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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)
1824 - 1907
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What do I work on?...

COSf\'\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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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 ar F'h"_,’SII:S and ASII’DHDI’I’-"_-,-’, UHIVEI’SID_-,-’ or GIESQDW - EH[CIIEII’IFIQ the Dark side ar the LINkerse: an
Funding for Public Engagerment [ntegrated Programme of Astronarmy Jutreach for Schools and the Fublic
Fesearch 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, tp conwey the exciternent and |mpI||:at|_|:|na of recentcusmuluglc_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
a Printer-frizndly Science and Technology Studies, University College London and EADS Astrium - Monsters in the Laboratory
and Cosmic Safari

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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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.”
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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:
sciences

experiences and outcomes
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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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}&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.

B University
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}\(SQA New Higher Physics modules

Our Dynamic Universe

SUPA H):

Equations of Motion
Forces, Energy and Power
Collisions and Explosions
Gravitation

Special Relativity

The Expanding Universe
Big Bang Theory

Selkirk High School, Nov 2010
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}\(SQA New Higher Physics modules

Particles and Waves

SUPA H):

The Standard Model

Forces on Charged Particles
Nuclear Reactions

Wave Particle Duality
Interference and Diffraction
Refraction of Light

Spectra

Selkirk High School, Nov 2010
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}&SQA New Higher Physics modules

Electricity

* Electrons and Energy
 Electrons at Work

Researching Physics

B University
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}&SQA New Higher Physics modules

Researching Physics

OUTCOMES
1. Research the physics underlying a topical 1ssue to a given brief,
2. Plan and carry out investigative practical work related to a topical 1ssue in
physics.
3. Prepare a scientific communication which presents the aim. results and

conclusions from a practical investigation related to a topical 1ssue in physics.

University
of Glasgow

i
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Outline of this session

» Update on current developments in cosmology
and astrophysics

* Discussion of possible themes / approaches
for Researching Physics module.

« Plan for turning ideas into practical exercises.
(Timescale: late spring 2011. Any willing
‘road testers’?...)
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A long time ago,

In a galaxy far, far away...
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State of the Universe — Nov 2010
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National Course Specification: course details (Proposed Unit)

Higher Physics: Our Dynamic Universe

6. The expanding Universe

a) The Doppler Effect and redshift of The Doppler Effect is observed in sound and light. For sound, | D
galaxies. the apparent change in frequency as a source moves towards
or away from a stationary observer should be investigated. ing a moving sound source and datalogger. Applications
The Doppler Effect equations used for sound should not be de measurement of speed (radar), echocardiogram and
used in the case of light from fast moving galaxies. This i asurement.
because of relativistic effects.
The redshift of a galaxy is the fractional difference
the observed wavelength and the wavelength th:;
observed if the object were standing still. Fo;
redshift is the ratio of the velocity of the galaxy
of light.

Effect in terms of terrestrial sources e.g. passing
ulances. Investigating the apparent shift in frequency

b) Hubble’s Law. Hubble’s Law shows the relationsh
velocity of a galaxy and its distance

easuring distances to distant objects. Parallax

measurements and data analysis of apparent brightness of

standard candles.

An astronomical perspective may be gained by consideration

in terms of kms™ per million light years.

¢) Evidence for the expanding Universe. Data analysis of measurements of galactic velocity and

distance.

slows dow: ansiox g e aly The unit ‘Particles and Waves’ includes an investigation of

the inverse square law for light. Centres may wish to include

s of galaxies lead to the conclusion this activity in this topic.

s which cannot be detected — dark

The history of how we learned the structure of the Milky
ansion rate of the Universe lead to Way, including its size and the average density of stars is a

he expansion rate is increasing, suggesting | useful way to approach estimating the mass of a galaxy.

mg that overcomes the force of gravity — This avoids reference to estimating mass using rates of

rotation.

The work of Einstein and in particular his description of his
‘greatest blunder’ is a useful way to explore the concept of
dark energy.
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Edwin Hubble
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The Cosmic
diStanCe Iadder g-afi!{:]‘,'ﬂillil;ters

nearby galaxies

1071
Milky Way i
10%1
nearby stars ( y)
T
solar system (10°1y) “
(10 % ly)
Venus oo E [ . :Jhiwd;aaré
qa e -'j.';'::'F”b"''”"'r Sun ' l EE .?'5:“‘ E I
- iy BEl s
radar ranging % - | r— ’
parallax surface temperature (K) K —
main-sequence Tully-Fisher
fitting relation
Cepheids
distant
standards

B University
o/ of Glasgow

Selkirk High School, Nov 2010



View from the Earth in January

Earth in July Nearby star

View from the Earth in July

Sun . Earth in January



We can use the Inverse-Square Law

Apparent brightness, or flux, falls off with the square of
the distance, because the surface area of a sphere
increases with the square of its radius
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Tinme Time

The brighter the Cepheid, the longer it takes to pulsate.

So by measuring a Cepheid’s pulsation period
we can estimate its true brightness
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i "i § . 1922: Hubble finds
m;‘w Likir s Cepheids in the Great
P Nebula in Andromeda
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Hubble measured dlstances to i

dozens of nearby nebulae
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millions of light

- years distant




Hubble also measured
the shift in colour, or

, of the light
from distant galaxies.
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Hubble also measured
the shift in colour, or

, of the light
from distant galaxies.

Laboratory
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Hubble also measured
the shift in colour, or

, of the light
from distant galaxies.

Laboratory

QBJECT RECEDING: QBJECT APPROACHING:
LONG RED WAVES SHORT BLUE WAVES

WA
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Hubble’s Law
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How fast is the Universe expanding?

Hubble space Telescope
Key Project: 1990-2000

Cepheid distances to ~30
galaxies, linking to other
standard candles : )
B University
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How fast is the Universe expanding?
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Hubble space Telescope
Key Project: 1990-2000

Cepheid distances to ~30
galaxies, linking to other
standard candles : )
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Will the Universe expand forever?

Answer depends on the amount of matter in the Universe.

Matter density too low;
Universe expands forever

P

‘Critical’ density

Scale factor ——=

Density high enough to cause re-
/ collapse, leading to ‘Big Crunch’

Time —————

B University
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eighing the Universe

The APM Galaxy survey

Maddox Sutherland Efstathiou & Loveday

]

B University

IGRT of Glasgow

Selkirk High School, Nov 2010




Weighing the Universe
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National Course Specification: course details (Proposed Unit)

Higher Physics: Our Dynamic Universe

6. The expanding Universe

a) The Doppler Effect and redshift of The Doppler Effect is observed in sound and light. For sound, | D
galaxies. the apparent change in frequency as a source moves towards
or away from a stationary observer should be investigated. ing a moving sound source and datalogger. Applications
The Doppler Effect equations used for sound should not be de measurement of speed (radar), echocardiogram and
used in the case of light from fast moving galaxies. This i asurement.
because of relativistic effects.
The redshift of a galaxy is the fractional difference
the observed wavelength and the wavelength th:;
observed if the object were standing still. Fo;
redshift is the ratio of the velocity of the galaxy
of light.

Effect in terms of terrestrial sources e.g. passing
ulances. Investigating the apparent shift in frequency

b) Hubble’s Law. Hubble’s Law shows the relationsh
velocity of a galaxy and its distance

easuring distances to distant objects. Parallax
measurements and data analysis of apparent brightness of
standard candles.

An astronomical perspective may be gained by consideration
in terms of kms™ per million light years.

¢) Evidence for the expanding Universe. Data analysis of measurements of galactic velocity and
distance.

slows dow: ansiox g e aly The unit ‘Particles and Waves’ includes an investigation of
the inverse square law for light. Centres may wish to include
s of galaxies lead to the conclusion this activity in this topic.

s which cannot be detected — dark

The history of how we learned the structure of the Milky

ansion rate of the Universe lead to Way, including its size and the average density of stars is a
he expansion rate is increasing, suggesting | useful way to approach estimating the mass of a galaxy.
mg that overcomes the force of gravity — This avoids reference to estimating mass using rates of
rotation.

The work of Einstein and in particular his description of his
‘greatest blunder’ is a useful way to explore the concept of
dark energy.

. R

B Universit
4 of Glasgog

Selkirk High School, Nov 2010




More than meets the eye?...

Fritz Zwicky

1933: finds evidence
for dark matter in the

Coma galaxy cluster

— @ University
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Weighing the Solar System

Weretny

L
Earth

@ University
& of Glasgow

Selkirk High School, Nov 2010



Weighing the Solar System
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Weighing galaxies

Vera Rubin

1970s: studies the
rotation curves of
spiral galaxies, and

finds that they are flat.

Selkirk High School, Nov 2010
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Weighing galaxies
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Vera Rubin 50

1970s: studies the
rotation curves of
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finds that they are flat.
y R (kpc)

X Observed rotation curve |

Rotation curve predicted 1
from luminous matter
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Can be explained if

the visible galaxy iIs

embedded in a ‘halo’
of dark matter
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" Distance from the Galaxy Centre (kpc)

Typical size of
galaxy disk




What we see

10 times as much as
the luminous matter
in the visible galaxy

What we think is
really there....




National Course Specification: course details (Proposed Unit)

Higher Physics: Our Dynamic Universe

7) Big Bang Theory

a) The temperature of space and stellar Thermal Radiation Spectra depend only on temperature. Hot

objects. objects emit light with a shorter wavelength. The emitted
power also depends on temperature. Thermal emission pe
allow the temperature of stellar objects to be measured.

mote sensing of temperature. Investigating the
perature of hot objects using infrared sensors.

b) Evidence for the Big Bang. The Universe cools down as it expands. The peak
of the measured cosmic microwave backgroun 1 measurement.
to the theoretical peak predicted after the Bi; Other evidénce for the Big Bang includes the observed

abundance of the elements hydrogen and helium and the
darkness of the sky (Olber’s Paradox).

University
of Glasgow
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1980s: Cosmic Cookery

Lightest elements
made during first 3
minutes after the
Big Bang...
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1980s: Cosmic Cookery

Amount of each
element depends
on the density of
baryons.
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1980s:

Amount of each
element depends
on the density of
baryons.

Observed amounts
match predictions
very well, but only
if baryons make up
about 15% of all
the dark matter.

Cosmic Cookery
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So what exactly is
this dark matter?...

Computer models
of galaxies tell us
that it must be cold
—i.e. not moving
very fast.

Cold
dark matter

Millennium Run-.
10.077.696.000" particles .~ |

Selkirk High School, Nov 2010
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So what exactly is
this dark matter?...

Computer models
of galaxies tell us
that it must be cold
—i.e. not moving
very fast.

Cold
dark matter

Selkirk High School, Nov 2010
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So what exactly is
this dark matter?...

Computer models
of galaxies tell us
that it must be cold
—i.e. not moving
very fast.

Cold
dark matter
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Will the Universe expand forever?

Answer depends on the amount of matter in the Universe.

Matter density too low;
Universe expands forever 4 )

\ So, is the
expansion
\

- | slowing down?
‘Critical’ density K )

Scale factor ——=

Density high enough to cause re-
/ collapse, leading to ‘Big Crunch’

Time —————
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The Cosmic
diStanCe Iadder g-afi!{:]‘,'ﬂillil;ters

nearby galaxies
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Is the Universe speeding up or slowing down?
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Distant Supernovae HST « WFPC?2
PRC98-02 « January 8, 1998 « ST Scl OPO
F. Garnavich (Harvard-Smithsonian Center for Astrophysics) and NASA




Hubble diagram of distant supernovae

‘Slowing down’ model
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Cosmic tug of war

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

ka1l

Dark Matter
constrains

S

Dark Energy
repels

AANANANANNA A
ISIIIVISTIVIINIS

BIG BANG
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HST04Sas HSTO04Yow HSTO04Zwi HSTOSLan HSTOSStr

Host Galaxies of Distant Supernovae
Hubble Space Telescope = Advanced Camera for Surveys

NASA, ESA, and A. Riess (STScl) STScl-PRC06-52
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Latest results: still speeding up!!!

Supernova Cosmology Project

46

Amanullah, et al., Ap.J. (2010)
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National Course Specification: course details (Proposed Unit)

Higher Physics: Our Dynamic Universe

7) Big Bang Theory

a) The temperature of space and stellar Thermal Radiation Spectra depend only on temperature. Hot

objects. objects emit light with a shorter wavelength. The emitted
power also depends on temperature. Thermal emission pe
allow the temperature of stellar objects to be measured.

mote sensing of temperature. Investigating the
perature of hot objects using infrared sensors.

b) Evidence for the Big Bang. The Universe cools down as it expands. The peak
of the measured cosmic microwave backgroun 1 measurement.
to the theoretical peak predicted after the Bi; Other evidénce for the Big Bang includes the observed

abundance of the elements hydrogen and helium and the
darkness of the sky (Olber’s Paradox).

University
of Glasgow

Selkirk High School, Nov 2010



The Background Radiation

Since 2003, measurements of the Cosmic Background
Radiation have helped to convince us that the Universe
really is accelerating, and dominated by dark energy.

CBR = relic
radiation from the Big
Bang itself.

Appears to us like a
‘bank of fog’

¥ University
o/ of Glasgow
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Early Universe too hot for 9
neutral atoms to exist

-
200 9
Free electrons scatter @ = ,3 @
light (as in a fog) 3 @
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Early Universe too hot for
neutral atoms to exist

Free electrons scatter
light (as in a fog)

After ~380,000 years,

Universe cool enough @
for neutral hydrogen to 9
form: the fog clears!
T ‘J_’: University
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Background radiation
predicted in 1950s and 1960s
by Gamov, Dicke, Peebles.
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Deployable Sun, Earth,
 RF/Thermal Shield
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COBE map of temperature across the sky
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CBR ‘ripples’ are the
seeds of today’s galaxies

Galaxy formation is highly
sensitive to the pattern of
CBR temperature ripples










WMAP map of temperature across the sky
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Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. / Galaxies, Planets, etc.
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Angular Scale
90° pe 0.5° 0.2°

Predicted curve very sensitive
to ‘ingredients’ of cosmological
model.

A - CDM All Data
WMAP

CBI

ACBAR

oM o 1o |

By measuring the CBR
we can work out (very
precisely) the

cosmic recipe!!
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WMAP map of temperature across the sky
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Simulated Planck temperature map
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So how do we build current research
into the new Physics curriculum?...

Mixture of ‘nuts and bolts’ and high concept material

University i
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Hubble Law
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Project CLEA: Contemporary Laboratory Experiences in Astronomy

F mirrosecToenvom... « B =@ | X
&= C @ www3.gettysburg.edu/ ~marschal/clea/CLEAhome html 5| N

(e Project CLEA

GUCMOHSY | oA
Evpasiolbos b kel

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 HERFE

Project CLEA - CONTEMPORARY LABORATORY EXPERIENCES IN ASTRONOMY -- develops laboratory exercises that illustrate modein astronomical techniques using
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 mbroductory astronomy classes for non-
science majors. Each CLEA laboratory exerase mcludes a dedicated computer program, a student mmanual, and a techmical guide for the mstimctor. The teclmical guides descibe

file formats, user-settable options, and algorithms used in the programs. The most advanced CLEA labs run under the latest versions of Windows on PC's (see note helow

regavding Vista and Windows 7), o1 under Wmdews ewmulation en Macimtosh computers.

NOTE: Thas website is designed primarily to distibute seftware te teachers and system admmstrators. It 1s not set up for en-lme use of the exercises. If youn are an individual
using CLEA software in a class, you may find that dovnloadng files and documentation is a bit invelved and requires some sophistication in the use of computers. Consult your
mstructor if yon are having diffienlty dewnloadmg or mstalling, smee he or she should be famathar with the patieular crvemmstances of using CLEA software at vowr particular
mstitution. However, for all users, general mstructions on downloading and mstalling can be found on this website and in the CLEA technical manuals. Thanks for yomr interest in

Project CLEA and we look forward to hearng from von with comments and suggestions!

NEWS:

WORKSHOT on Astroncemical Research techmiques for Astronomy Teachers, June 17-26, 2010 (check our ""woilishops" page)
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TELESCOPE EPNO_0 . 9m Telescope SPECTROMETER

_Take Reading | ¢

The Hubble Redshift Distance Relation open
Student Manual oN
Slew Rate]

4
A Manual to Accompany Software for
the Introductory Astronomy Lab Exercise
Document SM 3: Version 1.1.1

o E| wlo

ole |z o

Right Ascension
12h 59m 36.80s

Declination
27d 48" 11.1"

|

Instrument
! w  November 11, 2010
Bl R Local Time: 18:20
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-4 Reticon Spectrometer Reading !.

: Start/Resume Count I8 Fecord Meas,  Print Return

1.0E
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Tt
Department of Physics e g
Gettysburg College » neg
Gettysburg. PA i S F
Telephone: (717) 337-6019 . ! g
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Angstroms
Object: Comal Integration (Seconds): 13.3
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So how do we build current research
into the new Physics curriculum?...

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

Selkirk High School, Nov 2010
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National Course Specification: course details (Proposed Unit)

Higher Physics: Our Dynamic Universe

4. Gravitation

a)  Projectiles and Satellites. Resolving the motion of a projectile with an initial velocity
into horizontal and vertical components and their use in

calculations. Comparison of projectiles with objects in free
fall. Newton’s thought experiment and an explanation of w]
satellites remain in orbit.

oftware to analyse videos of projectiles

w orbit and geostationary satellites.
ite communication and surveying.
ental monitoring of the conditions of the

b) Gravity and mass. Gravitational Field Strength of planets, natural
stellar objects. Calculating the force exerted
in a gravity field.

Newton’s Universal Law of Gravitation.

easuring the gravitational field strength on
Earth. Usinig the slingshot effect to travel in space. Lunar
and planetary orbits.

Formation of the solar system by the aggregation of matter.
Stellar formation and collapse.

e status of our knowledge of gravity as a force may be
explored. The other fundamental forces have been linked but
there is as yet no unifying theory to link them to gravity.

5. Special relativity

a) Introduction to special relativity. Relativity in Newtonian Relativity can be experienced in an intuitive way.

space. Examples include walking in a moving trains and moving

erations (details not sound sources. At high speeds, non-intuitive relativistic
ion that the speed of light is the effects are observed. Length contraction and time dilation
can be studied using suitable animations.

light led Einstein to postulate Experimental verification includes muon detection at the

or a moving object are changed relative to | surface of the Earth and accurate time measurements on
airborne clocks.
The time dilation equation can easily be derived from the
geometrical consideration of a light beam moving relative to
a stationary observer.

University
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“Science Fair” projects B
for primary schools:

* West Dunbartonshire
East Dunbartonshire
South Lanarkshire
North Ayrshire
Glasgow

Scottish Borders

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

Did we rea/ly land
Organised in collaboration with the on the Moons...
Scottish Network for Able Pupils. R

Projects aim to build:

investigative sKills, critical thinking,
IT proficiency, presentation skills

' Umver51ty

of Glasgow
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So how do we build current research
into the new Physics curriculum?...

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

A University e
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Large Scale Structure of the Universe

Student Manual

A Manual to Accompany Software for
the Introductory Astronomy Lab Exercise
Document SM 7: Cire. Version 1.1.1

Departiment of Physics
Gettysburg College *
Gettysburg. PA

*
*
Telephone: (717) 337-6019
Email: clea@gettysburg.edu Contemporary Laboratary
Experiences in Asironomy

Tupiter’s Moons and the Speed of Light

JUPITER’S MOONS AND THE

SPEED OF LIGHT

Student Manual

A Manual to Accompany Software for the
Introductory Astronomy Lab Exercise
Document SM 15: Circ.Version 1.0

JUPITER’S MOONS

Department of Physics
Gettysburg College

Gettysburg, PA 17325
Telephone: (
email: clea@gettysburg.edu

Database, Software, and Manuals prepared by:
Jan Paul Dabrowski, Marylhurst University, Glenn Snyder and Laurence
Marschall (Project CLEA. Gettysburg College)

+
*

Contemporary Laboratory
Experiences in Astronomy

NIversity

of Glasgow
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poster

Scottish Solar System
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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,

Selkirk High School, Nov 2010
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International Year of Astronomy 2009

Schools Projects for Autumn Moonwatch

Project 4: The Moons of Jupiter

Suitable for advanced primary and secondary ages, and for felescopic abserving.

One of the most important of Galileo’s T
discoveries was the four mocns of the planet o
Jupiter. These are still known today as the s
Galilean satellites and they are: (in order of = e

increasing distance from Jupiter) lo, Europa, - A U - B
Ganymede and Callisto. T

In recent years we have come to know these
four worlds in fantastic detail, thanks to the

Vaoyager and Galileo spacecraft which visited i o
them. In 1610 through Galileo’s telescope,
however, they appeared simply as points of

light — like little stars accompanying Jupiter voo . Q.
across the sky. Nonetheless, Galileo’s T i
discovery was remarkable: for the first time AL e
there was clear evidence that celestial bodies 7 e @
did not orbit the Earth. This was a crucial step I
towards establishing that the Earth was not at Fig 1: Exiract from Galilec’s diary.

January 15610, showing the changing
positions of the four moons of Jupiter

the centre of the Universe.
During the autumn and winter evenings of 2009-10 Jupiter and its moons are
well placed for observing through binoculars or a small telescope. Over the
course of a few nights, you will see the moons change their position as they
orbit the giant planet — sometimes crossing the disk in front, sometimes
disappearing behind it.

The orbit of lo, the closest Galilean moon, lies at roughly the same distance from
Jupiter as our Moon does from the Earth. And yet, because Jupiter is more than
300 times mare massive than the Earth, its gravity whips lo around in its orbit
once every 42 hours.
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from the Society for Popular Astronomy

HOME
ABOUT THE MOON
SCHOOLS' TELESCOPE About the
MOONWATCH Moonwatch
- Weeks 2009
"Moon ight naw

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

s m

ﬂ,é
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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




“Science Fair” projects B
for primary schools:

* West Dunbartonshire
East Dunbartonshire
South Lanarkshire
North Ayrshire
Glasgow

Scottish Borders

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

Did we rea/ly land
Organised in collaboration with the on the Moons...
Scottish Network for Able Pupils. R

Projects aim to build:

investigative sKills, critical thinking,
IT proficiency, presentation skills
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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?...”
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So how do we build current research
into the new Physics curriculum?...

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

A University e
of Glasgow cac, (I
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STEM Ambassacdors
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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

Selkirk High School, Nov 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

Supa)




'ﬁ Homepage of ESERQ... *

€« C O www.esero.org.uk & A

EUROPEAN SPACE EDUCATION RESOURCE OFFICE
An education project of the European Space Agency

HOME ABOUTUS TEACHERSUPPORT SPACE AMBASSADORS NEWS EVENTS NEWSLETTER FAQs SPACEINTHEUK ESA CONTACT

The UK space
education office

Using space to enhance and support
Science, Technology, Engineering and
Wathematics {STEM) teaching and
learning in the UK

Inspiring resource The latest Sign up

of the moment news articles Teachers

Keep in touch with the latest
space education news and
avents with our regular

The leading UK society for physicists, the 10P produces much 0. 1110 newsletter.

free material and information fo hools. There is a video-
JOIN US T

lending service for members and affiliated schools. For details of
all educational activities contactthe Education Department

enthusiasts to conduct an experiment with

Mew report from the Oxford Economics consultancy shows the

strenath ofthe UK space sector JOIn us )
Whatrs OI"] 08. 14 10 AC'{!VII’)/ pFOVIdEFS

The latest"Size and Health" report was commissioned by the UK Fraciregistent iders of
Spa{e education events Space Agen nd is hased on a survey of the activiti 260 SHEEAL ,'ermw 50
laadint rarmnanias Tha rannd found that | I enara ramnaniac gpace education resources
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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
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Scientific American, July 2010. (Tamara Davis, UQueensland)

Space In the presant

Doppler shift calculated
fram comparing velocities

L Observer's velodty

In spacetime

_ 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
when watching a police car recede at the same relative velocity as the
galaxy—as long as "relative velocity” Is Interpreted in the appropriate
way. First, one must trace the trajectories of the galaxy and of the observer
not in space but in spacetime. (In the schematic view here, space s an
evolving two-dimensional surface; spacetime trajectories cut through it.)
Second, one must compare the velocity of the galaxy at the time when it

emitted the photon (purple armow) with the velocity of the observer at the
time when the photon was received (green arrow) and then—using the
appropriate math derived from general relativity—calculate the relative
velocity. The Doppler shift calculated from this relative velocity coincides
with the galaxy’s redshift, suggesting that the galaxy's redshift can be
interpreted as the result of relative motion, rather than of the expansion
of space. Therefore, no energy s lost.




So how do we build current research
into the new Physics curriculum?...

Harness topics from popular culture.
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The Physics of Star Wars

Reality or fantasy?

Imagine that some of your pupils have just watched the latest sci-fi
release, and come to ask you about the 'real physics' content of the film.

Some examples of the questions they might ask are given below. Choose a
few of these questions and think about how you would you answer them.
Could you relate your answers to accepted physical ides and principles?...

Spaceships

» How could we travel faster-than -light?

» Could a spaceship have a hyperspace
drive, or warp drive?

Weapons

» How would a light
sabre work?

» Could the Death Star destroy a planet?

F

Planets

» Could life existona
planet with two suns?

» Could life exist ona
planet with a giant sun?

Selkirk High School, Nov 2010




Summary

* Lots of interesting topics in cosmology & astrophysics

* Focussing on process, rather than just latest results
and facts, broadens scope for simple but instructive
experiments and research exercises:

Mixture of practical and computer-based, (mostly)
with minimal equipment costs.

* Lots of help available, e.g. Universities, Astrosocs
(Industry?). Tailored resources being developed.

Watch this spacel...
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