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Introducing Einstein’s Universe:
Exploring Relativity and Cosmology at High School

Dr Martin Hendry

Astronomy and Astrophysics Group, Institute for Gravitational Research
School of Physics and Astronomy, University of Glasgow
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Who am I?..

Senior Lecturer,
Director of Teaching
in the Department of
Physics & Astronomy

(the Kelvin Building)

William Thompson
(Lord Kelvin)
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What do I work on?...

COSlT\OlOgy: 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?
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Public Engagement and Outreach

~ World
Science
Festival
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The Copernican Revolution
Exploring the Solar System

Finding Extra-Solar Planets
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2001

Getting the Measure of
the Universe

Sun and Moon,
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Sacred Sites and the
Archaeo-Astronomical
Work of Alexander Thom
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Putting the Iron in
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What if the Moon
Didn’t Exist?

The Physics
of
Star Wars
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Debunking “Moon Hoax™ theories Mﬂ.ﬂ ON
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Science & Technology
@ Facilities Council

Excellence with Impact - part of Research Councils UK Lag in | Sign up

About STFC Business & Innovation Funding & Grants Sites & Facilities Chur Research Public & Schools

aperate Collaborate with STFC i g=3 A guide to STFC ] o of programmes Engaging the public

Home > Funding and Grants = Fellowships = Science and society tellowships = Current Science in
Funding and Grants Selel ettt

Funding Allocations Current Science in Society Fellows

Fellowships

Joint Grant Scheme Dr Martin Hendry

: : achoal ot FiysIcs and Astranamy, University ar Glasgow - EXploring the Dark Side or the Unkverse: an
Funding far Public Engagemsant Integrated Programme of Astronarmy Outreach for Schoals and the Public
Research Grants

The fact that 25% of the cosmos appears to consist of unseen matier and energy, which is driving the

accelerated expansion of the Universe, iswidely regarded as one of the most starting discoveries - and biggest

Business and Innovation unsakved mysteres - in all or science. Dr Hendry will iInspire audiences who would not nommally engage with

Research in industry funding science, to conwey the EHcltement and |mpI||:at|_|:-na of recent.cusmuluglc_al discoverie s and explainin a clear and
engAaging way both what we know about the universe and biow we know it

Fostgraduate Studentships

D Maggie Aderin
Eu Printer-friendly Science and Technology Studies, University College London and EADS Astrium - Monsters in the Laborstory
and Cosric Safar

A series of promotional events to mark the International Year of Astronormy, covers Climate Changz, what space
canteach us about Flanet Earth, working with B8C and Teachers T o produce a series of inspirational and
informative programmes related to space science, and marny public talks & school visits.
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Who am I?..

Senior Lecturer,
Director of Teaching
in the School of
Physics & Astronomy

(the Kelvin Building)

“There 1s nothing new

to be discovered in
physics now.

All that remains 1s more
and more precise
measurement” (1900)

William Thompson
(Lord Kelvin)
1824 - 1907

SciTech, Perth, Oct 2010



Lord Kelvin didn’t always get things right....

1895 “Heavier-than-air flying
machines are impossible.”

1897 “Radio has no future”

1903 “X-rays will prove to be
a hoax”

But he was one of the most influential
scientists of all time.
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[S cience: (From the New Oxford dictionary)

The intellectual and practical activity encompassing
the systematic study of the structure and behaviour
of the physical and natural world through observation

Qnd experiment. Y,

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

M Universit
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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.”

[ Kelvin’s legacy lives on in new developments today ]
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“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.

curriculum for excellence:

sclences
- Confident individuals experiences and outcomes

* Successful learners

- Responsible citizens

- Effective contributors -
¥ Scotiand HMIle

SCOTTISH COVERNMENT improving Scottish education

SciTech, Perth, Oct 2010



curriculum for excellence S A ——

*Energy sources and sustainability
*Processes of the planet

*Space.
ForceS, electriCity HOW are the Biological Systems
_and waves experiences and incorporates
incorporates outcomes structured Body systemsand cells
*Forces ) ~ - *Inheritance.
'EleCtFICIty IN sciences:
*\Vibrations and waves.
Materials incorporates . .
Topical science

*Properties and uses of substances

«Earth’s materials -

SciTech, Perth, Oct 2010




Sciences
Experiences and outcomes

The sciences framework provides a range of different contexts for learning which draw on important aspects of everyday life and work.
Learning in the sciences will enable me to:

develop curiosity and understanding of the environment and my place in the living, material and physical world
demonstrate a secure knowledge and understanding of the big ideas and concepts of the sciences

develop skills for learning, life and work

develop the skills of scientific inquiry and investigation using practical techniques

develop skills in the accurate use of scientific language, formulae and equations

apply safety measures and take necessary actions to control risk and hazards

recognise the impact the sciences make on my life, the lives of others, the environment and on society
recognise the role of creativity and inventiveness in the development of the sciences

develop an understanding of the Earth’s resources and the need for responsible use of them

express opinions and make decisions on social, moral, ethical, economic and environmental issues based upon sound understanding
develop as a scientifically-literate citizen with a lifelong interest in the sciences

establish the foundation for more advanced learning and future careers in the sciences and the technologies.

. & & & & & & & & & @
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Sciences
Experiences and outcomes

The sciences framework provides a range of different contexts for learning which draw on important aspects of everyday life and work.

Learning in the sciences will enable me to:

* develop curiosity and understanding of the environment and my place in the living, material and physical world
* demonstrate a secure knowledge and understanding of the big ideas and concepts of the sciences
+ develop skills for learning, life and work
+ develop the skills of scientific inquiry and investigation using practical techniques
+ develop skills in the accurate use of scientific language, formulae and equations
+ apply safety measures and take necessary actions to control risk and hazards
* recognise the impact the sciences make on my life, the lives of others, the environment and on society
* recognise the role of creativity and inventiveness in the development of the sciences
* develop an understanding of the Earth’s resources and the need for responsible use of them
*  express opinions and make decisions on social, moral, ethical, economic and environmental issues based upon sound understanding
+ develop as a scientifically-literate citizen with a lifelong interest in the sciences
+ establish the foundation for more advanced learning and future careers in the sciences and the technologies.
Key words: “curiosity”, “concepts”, “inquiry and investigation”,

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

“creativity”, “scientifically-literate” citizen.
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Sciences
Experiences and outcomes

The sciences framework provides a range of different contexts for learning which draw on important aspects of everyday life and work.

Learning in the sciences will enable me to:

* develop curiosity and understanding of the environment and my place in the living, material and physical world
* demonstrate a secure knowledge and understanding of the big ideas and concepts of the sciences
+ develop skills for learning, life and work
+ develop the skills of scientific inquiry and investigation using practical techniques
+ develop skills in the accurate use of scientific language, formulae and equations
+ apply safety measures and take necessary actions to control risk and hazards
* recognise the impact the sciences make on my life, the lives of others, the environment and on society
* recognise the role of creativity and inventiveness in the development of the sciences
* develop an understanding of the Earth’s resources and the need for responsible use of them
*  express opinions and make decisions on social, moral, ethical, economic and environmental issues based upon sound understanding
+ develop as a scientifically-literate citizen with a lifelong interest in the sciences
+ establish the foundation for more advanced learning and future careers in the sciences and the technologies.
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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i Q]FGlangW SciTech, Perth, Oct 2010 @




}\(SQA 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 skKills.

University i
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}\(SQA 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 skKills.
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}\{SQA 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 skKills.
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Perceptions, views and opinions of university students about
physics learning during practical work at school

P. H. Sneddon’. K. A. Slaughtef and N. Reid’
: Department of Physics and Astronomy, University of Glasgow, Glasgow. G12 8QQ
“ School of Physics and Astronomy. University of Edinburgh. Edinburgh, EH9 3JZ

Abstract

The teaching of physics through practical experiments has long been an established practice. It forms a key
compenent of teaching of that subject at both school and university level. As such, students have strong views
of this method of teaching. This paper reports on the view of undergraduate physics students in relation to their
experiences of practical phvsics at school. 300 students across three Higher Education Institutions were
surveved to determine their perceptions, views and opinions 1n this area. This paper mnitially presents the overall
views of the students, and then looks in more detail at the effect the different levels to which students took the
subject at school affected those views. Specifically, students who took Advanced Higher vs Higher are
compared. as well as those who took Advanced Higher vs A-level. Companson was also made between the
responses of female and male students. The general picture 1s very encouraging, with students broadly
appreciating the practical side of physics.
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Perceptions, views and opinions of university students about
physics learning during practical work at school

P H. Sneddon’. K. A. %l’iLlEJltEl and N. Reid'
Depamneu‘r of Physics and Astronomy, University of Glasgow, Glasgow. G12 8QQ
? School of Physics and Astronomy. University of Edinburgh, Edinburgh, EH9 3JZ

Table 7. Practical work as an integral part of the physics course.

Statement Toral %

A Physics 15 a practical subject. 30.6

B: Experiments illustrate theory for me, 68.1 _
C: Experimental work allows me to test out 1deas. 348

D: Experiments assist me to plan and organise. 8.4

E: New discoveries are made by means of experiments. 48

F: Experimental skills can be gained in the laboratory. 292

G: Experimental work allows me to think about physics 534 _
H: Experimental work makes physics more enjovable for me. 276

' Umver51ty -
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Perceptions, views and opinions of university students about
physics learning during practical work at school

P. H. Sneddon’. K. A, .%']Langllt»ef2 and N. Reid'
: Department of Physics and Astronomy, University of Glasgow, Glasgow. G12 8QQ
“ School of Physics and Astronomy. University of Edinburgh. Edinburgh, EH9 377

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

A University i
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}\(SQA 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 skKills.

University i
(fGlasgow SciTech, Perth, Oct 2010 Saceoy




LIGO Hanford WA

TAMA (300m)
(4km & 2km)

LIGO Livingston LA & AIGO

GEO (600m)

VIRGO (3km)
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}\(SQA 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

Universit .
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}\(SQA 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

A University -
of Glasgow &ace, B
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}&SQA New Higher Physics modules

Electricity

* Electrons and Energy
 Electrons at Work

Researching Physics

University i
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}&SQA New Higher Physics modules

Researching Physics

OUTCOMES

. Research the physics underlying a topical 1ssue to a given brief.

b

Plan and carry out investigative practical work related to a topical 1ssue in
physics.

Lad

Prepare a scientific communication which presents the aim. results and
conclusions from a practical investigation related to a topical 1ssue in physies.

A University
of Glasgow
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}\(SQA 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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s THE UNIVERSE

YOURS TO DISCOVER

INTERNATIONAL YEAR OF

ASTRONOMY

2009
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°ln 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
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IYA2009 :: Scottish Solar System Scottish Solar System - Mozilla Fi

History  Bookmarks Tools Help

File  Edit
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|8 Most Visited ’ Getting Started |5 | Latest Headlines

THE

SOLAR SYSTEM

UNIVERS Welcome to the Scottish
iSTO D Solar System!

IYAZ00S dis

2009 is International Year of forum

Astronomy. IYAZ003 newsletter

INFORMATION ABOUT

Getting started with
astronomy

Astronomers at Glasgow University
and Glasgow Science Centre are
teaming up to promote an exciting
programme of public astronomy
events throughout Scotland.

Scottish astronomy
groups and societies
Working closely with the Dark Sky ;;:z:fm’ Bt e
Scotland project, and with
astronomy groups and societies
across the country, we are
coordinating a range of events for
schools and the public during

Astronomy on the web

EXTERNAL LINKS

nIversity
of Glasgow

Welcome Spring Moonwatch Week: March

What is the Scottish Solar | 28th - April 4th 2009.

System? r-\
Interactive events map From dark sky observing to public lectures and exhibitions, our activities will offer P
Py Sl Syereh somethll.ng fcnll' everyone, and together will create our very own scale model of the glasgow e -
events calendar Solar System! science k/
Projects for schools With Glasgow Science Centre representing the Sun, astronomy events will take centre
[¥A2009 UK homepage place on 'planets’, 'moons’ and 'asteroids’ all across the country - from Shetland to

The World at Night project = Stranraer.

Contactin Click on our map to find events in your area

Or why not organise your own events for International Year of Astronomy 20097

http://www.scottishsolarsystem.org.uk
University
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from the Society for Popular Astronomy

HOME
ABOUT THE MOON
About the
Moonwatch
Weeks 2009

SCHOOLS' TELESCOPE

MOONWATCH

The phase of the
Moon right now

Put these dates in your diary!

Mare Crisium

courtesy
U. S, N. 0.

First quarter Moon

MoonWatch weeks
Spring MoonWatch 28 March - 5 April

Autumn MoonWatch 24 October - 1 November

Schools MoonWatch 19 - 29 November
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View {rom the Earth in Jonuary

Even the nearest star shows a
parallax shift of only 1/2000t" the
width of the full Moon

Yiew frosm thie Earth in Juby

Umver51ty e
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‘The Moon as seen frbm Perth, Scotland” -
.6pm local time, on 30t November 2009

*
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The Moon as seen from Perth, Western Australla ;
2am local time, on 1-“*l Deoember 2009 :

Electral *

- Angle between the Moon’s centre and EIeCtra =12 degrees
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-7 Scottish Solar System :: IYAZ009 :: Projects for Schools - Mozilla Firefox
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UNIVERSE
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2009

welcorne and homepage

Scottish Solar Systermn
owerview and map

Scottich Zalar Syetam
poster

Scottish Solar System
events calendar

Projects for schools
Ira2009 UK homepags
The world at Might project

Contact us

University
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et | @: htkp: fhenan, astro gla.ac, ukfusers)martingsssfsss_schools, bl kg

.@ Record Audio 28 Convert ¥ Play i) Sattings

THE

SOLAR SYSTEM

Astronomy Projects for Schools

In 2009 astronomers across the UK are supporting a variety of
projects for schools,

For oxample tho Society for Popular Astronomy, in collaboration
with the Royal Astronomical Society and the Science and
Technoloay Facilities Council. has launched the Telescopes for
Schools project,

This inttiative has placed a 70mm refractor telescope to about 1000
Uk secondary schools, including more than 100 in Scotland, to help
inspire young people with the wonders of the night sky

Coming Summer 2009: support for autumn schools projects on the Moon and Jupiter!

""Science Fair' projects for Primary Schools

As part of the Scottish Solar Systemn, Glasgow University astronomers are
running a series of scence projects for primary schoals, in collaboration with
the Scottish Network for Able Pupils.

From Shetland to the Scottish Borders, pupils are investigating ™Moon hoax
conspiracy theories, and the search for Life on other planets, Participating
groups carry out their own research, assisted by their teacher and Glasgow
University astronomers, and atthe end of the project the groups present
their work at a scienca Fair,

Ve are also developing Moonwatch projects that will link primary and
secondary schools in Scotland and Western Australia.

To find out more about I¥A2009 schools projects, please contact us,

SciTech, Perth, Oct 2010

LATEST NEWS

Upcoming events
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farum

[TAZO0% newsletter

IMFORMATIOM ABOUT

Getling =tarted with
astronomy

Scattish astronomy
groups and socisties

Astronorny projects for
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“Science Fair” projects
for primary schools:

* West Dunbartonshire
East Dunbartonshire
South Lanarkshire
North Ayrshire
Glasgow

Scottish Borders

Extra-terrestrial life:
Is there anybody out there?..

Did we really 1and
Organised in collaboration with the on the Moon?...

Scottish Network for Able Pupils.

Projects aim to build:

investigative sKills, critical thinking,
IT proficiency, presentation skills

A Universit
of Glasgovz
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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.

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

Session Two (half-day)

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

' Umver51ty -
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Extra-terrestrial life:
Is there anybody out there?..

Dr Martin Hendry
ﬁhﬂfgﬁ"b‘* ity of 4Glasgov gy
— Y T : s

s http:IIW\-Nw.astro.gIa.ac.uklus"erslmartinletlife/

]
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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

| University i
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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.

A University
of Glasgow iy

SciTech, Perth, Oct 2010



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
i s e o ko ot S S S S == world!

Learn about other sorts of optical illusions, and how easily fooled our
brains can sometimes be!

Umver31ty
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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.

Unaiversit
i y sorn [T )
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Some ideas and projects to investigate:

S. 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!

100 kg

Find out how this same rule lets us measure the masses of other planets.

Q]FG angW SciTech, Perth, Oct 2010
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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?...

A University L e
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Some ideas and projects to investigate:

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

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

NASA's first
mission capable

of finding Earth-size * = W T _ i | How will Kepler tell us the size of
and smaller planets : b o
the planets it finds?

How will we tell what the planets
are made of?

' Umver51ty - I .
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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!

' Umver51ty
of Glasgow
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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!

A University
of Glasgow

SciTech, Perth, Oct 2010



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.

' Umver51ty . B
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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!

Umver51ty
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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

University i
OfGlangW SciTech, Perth, Oct 2010
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So how do we build on IYA2009 for the
new Physics curriculum?...

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

A University .
of Glasgow R,
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Cosmic tug of war

The force of dark energy surpasses
that of dark matter as time progresses.

\\\\\\

\))J)/JJ////////

- Dark Matter
constrains

Lo ,A
— i
iy

! Dark Energy
|

BIG BANG

' Umver51ty
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The Standard Model

QUARKS

)
@ -
Ganarations of Mattar

Electromagnetism:
mediated by photon

Y

Uncertainty principle:
AEAt~h and E=mc?

Photon is massless
— force is infinite range

“All science is either physics or stamp collecting”

Ernest Rutherford

SciTech, Perth, Oct 2010
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Special Relativity:
James Clerk Maxwell’s theory of light
o Y

Light is a wave (caused

by varying e/ectric and

magnetic fields)

*; Umver31ty i
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- N
But what if I travelled

alongside a light beam?
Would it still wave?
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So how do we build on IYA2009 for the
new Physics curriculum?...

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

A University e
of Glasgow tacm, 8 k)
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@4 Project CLEA

GUNCMOCOY | oY
Evpasiaros b haluorasy

WELCOME TO PROJECT CLEA!

BECOME A FAN ON FACEBOOK(click here)

for the latest news and CLEA users' discussions

IMPORTANT INFORMATION ABOUT CLEA AND WINDOWS VISTA and WINDOWS 7---CLICK HERF

Droject CLEA - CONTEMPORARY LABORATORY EXPERIENCES IN ASTRONOMY - develops laboratory exercses that illustvate modein astronondeal technignes nsmg
digital data and color images. They are suitable for high- school and college classes at all levels, but come with defaults set for use in mtroductory astronomy classes for non-

science majors. Each CLEA laboratory exerase mcludes a dedicated computer program, a student manual, and a techmcal guide for the mstimctor. The teclmcal gmides descnbe

file formats, user-settable options, and algorithms wsed in the programs. The most advanced CLEA labs run under the latest versions of Windows on PC's (see note below
regarding Vista and Windows 7), or under Wmdows ewmulation on Macmtosh computers.

NOTE: Thas website 15 designed prunanly te distribute seftware te teachers and system admmstrators. It 1s not set up for on-lme use of the exercises. If yvou are an indivadual
using CLEA software in a class, you may find that downloadng files and documentation is a bit invelved and requires some sophistication in the use of computers. Consult your
mstuctor if yon are having difficnlty dewnloadmg or mstallme, smee he or she should be famathar with the patieular cpemmstances of using CLEA software at your particular
mstitution. However, for all users, general mstructions on dewnloading smd mstallimg can be found on this website and in the CLEA technieal manunals. Thanks for your mtere st m

Project CLEA and we loolk forward to hearing from you with comments and suggestions!

NEWS:

WORESHOFP on Astronemical Research teclmiques for Astronomy Teachers, June 17-26, 2010 (check our "worlishops" page)

University i
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Angular Scale
90° 20 0.5° 0.2°

TT Cross Power
Spectrum

— A-CDMAIlData
3 WMAP

3 cal

3 ACBAR

“What fraction of the cars in the
car park are red?...”

i ié University
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So how do we build on IYA2009 for the
new Physics curriculum?...

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

A University e
@ o £ . [
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STEM Ambassacdors

A Universit
of Glasgovz
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STEM Networking - News

"aGience and technology are increasingly vial in the
wiowic! foday and the study of these subjects benefis aif
of Ls whether we realize § or nof. Seiontists e me have
& vary Important role fo piay ininspiring fhe nexd
generafion fo see these areas as exciiing — hath throligh
sharing experehoas ahd offering young peopie fhe
chanee o oef wolved In practical wark (0 g real-ife
soieriific environment. *

Lord Professor Robert Winston, a supporter of
STEMMET's Ambassadors programme

SciTech, Perth, Oct 2010

Log in

STEMHNET creates opportunities

to inspire young people in zearch website L @) )
science, technology, engineering and maths

. Resources « Contact us A A"

STEM

AMBASSADORS
LLUMINATII
FUTURES

0 sHAre o B0 A7

Who are STEM Ambassadors
What do STEM Ambassadors do
Frequently asked queastions
Benefits of the programme
Activity case studies

Videos
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Linking to Dark Sky Discovery Community-based events

&) Dark Sky Discovery - Mozilla Firefox

File Edit ‘Wew History Bookmarks Tools  Help

@ - c B |j hittp: /e darksky discovery .org.ukf

A 0 .
7 | =g~ odcasts
Back arna Reload Of Home = i ' - =

|j Dark Sky Discovery

|

Welcome...

Welcome to the website for the Dark Sky Discovery project.

The UK has some of the darkest skies, and also some of the most light polluted
skies in Europe, but no matter where you are, there is always somewhere where
you can enjoy a good view of the night skey.

This project is linking organisations, individuals and resources in each part of
the UK into Dark Sky Partnerships. These partnerships are delivering astronomy
events throughout the UK during the International Year of Astronomy 2009,

The Dark Sky Discovery project is based on some aspects of the highly
successful Dark Sky Scofland project. Each of the new Dark Sky Partnerships will
run similar activities in 2009, and as each Partnership gets up and running, you
THE UNIVERSE can link to their details and events using the map.

ASTRONOMY

2009

1versity
of Glasgow

2
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Scientific American, July 2010. (Tamara Davis, UQ)

Doppler shift calculated
fram comparing velocities

L Observer's velodty

In spacetime

Space In the presant

_ Photon's trajectory
Inspacetimea

-
Galay's welodty '_

In spacetime
-

Space at the time of photon amission

GALAXY REDSHIFT AS A DOPPLER SHIFT

Agalaxy's redshift is identical to the Doppler shift an observer would see emitted the photon (purple armow) with the velocity of the observer at the
when watching a police car recede at the same relative velocity as the time when the photon was received (green arrow) and then—using the
galaxy—as long as "relative velocity” Is Interpreted in the appropriate appropriate math derived from general relativity—calculate the relative
way. First, one must trace the trajectories of the galaxy and of the observer  velocity. The Doppler shift calculated from this relative velocity coincides
not in space but in spacetime. (In the schematic view here, space s an with the galaxy’s redshift, suggesting that the galaxy's redshift can be
evolving two-dimensional surface; spacetime trajectories cut through it.) interpreted as the result of relative motion, rather than of the expansion
Second, one must compare the velocity of the galaxy at the time when it of space. Therefore, no energy s lost.




So how do we build on IYA2009 for the
new Physics curriculum?...

Harness topics from popular culture.

A University B
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