraphy is 
invented. 

 Aldous Huxley is born. 

1895  Röntgen discovers X-rays.  H. G. Wells’s  The Time Machine  is published. 

1896  Cavendish discovers electrons. 

1898  Krypton and neon are discovered. Holland’s 
submarine is invented. Curie discovers the two 
radioactive elements radium and polonium. 

 H. G. Wells’s  The War of the Worlds  is published. 
Albert Einstein turns 19, Alexander Fleming turns 17 
and Howard Florey is born. 

1899  Electric wave wireless telephone and the wire 
tape-recorder are invented.  

 H. G. Wells’s  The First Men in the Moon  is published. 
The Boer War begins. 

1900  Planck’s quantum theory is proposed. Von 
Zeppelin’s dirigible airship is invented. 

 Life expectancy is about 45 years. 

1901  The fi rst signals are sent across the Atlantic 
Ocean and received. The fi rst electric hearing 
aid is invented. Wilhelm Röntgen’s discovery 
of X-rays wins him one of the fi rst Nobel 
Prizes. 

 Australia becomes a federation. 

1902  The ionosphere is discovered by 
 Kennelly-Heaviside and hormones are 
 discovered by Bayliss and Starling. 

1903  The Wright brothers fl y in their fi rst successful 
‘heavier than air’ machine. 

1905  Einstein’s  Special Theory of Relativity  is 
published and the fi rst artifi cial joint is used 
in an arthritic patient’s hip. 

 Jules Verne dies. 

1911  Ernest Rutherford (‘father of nuclear energy’) 
proposes a model for the atom. 

 Aldous Huxley has his 17th birthday. 

1914  World War I begins. 

TABLE 9.3  Science quests through history (continued )

(continued )
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  Year    Scientifi c events    Other events  

1927  George Lemaître theorises that the universe 
has been expanding from a ‘primal atom’. His 
theory is later popularised as the ‘big bang’. 

1928  Penicillin is accidentally discovered by 
Alexander Fleming. 

1929  Electroencephalogram is fi rst introduced and 
Hubble’s Law, a strong pillar of the Big Bang 
theory, is discovered. 

1930  Pluto is discovered. 

1931  Aldous Huxley’s  Brave New World  is fi rst published. 

1933  The fi rst electron microscope is built. 

1936  The fi rst artifi cial heart is invented.  James Watson turns 4, Rosalind Franklin and Isaac 
Asimov turn 16, Francis Crick turns 20. 

1939  World War II starts. 

1943  Barbara McClintock suggests the existence of 
‘jumping genes’ in her studies on maize. 

1944  Pfi zer is the fi rst to mass-produce penicillin.  Infant deaths steadily decline. 

1945  Kidney dialysis machine is fi rst used and the 
fi rst atomic bomb is detonated during a secret 
test in Alamagordo, New Mexico. 

 World War II ends. 

1947  The sound barrier is broken. The supersonic 
age begins. 

1949  George Orwell’s  Nineteen Eighty-Four  is fi rst 
published. 

1953  Watson and Crick decipher the structure of 
DNA. 

1957 Sputnik  is launched. 

1963  Robert A. Heinlein’s  Time for the Stars  is fi rst 
published. John F. Kennedy is assassinated. 

1965  Frank Herbert’s  Dune  is fi rst published. 

1969  ‘One small step for a man, one giant leap for 
mankind’ — Neil Armstrong is the fi rst man to 
walk on the Moon. 

1971  Nuclear magnetic resonance imaging is 
used to diagnose illnesses. Black holes are 
discovered by sensors of the  Explorer 42
spacecraft in the Cygnus constellation. 

1972  The fi rst global views of Mars are returned by 
Mariner 9 . 

1976  Genentech company is formed by the venture 
capitalist Swanson and the biochemist Boyer 
to exploit Boyer’s gene-splicing techniques. 
The  Viking 1  makes the fi rst landing on Mars. 

 Isaac Asimov’s  The Bicentennial Man  is published. 

1977  George Lucas’s  Star Wars  is released. 

1980  Life expectancy is about 75 years. 

1982  Sally Ride is the fi rst US woman in space.  Robert A. Heinlein’s  Friday  is fi rst published. Anne 
McCaffrey’s  The Crystal Singer  is published (written 
1974–1975). 

TABLE 9.3  Science quests through history (continued )
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  Year    Scientifi c events    Other events  

1983  Barbara McClintock wins the Nobel Prize for 
Medicine for her discovery of ‘jumping genes’. 

1984  Meteorite ALH-84000 is discovered in 
Antarctica. 

1988  The National Institutes of Health and the 
Department of Energy embark on the 
International Human Genome Project. 

1989  Physicist Stephen Hawking’s  A Brief History of 
Time  is published. 

1990  Gene therapy is fi rst attempted on a human.  Retirees outnumber teenagers for the fi rst time in 
history. 

1995  The fi rst electronic atlas of the human body 
is created — the visible man whose frozen 
cadaver was sliced into one-millimetre 
increments. 

1996  The fi rst complete genome of a life form, a 
yeast, is sequenced. US scientists reveal that 
meteorite ALH-84000 is Martian and contains 
organic compounds and microfossils. 

1997  The cloning of Dolly the sheep is revealed. 

1998  Evidence of planets orbiting stars in other 
galaxies is found. 

1999  Simple organic molecules discovered in outer 
space, leading to new hypothesis about 
extraterrestrial life. 

 Human chromosome 22 is sequenced. 

2000  Australia’s fi rst cloned animal is born — Suzi 
the calf. Scientists at Monash University are 
involved in developing a method of growing 
body parts from embryonic stem cells. 

 Olympic Games are held in Sydney. Human chromo-
some 21 is sequenced. 

2001  ‘9/11’: Hijacked planes crash into the World Trade 
Center in New York. 

2003  The Human Genome Project completed. More 
than 20 000 human genes mapped. 

 Australia’s population reaches 20 million. 

2004  The remains of an 18 000 year old, one-metre 
tall hominin skeleton found on the Indonesian 
island of Flores is formally named  Homo 
fl oresiensis  and nicknamed the ‘hobbit’. 

2006  A paralysed man has a brain implant that 
allows him to control a computer using the 
power of thought. The defi nition of a planet is 
changed and Pluto is now considered a dwarf 
planet. A genetic study suggests that human 
and chimp ancestors may have interbred long 
after their lineages had split. 

 Commonwealth Games are held in Melbourne. 
Steve Irwin (known as the Crocodile Hunter) dies 
after being stung by a stingray while fi lming a marine 
documentary. 

2008  The fi rst direct observations of exoplanets are 
made. Ice is discovered on Mars. 

 US president Barack Obama is elected. 

2010  The fi rst self-replicating synthetic bacterial cell 
is created. 

TABLE 9.3  Science quests through history (continued )
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9.7 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au.

ACTIVITY: Continuing the timeline

Add other scientific quests, events or Australian Nobel Prize winners to the science quests timeline in table 9.3, 
taking it from 2010 to current times.

Resources

eWorkbook Great ideas and lucky breaks (ewbk-5068)

Additional automatically marked question sets

Remember and understand

 1. Describe and provide examples of molecular imprinting.
 2. Outline how plastic antibodies are created.

Apply and analyse

3. a.  Select a year (or time period) and find out as many different scientific discoveries as you can that emerged 
during that time period.

 b. Suggest implications of the scientific discoveries or events on the people of that time and on people in 
future times.

 4. Find out about the winners of scientific Nobel Prizes and their work. Summarise your findings on this. What 
did they discover and why was their work deemed worthy of such a prestigious award?

 5. Explain one area of our lives that could be improved by science. Be specific in discussing what is currently 
wrong with this area and how science could improve it. Consider sociological, economic, political or cultural 
factors that could be affected as a result of this improvement.

 6. Describe two applications or ways that science has had a positive impact, has helped humanity by making 
our lives easier or has been a useful addition to what we had before its invention. Discuss how we coped 
before this application was introduced and how our lives have changed since it came into being.

Evaluate and create

 7. Can you think of some immediate or future problems that can be solved by science? Propose a way that 
science might help with this.

 8. Between 1980 and 1999, the Repository for Germinal Choice (dubbed the ‘Nobel Prize sperm bank’) was 
operational in California, USA. Its main goal was to house the sperm of geniuses from around the world, the 
DNA of which would be used to impregnate many females all at once with the DNA of intelligent and genius 
men. Find out about this sperm bank and discuss the ethics associated with this sort of business.

Fully worked solutions and sample responses are available on your digital formats.

Select your pathway

LEVEL 1
Questions
1, 4

LEVEL 2
Questions
2, 3, 7

LEVEL 3
Questions
5, 6, 8
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 9.8  Review

9.8.1 Summary
Endless possibilities

 • Science fiction seems to be merging with science so that many of the effective devices we see on the big 
screen predict new and emerging technologies of the future. Similarly, some of the issues seen in movies 
such as Contagion parallel real life, teaching people how to respond in international emergencies.

 • Artificial intelligence (AI) is the technology involved in mimicking human abilities while machine 
learning trains machines to learn new skills. While many in the western world fear the development of 
artificial intelligence and robots, we are quickly warming up to them and realising the usefulness they 
have for improving how we do things.

 • Genetically modified food products means food is becoming more nutritious, crops can be grown nearly 
everywhere and will be able to defend themselves against a host of pesticides.

From superheroes to super science
 • As in current sci-fi films, carrying mutant genes or genetically modifying humans by changing human 

characteristics could prove to be beneficial in future projects such as the colonisation of Mars. 
 • The solution to many design challenges can be found in nature in a process known as biomimicry.

The nanoworld
 • Nanomaterials such as carbon nanotubes (CNTs) and nanowires are being used to create nanorobots and 

nanospiders with highly sensitive nanobiosensors. These new super-powerful devices will change the 
way we receive medical treatments and improve conditions affecting every part of our body by delivering 
targeted potent medications to specific target sites and through robot controlled surgeries that will be able 
to operate on the most fragile areas of the human body.

Stem cells
 • Stem cells, regardless of their source, and stem cell therapy will be the secret to transforming us from 

humble human beings into super-humans who will be able to grown new limbs, self-repair and replace 
organs that are no longer functioning.

 • The technology and scientific know-how already exists in using stem cells to create laboratory-made 
human organoids such as minibrains that are genetically similar in structure and function to the brain of a 
five-month-old human fetus. This is transforming the way diseases are studied and treated.

Moving to Mars
 • Colonising Mars is quickly becoming a reality. NASA is currently looking at ways to transform Mars to 

make it more hospitable to humans in a process known as terraforming.
 • Mars is currently being explored remotely through the use of specialised robotic vehicles called rovers. 

They are currently on Mars looking for evidence of life, collecting myriad data and images, digging 
into the Martian surface, studying its topography, collecting rock and mineral samples and analysing the 
current conditions on Mars.

 • NASA is investigating the adverse effects that space travel and being in space long term can have on 
living organisms. Science experiments are currently underway to find ways to grow crops in space and to 
help humans adapt to withstand the rigours of space travel.

Access your topic review eWorkbooks

Topic review Level 1
ewbk-5077

Topic review Level 2
ewbk-5079

Topic review Level 3
ewbk-5081

Resources
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abiotic factors    the non-living things in an ecosystem

artificial intelligence    technologies that are able to perform tasks that usually require human intelligence

asexual reproduction    reproduction that does not involve fusion of sex cells (gametes)

biomimicry    the practice of developing new products and technologies based on replicating or imitating design in nature

biosilification    the ability to manipulate silicon at the nanoscale that involves the use of living cells

cosmetology    the study and application of beauty treatment

cryotherapy    a form of cold therapy which exposes the body to extremely low temperatures for up to three minutes to promote 
healing at the cellular level

cybernetics    the science of communications and automatic control systems in both machines and living things

dendrimer    branched molecules that make up certain nanoparticles

diatoms    tiny, single-celled algae

endogenous stem cells    adult stem cells that are tissue-specific

gene therapy    technique that uses the modification of genes to treat or prevent disease

gene    segment of a DNA molecule with a coded set of instructions in its base sequence for a specific protein product; when 
expressed, may determine the characteristics of an organism

genetically modified organism    any organism that has had their genome altered in some way

hypoxic    a condition in which oxygen levels are reduced

lotus effect    the repellence of water on the surface of lotus leaves; also known as superhydrophobicity

molecular imprinting    a process by which molecules that match a target molecule can be made

multipotent stem cells    stem cells that can give rise to only certain cell types

mutated gene    the gene with an altered genetic sequence

nanobots    miniscule sized robots on a nanoscale that can be used in medicine

nanometer    one billionth of a metre

nanotechnology    a rapidly developing field that includes studying and investigating our environment at a molecular level (on 
the nanoscale) and then applying what we learn to a variety of technologies

nanotubes    cylindrical molecules usually made of a single layer of carbon atoms 

nanowires    extremely thin wires on the nanoscale

pandemic    a widespread outbreak of a disease that affects multiple countries in different regions globally

phenotype    the characteristics of an organism that result from the expression of genes, which may also be influenced by the 
environment

platelet rich plasma    blood plasma which is rich in a patient’s own platelets that can be used to treat injuries and in 
cosmetology

pluripotent stem cells    stem cells that can give rise to most cell types

silica    a hard colourless mineral; also known as silicon dioxide

somatic cell    any cell of the body except sperm and egg cells

stem cells    special cells that are able to develop into many different cell types

terraforming    the modification of an environment, including its atmosphere and temperature, to make a location habitable for 
Earth-like organisms

totipotent stem cells    the most powerful stem cells that can rise to all cell types

transgenic organism    an organism with genetic information from another species in its genome

Van der Waals forces    very weak molecular interactions

vasoconstriction    narrowing or constriction of the blood vessels

xenotransfusion    a process in which other animals are used for blood transfusions for humans

xenotransplant    a process in which organs for transplantation are taken from animals other than humans

9.8.2 Key terms 

Resources

Digital document Key terms glossary (doc-34966)

eWorkbooks Study checklist (ewbk-5083)
Literacy builder (ewbk-5084)
Crossword (ewbk-5086)
Word search (ewbk-5088)

Practical investigation eLogbook Topic 9 Practical investigation eLogbook (elog-0615)
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9.8 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au.

Remember and understand

 1. Describe artificial intelligence and provide two examples.
 2. Outline the similarities and differences between the following.
 a. Embryonic and adult stem cells
 b. Nanotubes and nanowires
 c. Genetically modified and transgenic

 3. Discuss and explain three risks that rovers could face while being on Mars.

Apply and analyse

 4.  a. Describe the issues faced by NASA in colonising Mars. For each issue, list a way to solve that problem 
referring to the concept of terraforming the planet.

 b. In the table, list two problems any human traveller would encounter in their journey or life on Mars. For 
each issue explain the reason for this experience and a potential solution to the problem.

 5. Mars and Earth share a number of similarities. After doing some 
research and comparing the two planets, answer the following 
questions.

 a. List two ways that Earth and Mars are similar. Provide one reason 
each of these similarities exists.

 b. List two ways Earth and Mars are different. Provide one account 
for why each of these differences exists.

 c. Rovers are a type of robot. Explain two features that rovers 
must have in order to have a long life travelling the planet and 
exploring it.

 d. Discuss two advantages of using robots to explore Mars versus 
sending a human mission to do the same task.

 6. Recently a structure resembling a human ear was shown to be 
growing on the back of a Vacanti mouse (another name for a 
laboratory mouse). Explain how this phenomenon came to be. Your 
answer should explain what the object was that was growing on the 
mouse’s back, how it got there, what samples were used to create 
it, how it took its shape and the reason this mouse was used.

Select your pathway

LEVEL 1
Questions
1, 3, 4

LEVEL 2
Questions
2, 5, 8

LEVEL 3
Questions
6, 7, 9, 10

TABLE  Problems related to Mars

Problem Cause Solution

1.

2.
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 7.  Discuss three terraforming techniques that can be used to address several of the issues stopping NASA 
from sending astronauts to Mars. Explain each technique as thoroughly as possible. Use diagrams to help 
you explain the concept and technology used.

Evaluate and create

 8.  Biosensors are currently used in the food industry to measure carbohydrates, alcohols and acids and so 
check the quality of the food being produced. These devices can also be used to check fermentation when 
making certain foods such as beer, yoghurt and soft drinks.

 a. Describe what a biosensor could measure when used in this way.
 b. Biomedical sensors with high sensitivity could make it possible to detect diseases in their early stages and 

are the future of biomedical sciences. List two uses that these sorts of sensors might have.
 c. Explain what the term nanosensors means.
 d. Describe how nanowires and nanotubes improve the functionality of a biosensor. Justify your response.

 9. Select a disease such as paralysis, diabetes, cirrhosis of the liver or 
any other serious illness you would like to see cured and outline the 
following.
 • How stem cells could be used to eradicate the illness
 • How the cells would be sourced and matured
 • The process of specialisation needed
 • How stem cells would be injected into the site
 • How the treatment would unfold for the patient and what outcomes 

they would expect to see
 10. a.  Somatic gene therapy is not yet a reality. It is currently in its 

experimental phase but promises to either treat or prevent serious 
illnesses such as cancer, cystic fibrosis and even heart disease. 
Explain what the treatment is and how it would work.
Your response should consider the following.
 • The definition of a somatic cell
 • Where the genes to cure a given illness would come from
 • How the genes would be inserted
 • Where they would be introduced into the body
 • The name of one biotechnology company that is currently engaging in this line of work
 • One project this company is currently working on
 • How this research could benefit the lives of the recipients of this particular therapy

 b. Gene therapy does not come without risk. Discuss one of the major complications that could emerge from 
the use of this technology and a potential way to solve this problem.

Fully worked solutions and sample responses are available in your digital formats.

Test maker
Create customised assessments from our extensive range of questions, including teacher-quarantined questions.
Access the assignments section in learnON to begin creating and assigning assessments to students.

Resources

eWorkbook Reflection (ewbk-3038)
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RESOURCE SUMMARY Resources

Below is a full list of rich resources available online for this topic. These resources are designed to bring ideas to life, 
to promote deep and lasting learning and to support the different learning needs of each individual.

9.1  Overview
 eWorkbooks

 • Topic 9 eWorkbook (ewbk-5059)
 • Student learning matrix (ewbk-5063)
 • Starter activity (ewbk-5061)

 Video eLesson
 • Nanocoating (eles-4185)

 Practical investigation eLogbooks 
 • Topic 9 Practical investigation eLogbook (elog-0615) 
 • Investigation 9.1: Life in 2050 (elog-0617)

9.2 Endless possibilities
 eWorkbook

 • Inventions and innovations (ewbk-5064)

 Video eLesson
 • Faster computing (eles-1077)

 Weblinks
 • Is AI humankind’s last invention?
 • Facts and statistics on transplants in Australia
 • Organ donation in the United States

9.3 From superheroes to super science
 eWorkbook

 • Science under scrutiny (ewbk-5066)

 Video eLessons
 • Diatoms (eles-4283)
 • The lotus effect (eles-4282)
 • Velcro (eles-4281)

 Practical investigation eLogbook 
 • Investigation 9.2: Using biomimicry to design a car 

(elog-0619)

 Weblink
 • Elon Musk’s plans to colonise Mars

9.4 The nanoworld
 eWorkbook

 • Killer-bot (ewbk-5070)

 Video eLessons
 • Nanobot (eles-4284)
 • Nanofabrication centre (eles-4285)

 Practical investigation eLogbook 
 • Investigation 9.3: Making a spider-bot (elog-0621)

 Weblinks
 • Nanobots propel through the eye
 • The sounds of nanotechnology
 • Translating proteins to music
 • Making music from proteins
 • Vibranium in the real world

9.5 Stem cells
 eWorkbook

 • The uses of stem cells (ewbk-5072)

 Weblinks
 • Scientist mass produces minihearts
 • Stem cells

9.6 Moving to Mars
 eWorkbook

 • Moving to Mars (ewbk-4595)

 Video eLesson
 • Curiosity — a year of discovery (eles-2752)

 Practical investigation eLogbook 
 • Investigation 9.4: Building a cardboard prototype for life 

on Mars (elog-0623)

 Weblinks
 • Space station science
 • Mars 2020 mission overview

9.7 The science quest continues
 eWorkbook 

 • Great ideas and lucky breaks (ewbk-5068)

9.8 Review
 Digital document 

 • Key terms glossary (doc-34966)

 eWorkbooks 
 • Topic review Level 1 (ewbk-5077)
 • Topic review Level 2 (ewbk-5079)
 • Topic review Level 3 (ewbk-5081)
 • Study checklist (ewbk-5083)
 • Literacy builder (ewbk-5084)
  • Crossword (ewbk-5086)
 • Word search (ewbk-5088)
 • Reflection (ewbk-3038)

 Practical investigation eLogbook 
 • Topic 9 Practical investigation eLogbook (elog-0615)

To access these online resources, log on to www.jacplus.com.au.
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