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introductory survey.
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Rules of Engagement

• Everyone is expected to participate.
• Everyone will be respectful of and

receptive to others’ contributions.
• Feel free to ask questions at any time.
• Feel free to move as necessary.
• Same applies to instructor.

– And, please, help me keep us on time.



1) What is the definition of
cosmology?

• Pair share:
– Introduce yourself to someone new.
– Discuss the prompt.

• Record:
– Partner name.
– “Answer(s)” (labeled #1).



1) What is the definition of
cosmology?

Volunteers?



Cosmology

• “2: a branch of astronomy that deals with the
origin, structure, and space-time relationships
of the universe”
– Merriam-Webster OnLine

• Etymology: cosmos (universe) logos (study)
• AY5: study of large-scale structure and

evolution of the Universe
– Smallest size is galaxy, usually.
– Smallest time is billion years, usually.



2) What topics or objects are
studied under cosmology?

• Concept question:
– Reflect.
– At least two ideas.

• Record:
– Your thoughts (labeled #2).

• Note:
– Everyone will be asked to share.



2) What topics or objects are
studied under cosmology?

Everyone should share…



Syllabus
1. Consistent internet and email

access necessary.
2. First reading given, future

readings, print from website.
3. Several assignments detailed

in syllabus.



3) What is science?

• Concept question:
– Reflect and record your thoughts.
– What is the purpose of science?
– How is science done?

• Record:
– Your thoughts (labeled #3).



What is science?

What is its purpose?
How is it done?



Science

• Body of empirical (observable) and organized
knowledge about natural phenomenon.

• “Scientific method” is iterative, (mostly)
cyclical process of:
– Asking a question.
– Designing a way to investigate the question.
– Developing an answer to the question.
– Testing the answer.
– Repeat as necessary.



Intro to Astronomical
Observing

http://antwrp.gsfc.nasa.gov/apod/



Why do astronomers use
telescopes?

Lick 36” Refractor (ucolick.org)

Keck Observatory (Wikipedia)

Orion SkyQuest ( telescope.com)



Why do astronomers use
telescopes?

• Higher sensitivity
– More light-gathering

ability.
– Increases with area

(diameter squared).
• Higher resolution:

– More details.
– Increases with

diameter.  
Gemini South (gemini.edu)



Reflecting Telescopes

• All modern telescopes.
• Primary optic reflects (e.g., mirror).

– Diameter defines telescope.
– Designed for specific wavelength.

(uk-telescopes.co.uk)



Wavelength

(Wikipedia)



Why have telescopes in
space?

Hubble Space Telescope

(Wikipedia)

Chandra X-Ray
Observatory,

artist’s rendition

Spitzer Space
Telescope,
pre-launch



Why have telescopes in
space?

• Above the weather.
– Also why telescopes on mountains.

• Above the distorting effects of the
atmosphere.
– Also why telescopes on mountains.

• Above the radiation-absorbing/reflecting
effect of the atmosphere.



CCD: Charge-Couple Device

• Quantitative
measure of what
telescope observes.
– Replaces the eye.
– Astronomers used to

draw.
• (Also found in digital

cameras.)
Mosaic,
Near-IR
(lbl.gov)

Single,
UV/Vis
(Wiki.)



How CCDs Work

• Photon-bucket
array.

• Fire-brigade read-
out.

• Computer-tallied
counts.

• Image.
– Also quantitative

analysis.(ags.dk)



CCDs Are Color Blind
(and Imperfect)

M101: Pinwheel Galaxy (Cluster 7, COSMOS 2007)



Color Images with CCDs:
Filters

(skyandtelescope.com)



Color Images with CCDs:
“Photoshop”

M42 “Great Orion Nebula” (Copyright Graham Pattison)



Why do color-blind CCDs,
filters, and “Photoshop” work?

What are astronomers actually
observing?



(Cluster 7, COSMOS 2007)



All astronomers observe is
light.

Actually, electromagnetic
radiation.



Electromagnetic Spectrum

(Wikipedia)



All objects…

• Emit light.
– Because of their temperatures (blackbody

radiation).
– Because of their composition.

• Reflect light.
• Absorb light.
• Or some combination.





All objects…

• Emit light.
– Because of their temperatures (blackbody

radiation).
– Because of their composition.

• Reflect light.
• Absorb light.
• Or some combination.



Blackbody Radiation

• Idealized model.
• Light (radiation) due

solely to
temperature.
– AKA: thermal

radiation
• Range of radiation

emitted.



Blackbody Radiation:
Atoms in Motion

• Everything is composed of atoms that
are constantly in motion.



Blackbody Radiation:
Atoms & Temperature

• Hotter objects have atoms that move
faster.
HOTTER COOLER



• Atoms collide as they move around.
• Collisions release energy.
• But energy is radiation.

Blackbody Radiation:
Atoms & Radiation



Blackbody Radiation:
Just Temperature

• Hotter objects have atoms that move
faster on average.

• Faster atoms collide more often.
– Collisions are more energetic on average.

• More collisions release more radiation.
– Average collision has higher energy.

• And releases higher energy radiation (shorter
wavelength, bluer color).



Blackbody Radiation:
Radiation & Temperature



Conclusions
•   Please participate in this class.
• For AY5, cosmology is study of large-scale

structure and evolution of Universe.
• Science is organized around observations.

– Scientific process is iterative and cyclical.
• All astronomers observe is “light”

(electromagnetic radiation).
– Telescopes and CCDs enable quantitative

observations.
• Blackbody radiation is (idealized) model to

describe object’s (emitted) radiation by its
temperature.



Notes for Next Time

• I will not be teaching (or in attendance).
– Ryan Montgomery (rmontgom@ucolick.org) will

be in “charge.”
– No office hours this week.

• Wednesday and Friday will be inquiry days.
– Inquiry = learning science as science is done.
– Guest facilitators: David Lai and Liz McGrath.

• Summary will be due by email on Saturday
(28th, 5pm).

• Please do not drop the class until after the
inquiry (Friday, June 27th).



4) What do you observe?

(HST)


