Cosmology

· Study of the structure and evolution of the Universe  

· Cosmology covers a broad range of scales

· Spatial scales 

· 10-21 m to

· 10s of billions of light years >1022 m

· Temporal scales

· 10-21 s to 

· 10s of billions of years > 317 s

· Ideas about the Universe 
· Are often culturally determined 
· Commonly include supernatural forces 
Science

· The systematic analysis of natural phenomenon

· Involves the construction of models

· Scientific understanding is dynamic (i.e., it evolves and changes 

Scientific Method

· A sequence of steps for systematically analyzing scientific problems

· Recognizing the problem

· Collecting data

· Proposing hypotheses

· Testing hypotheses

· Theory vs Hypothesis

Earth’s Changing Place

· 3,000 years ago, humans knew

· that stars were fixed relative to other stars

· that stars moved predictably across the sky

· Movement in the heavens was attributed to deities
An Evolving Image of Earth

· Early thinking: the geocentric Universe 

· Heavenly bodies circle around a motionless central Earth 

· Held as doctrine for 1,400 years during the dark ages

The Renaissance
The Enlightenment

Earth as a Sphere

Earth’s Rotation

Earth’s Circumference

· Eratosthenes calculated ~25,000 miles in ~ 200 B.C.

· He measured shadows in deep wells ~800 km apart

· Measurement taken at noon on the same day 



360  X  786 km = 39,300 km



7.2
· Really ~ 40, 000 km

Distances from Earth 

· The speed of light (c) is 300,000 km/s (186,000 miles/s)

· The Moon is 1.3 light seconds away.

· The Sun is 8.3 light minutes (~93 million miles) away

· A light year measures a distance of 5.87 trillion miles. 

· The visible Universe is > 13 billion light years away

Modern View of the Universe

Questions

· How did the Universe form?

· Do galaxies move with respect to each other?

· The Doppler Effect permits us to detect star motion. 

The Doppler Effect

The Expanding Universe

· Light from distant galaxies appeared “red shifted”  

· In 1929, Hubble recognized this as a Doppler shift.  

· He concluded that galaxies were moving away rapidly.  

· No galaxies were found to be moving toward Earth.

· This led to the development of the Expanding Universe Theory, analogous to expanding bread. 

Big Bang

· When did the expanding Universe begin?

· The best answer so far?  The big bang.

· Explosion ~ 13.7 Ga and has been expanding ever since.
· Hydrogen fused to form new light elements (He, Be, Li, B) via big bang nucleosynthesis.  

· The Universe continued to… 

· Expand. 

· Cool.

· Decrease in density.

After the Big Bang

· Condensed nebulae formed flattened accretion discs

· Heat and mass from collapse ignited nuclear fusion and heavy elements were produced

· Stellar Wind = stream of atoms emitted by a star during its lifetime (solar wind)

 The Planets:  An Overview

· Two groups of planets occur in the solar system 

· Terrestrial (Earth-like) - Small, dense, rocky planets

· Mercury, Venus, Earth, and Mars.

· Jovian (Jupiter-like) - Large, low-density, gas-giant planets

· Jupiter, Saturn, Uranus, and Neptune.

The Solar System

Solar System Formation

Moon Formation

