Introducing: The Universe!
Part 2: Fingerprinting the Cosmos
Jonathan McDowell

Smithsonian Astrophysical Observatory
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Data: Bob Kurucz et al (SAO); Image: Nigel Sharp. NOAO; Telescope: KPNO-McMath

Solar spectrum, 2960-13000 Angstroms



Continuous Spectrum

Emission Lines

Absorption Lines
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Light passes through a gas made of atoms

Each atom “likes” certain colors — it
swallows them, and then re-emits them in a
random direction
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What we can learn from a spectrum:

ABSORPTION What is the light source made of?

- this is the “fingerprint' of
sodium

| EMISSION _ .
What are the physical conditions

like?

- relative brightness and
thickness of different lines
400 S00 GO0 700 . . .
o indicates temperature and density

How fast is it moving?
“Doppler Shift” stretches or
squeezes the spectrum:
read off the speed

From “The New Astronomy”, Figure 3.14, by Nigel Henbest and Michael Martin (Cambridge Univ Press, 1983)



THE ELECTROMAGNETIC SPECTRUM
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Distances to the stars, step 1: parallax

This is just surveying like on Earth, basic trig. Wl bl ke .t .
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parallax is the apparent change of position of a nearby star with respect
to background stars due to the motion of the Earth around the Sun

Lets you measure distance to nearby stars as long as there are more distant ones
behind it to compare against
Only works for nearby stars; shift is too small for distant ones



Distance to the stars, step 2: “Standard candles”
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Cepheid stars are unstable: they oscillate — big/cool, small/hot

The bigger, more luminous ones take longer to pulsate than the
smaller, feebler ones: use a stopwatch, get the wattage! Compare the
wattage and the apparent brightness, get the distance!



Distances, step 3: Dr. Hubble

Golaxy in Redshif
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The Hertzprung-Russell diagram: the
stellar family tree

J Bataigauss
.}EUFEHGIAHTE

AMlares

LA M,
RS Glipa 725 A
BAE2NS Blisso 725 B
Barnard's St 01 Mg,
* Roes 128
Wolf 256,
-
Froxima Caniadn o
DX Cancr

0

—

0, 00
ncreasing
tempearature

6,000 3,000

surface temperature (Kelvin) decreasing

tempearature »

Globular cluster M5: 13 Gyr old

Main sequence
/ tum-off point

New-bom 100 million

years

10 billion
years




Weighing things in space: What's the Mass?

escape velocity

Bigger gravity: tugs more: things fall toward it
faster

Measure speed of object orbiting it — faster
the speed, the more gravity there must be.

shifted to bm/\* orbital velocity

Galaxy M84 Nucleus

“ shifted to red

R WFPC2

Hubble Space Telescope STIS

PRC97-12 « ST Scl OPO « May 12, 1997 « B. Woodgate (GSFC), G. Bower (NOAO) and NASA
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