
last time:
where are we?
how did we get here?
why do astronomers drink so much coffee?

today:
recap
how do we learn about the universe?

✔

✔

?



our solar system:

the sun
the planets and asteroids



our own Milky Way Galaxy:

a collection of billions of stars
(including our sun)

the Milky Way seen
from inside the nearest galaxy: Andromeda

home



also inside our own galaxy: nebulae

stellar nurseries exploded stars 

~7000 light years away



and other planets around other stars:



and black holes ...

(not a real image)



a bit further out ...

M101 - the Pinwheel -
25 million light years

M31 - Andromeda
3 million light years



galaxies are like people: different shapes and sizes



like grains of sand on a beach …



galaxies cluster together and bend light



~1 000 000 000 light years

1 light year =
10 million million km

on the largest scales
the universe is

uniform

computer
simulation



real data



a brief history of the universe



the after-glow of the big bang:
the cosmic microwave background

(When the universe was 300 000 years old)



how do we study the universe?



optical telescopes

Gemini 8m

Keck 10m

Mauna Kea, Hawaii



the Hubble
Space

Telescope

only 2m but in
space



The Spitzer Infrared Space Telescope 



The James Clerk Maxwell
Submillimeter Telescope



radio arrays

the Very
Large Array

the Very Long Baseline
Interferometer



energetic electrons

stars

dust

old stars

shock waves in gas

radio

optical

far infrared

near infrared

x-ray

what do we see at different wavelengths?

the Milky Way



towards Orion

optical infrared

dust



blue: x-ray; red: optical

crab nebula/pulsar:  remnant of an exploded star 





spectrum of the sun

absorption of light due to specific elements like
Hydrogen and Helium



hydrogen atom

normal low energy state

☀
incoming light

the electron absorbs the
energy and moves to a

higher energy state

electron

Proton



gas in galaxies often gives you emission lines

Light is emitted



also tells us how fast
things are moving toward

or away from us

redshift or blueshift



more distant
things are moving

faster!


