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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
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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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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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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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New Higher Physics modules

Researching Physics
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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…







State of the Universe – Nov 2010
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Edwin Hubble
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The Cosmic 
distance ladder



Measuring Astronomical Distances: Parallax

Earth in July

Earth in JanuarySun

Nearby star

View from the Earth in January

View from the Earth in July



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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The Cosmic 
distance ladder
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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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1922: Hubble finds 
Cepheids in the Great 
Nebula in Andromeda
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Hubble measured distances to 
dozens of nearby nebulae

Even the nearest, 
in Andromeda, was 

millions of light 
years distant



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

Galaxy
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HubbleHubble’’s Laws 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
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Will the Universe expand forever?

Answer depends on the amount of  matter in the Universe.

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

Matter density too low; 
Universe expands forever

‘Critical’ density
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Weighing the Universe
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Weighing the Universe
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More than meets the eye?...

Fritz Zwicky
1933:  finds evidence 
for dark matter in the 
Coma galaxy cluster
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Weighing the Solar System

Johannes Kepler

Isaac Newton
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Vera Rubin
1970s:  studies the 
rotation curves of 
spiral galaxies, and 

finds that they are flat.

Weighing galaxies
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What we seeWhat we see

What we think is 
really there….

10 times as much as 
the luminous matter 
in the visible galaxy
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1980s: Cosmic Cookery

…
..

Lightest elements 
made during first 3 
minutes after the 
Big Bang…
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Amount of each 
element depends 
on the density of 
baryons.

1980s: Cosmic Cookery
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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.

1980s: 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
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Will the Universe expand forever?

Answer depends on the amount of  matter in the Universe.

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

Matter density too low; 
Universe expands forever

‘Critical’ density
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So, is the 
expansion 

slowing down?



Selkirk High School, Nov 2010

The Cosmic 
distance ladder



Is the Universe speeding up or slowing down?
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redshift

‘Speeding up’ model

‘Slowing down’ model

Hubble’s law for 
nearby supernovae

Hubble diagram of distant supernovae
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Latest results:  still speeding up!!!

Selkirk High School, Nov 2010
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The future of the Universe?The future of the Universe?

No 
Big Crunch!!!
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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’
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Early Universe too hot for 
neutral atoms to exist

Free electrons scatter 
light (as in a fog)
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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 
form:  the fog clears!
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Background radiation 
predicted in 1950s and 1960s 
by Gamov, Dicke, Peebles.

Discovered in 1965 by 
Penzias and Wilson

Arno Penzias and Robert Wilson

Robert Dicke

Jim Peebles



CoBE map of temperature across the sky







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

By measuring the CBR 
we can work out (very 
precisely) the 
cosmic recipe!!
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The future of cosmology?...The future of cosmology?...
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WMAP map of temperature across the sky



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

• 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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Project CLEA: Contemporary Laboratory Experiences in Astronomy
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So how do we build current research 
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• Mixture of ‘nuts and bolts’ and high concept material
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“All science is either physics or stamp collecting”
Ernest Rutherford
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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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Even the nearest star shows a 
parallax shift of only 1/2000th the 
width of the full Moon

Parallax Shift
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“What fraction of the cars in the 
car park are red?...”
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So how do we build current research 
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Linking to Dark Sky Discovery Community-based events
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Scientific American, July 2010. (Tamara Davis, UQueensland)
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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 space!...
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