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What do I work on?...

Cosmology: how big is the Universe?
how did it begin?
why is it expanding?
will it expand forever?

Gravitational wave astronomy:
what are black holes and neutron stars?
what happens when they collide?
was Einstein’s picture of gravity correct?

Multi-messenger 
astronomy

SciTech, Perth, Oct 2010
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Debunking “Moon Hoax” theories
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“There is nothing new 
to be discovered in 
physics now. 

All that remains is more 
and more precise 
measurement” (1900)



Lord Kelvin didn’t always get things right….

“Heavier-than-air flying 
machines are impossible.”

1895

“Radio has no future”1897

But he was one of the most influential 
scientists of all time.

1903 “X-rays will prove to be 
a hoax”
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Science:
The intellectual and practical activity encompassing 
the systematic study of the structure and behaviour 
of the physical and natural world through observation
and experiment.

Kelvin’s approach put 
observation & experiment
at the centre – revolution in 
how we teach science, 
from pre-school to PhDs !!

(From the New Oxford dictionary)
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Kelvin believed passionately that:

• Physics is fun

• Physics is fundamental

• Physics is practically useful

“The life and soul of science is its practical application”

• Physics is all around us

“Blow a soap bubble and observe it. You may study it all 
your life and draw one lesson after another…from it.”
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Kelvin’s legacy lives on in new developments today
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• Successful learners

• Confident individuals

• Responsible citizens

• Effective contributors

“Curriculum for Excellence aims to 
achieve a transformation in 
education in Scotland by providing 
a coherent, more flexible and 
enriched curriculum from 3 to 18. 

The curriculum aims to help every 
learner develop knowledge, skills and 
attributes for learning, life and work, 
which are encapsulated in the four 
capacities.
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Planet Earth incorporates
•Biodiversity and interdependence
•Energy sources and sustainability
•Processes of the planet
•Space.

Forces, electricity
and waves
incorporates
•Forces
•Electricity
•Vibrations and waves.

Biological systems 
incorporates
•Body systems and cells
•Inheritance.

Materials incorporates
•Properties and uses of substances
•Earth’s materials

Topical science

How are the 
experiences and 

outcomes structured 
in sciences?
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Key words: “curiosity”,  “concepts”,   “inquiry and investigation”,

“practical techniques”,  “accurate use”,   “impact”,

“creativity”,   “scientifically-literate” citizen.
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Key words: “curiosity”,  “concepts”,   “inquiry and investigation”,

“practical techniques”,  “accurate use”,   “impact”,

“creativity”,   “scientifically-literate” citizen.

Much greater emphasis on method than on specific knowledge
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New Higher Physics

Designed to promote:

• Deeper understanding of the physics
• Greater emphasis on development of skills
• Open ended enquiry
• Appreciation of topical research

Some streamlining of content, but balanced by 
more time on ‘core’ physics  +  development of 
research, communication, collaborative skills.
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Key messages:

• “The students seemed to revel in the more open-ended 
experimental work….less ‘recipe-driven’ laboratory work is 
essential.”

• Weaker preference for “written instructions for experiments”
among AH students.

• The new Higher RP unit should address this disparity
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VIRGO (3km)

AIGO

LIGO Hanford WA
(4km & 2km)

LIGO Livingston LA
(4km)

TAMA (300m)

GEO (600m)
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New Higher Physics modules

Our Dynamic Universe
• Equations of Motion
• Forces, Energy and Power
• Collisions and Explosions
• Gravitation
• Special Relativity
• The Expanding Universe
• Big Bang Theory
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New Higher Physics modules

Particles and Waves
• The Standard Model
• Forces on Charged Particles
• Nuclear Reactions
• Wave Particle Duality
• Interference and Diffraction
• Refraction of Light
• Spectra
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New Higher Physics modules

Electricity
• Electrons and Energy
• Electrons at Work

Researching Physics
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•In 1609 Galileo observed:

• craters of the Moon

• phases of Venus

• moons of Jupiter

• sunspots on the Sun’s disk

• the stars of the Milky Way



http://www.scottishsolarsystem.org.uk
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Even the nearest star shows a 
parallax shift of only 1/2000th the 
width of the full Moon

Parallax Shift
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“Science Fair” projects 
for primary schools:

• West Dunbartonshire
• East Dunbartonshire
• South Lanarkshire
• North Ayrshire
• Glasgow
• Scottish Borders

Organised in collaboration with the 
Scottish Network for Able Pupils.

Projects aim to build:    

investigative skills, critical thinking,   
IT proficiency, presentation skills
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Science Fair Project Format:

Session One  (half-day)
Coordinator (MAH) introduces topic to groups from 6 – 8 schools:

• Range of possible project activities highlighted
• Pupils begin web exploration, via project website
• Q&A with mentors;  groups select provisional activities.

Session Two  (half-day)

• Pupils present their work to other schools, teachers, VIPs, astronomers
• ‘Science Fair’ format:  builds presentation skills, teamwork

Project work carried out in schools  (approx. 6 – 8 weeks)

• Pupils work in a team, supported by mentor (~weekly meetings)
• Additional support from GU scientists via dedicated email address
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ExtraExtra--terrestrial life:terrestrial life:
Is there anybody out there?Is there anybody out there?……

Dr Martin HendryDr Martin Hendry
University of GlasgowUniversity of Glasgow

http://www.astro.gla.ac.uk/users/martin/etlife/



Some ideas and projects to investigate:

1. Grow crystals from evaporating salty water 

The tiny salt deposits seen by 
Opportunity  may have been left 
behind when an ancient, Martian 
salty ocean slowly evaporated away.

You can grow your own salt crystals, 
exploring how they grow, and what 
shapes and crystal patterns they 
make!

Learn how the other evidence found 
by the NASA rovers strongly points 
to past running water on Mars
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Some ideas and projects to investigate:

2. Build your own spectrometer 

The tiny grooves in a CD make its 
surface a good spectrometer –
splitting up light into its colours 
and spectral lines.

Make a spectrometer from a CD 
and a cereal packet, and use it to 
search for the spectral lines in 
sunlight, streetlights and even 
lightbulbs in your home. 

Learn how spectral lines can tell us what stars and planets are made of.
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Some ideas and projects to investigate:

3. Build your own ‘face on Mars’

Make your very own Martian 
‘optical illusion’:  using e.g. 
clay, plasticine or even paper, 
craft a landscape which – in a 
certain light or from a certain 
angle resembles a surprising 
shape – but when seen more 
clearly is nothing out of this 
world!

Learn about other sorts of optical illusions, and how easily fooled our 
brains can sometimes be!
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Some ideas and projects to investigate:

4. Make a scale model of the Solar System

Using everyday items found in 
your home or classroom, build 
a model of our Solar System 
showing how big – and how far 
apart – the Sun and planets 
would be on your chosen scale. 

On the same scale, work out where the nearest stars would be, 
and how long it would take us to travel there.
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Some ideas and projects to investigate:

5. Explore the ‘centre of gravity’ of a see-saw

Investigate the rule that governs how a 
see-saw balances, and test them using 
everyday things:  bags of sugar, packets 
of butter, maybe even yourself!

Find out how this same rule lets us measure the masses of other planets.
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Some ideas and projects to investigate:

6. Find out about ‘hot Jupiters’

Learn more about the very 
large, hot planets we have 
found orbiting other stars.

Why are they so hot?

How do we think they 
formed?

What is happening to their 
atmospheres?

Could we live there?...
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Some ideas and projects to investigate:

7. Learn about the planets that ‘Kepler’ might see!

What makes the Kepler satellite 
special, so that it could find Earth-
sized planets?

How will Kepler tell us the size of 
the planets it finds?

How will we tell what the planets 
are made of?
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Some ideas and projects to investigate:

8. Work out how many ETs there are in our Galaxy

In 1960 astronomer Frank 
Drake devised a formula, now 
called the Drake Equation, to 
calculate how many alien 
civilisations there might be in 
our Milky Way galaxy.

There are lots of parts of the 
formula that we’re unsure 
about, but it is fun (and 
instructive) to predict how 
many ETs we think could 
phone us!
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Some ideas and projects to investigate:

9. Find out how life could be wiped out from space

If life does exist out there, maybe it 
doesn’t last so long…Even on the 
Earth there have been regular 
mass extinctions, and many 
astronomers think they were 
caused by impacts or radiation 
from deep space.

Learn about the different threats from space, what risks they present to us 
here on Earth and what we are doing to protect ourselves!
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Some ideas and projects to investigate:

10. Compose your own message to ET!

If you could talk to an ET, what would 
you say?  How would you describe 
life on Earth?  How would you 
describe your life?...

Learn more about the language of 
mathematics and science used on the 
Voyager ‘Sounds of Earth’ disk.

Think about how you could use this 
language to compose your message.
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Project summary:
• More than 50 schools participated so far

• Wide range of activities undertaken – exploring diverse scientific   
topics:  gravity and forces, materials science, mechanics and 
engineering, colour and spectroscopy, atmospheric pressure and   
evaporation, air resistance, geometry and optical illusions,
radiation, distances and scaling relations.

• Excellent grasp of experimental methodology:   control principle,
importance of reproducibility, documenting of procedures, 
consideration of alternative hypotheses.

• Varied and innovative presentation styles:   laptops, short video  
segments, demonstrations, models, posters, etc…

• The participants had fun!
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So how do we build on IYA2009 for the 
new Physics curriculum?...  

• Mixture of ‘nuts and bolts’ and high concept material

• Emphasis on methods and ideas rather than specific 
latest results  (c.f. lessons of technology modules)

• Recognition of limited lab resources + make a virtue of 
Kelvin’s legacy

• Provision of a range of support for teachers: UG and 
PG ambassadors, training workshops, Astrosocs

• Harness topics from popular culture.
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“All science is either physics or stamp collecting”
Ernest Rutherford
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Special Relativity:
James Clerk Maxwell’s theory of light

Light is a wave (caused 
by varying electric and 
magnetic fields) 
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But what if I travelled 
alongside a light beam?  
Would it still wave?
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“What fraction of the cars in the 
car park are red?...”
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So how do we build on IYA2009 for the 
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Linking to Dark Sky Discovery Community-based events
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Scientific American, July 2010. (Tamara Davis, UQ)
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