
NS102       Lecture 15 NS102       Lecture 15 NS102       Lecture 15 

Open: Island In The Sun – Weezer
Close: Einstein – Artichoke



• Website   http://home.fnal.gov/~rocky/NS102/
• Exam next Tuesday

– Don’t memorize any equations!
– Review sessions in KPTC

Sun: 5:30-6:30 pm & Mon: 5:30-6:30 pm
• Final Exam 

– 10:30-12:30 Thursday 9 June
• Please see me after class: 

– Sabahat A., Emily K., Elise M., Vanessa T.

Lab this week: The Hubble constant
Lab next week (last one): Big Bang Nucleosynthesis

GnatSighGnatSigh News News 
(all the news that fits)(all the news that fits)





The Cosmological 
Distance Ladder

C
epheids

(variability)

10 Mpc
The Cosmological 
Distance Ladder

Earth
(geom

etry)

M
oon

(geom
etry)

Sun 
(geom

etry)

nearby stars &
 clusters

(parallax)

~100 pc

1 AU

clusters
(m

ain sequence)

few kpc

R
R

 Lyrae
(variability)

10 kpc
H

ubble’s law
(spectrum

)

4 Gpc



They move
They have different apparent brightness
They have different colors
They change in brightness
They (galaxies) are redshifted
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“−” means smaller m is brighter!

For light: ( )21 212. log5m Im I= −−



Intensity of Venus vs. Sirius
Venus       m♀ = − 4
Sirius mS = − 1.5

1 = log(I♀/IS)

– 4 – (–1.5) =  − 2.5 log(I♀/IS)

101 = 10 = I♀/IS

− 2.5 =  − 2.5 log(I♀/IS) 

m♀ – mS =  − 2.5 log(I♀/IS)



star parallax distance
(’’) (pc)

α Centauri 0.75 1.3
Barnard’s star 0.5 2.0
Sirius 0.4 2.5
Altair 0.2 5.0

=

apparent     luminosity
magnitude     (solar)

0               1.5
9.5            0.0005
-1.5               25
0.8               10

Canopus 0.003              330             - 0.7           200,000
Arcturus 0.1                  10                 0    90
Betelgeuse              0.01               100               0.5 14,000
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Distances to other clustersDistances to other clustersDistances to other clusters

• Construct H-R diagram for cluster

• Measure ∆m compared to HR diagram for Hyades

• Compute distance in terms of distance to Hyades

• How far can you go?

• Say most distant open observable cluster is Lastades





• Main sequence stars are not extremely bright…
we need brighter “standard candle”

Intensity =
Luminosity

4πR2

• They are brighter than the sun by about a factor of 
100 and are standard candles.  Can see farther 
away and use as standard candle.

• RR Lyrae stars are identified because their light 
output changes regularly on a time scale of 
half to one day.

• RR Lyrae stars found in distant clusters we know 
the distance to via H-R fitting.



Cepheids as distance indicatorsCepheidsCepheids as distance indicatorsas distance indicators

• Measure apparent magnitude of the cepheids

• Measure period of the cepheids

• Calibrate (if know period know L)

24
LI
Rπ

=

For cepheids of known distance

→ know L

For cepheids of unknown distance

• Measure period….know L

• Measure apparent magnitude

24
LI
Rπ

= → know R
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Talking points in the Great Debate

1. Rotation of M101
2. Variable stars
3. Stars or gas
4. Spatial distribution & velocity
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v  detected wavelength
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Doppler ShiftDoppler ShiftDoppler Shift

+ → receding       (longer λ)
− → approaching (shorter λ)



Hubble’s Discovery Paper - 1929Hubble’s Discovery Paper Hubble’s Discovery Paper -- 19291929
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λ = c ∆t + v ∆tλ = c ∆t − v ∆t



We are not the center of the expansion of the universe

Every galaxy sees the expansion

The universe is the same everywhere
• no special point in  the universe

(no center)

• no special set of points
(no edge)



The expansion of the universe is

an explosion of space

not

an explosion into space

The universe does not expand
into anything!



This is not the big bang!This is not the big bang!This is not the big bang!



The age of the elementsThe age of the elementsThe age of the elements

• Elements come in different isotopes
(same # of protons, different number of neutrons)

• Many isotopes are radioactive — they decay
• If start with N(0) nuclei, after a time t, the number will be

2/1/2)0()( τtNtN −=

2/1τ is the half-life

Can use radioactive isotopes to date objects
Radio dating   ….  nucleocosmochronology



blueshift = 300 km s-1

distance = 0.65 Mpc

7

19

km 3×10 sec 1Mpc300
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HST Picture of the
Antennnae Galaxies
(NGC 4038/4039)
63 million light-years 
away in the southern 
constellation Corvus.



The Big BangThe Big BangThe Big Bang



Space expands.

Edwin Hubble
1929



The universe
is radiant.

Arno Penzias
Robert Wilson

1965



T = 3K = − 454o FT = 3K = T = 3K = −− 454454oo FF

Cosmic background radiationCosmic background radiationCosmic background radiation



Cosmic Radiation ca. 1960sCosmic Radiation ca. 1960sCosmic Radiation ca. 1960s

2o 3o 4o



Cosmic Radiation ca. 1975Cosmic Radiation ca. 1975Cosmic Radiation ca. 1975

2.997o 3o 3.003o



Cosmic Radiation 1992Cosmic Radiation 1992Cosmic Radiation 1992

COBE

2.99997o 3o 3.00003o





The voyage to L2The voyage to L2The voyage to L2



Cosmic Radiation 2005Cosmic Radiation 2005Cosmic Radiation 2005

WMAP

2.99997o 3o 3.00003o



The newborn universeThe newborn universeThe newborn universe



Looking out in space is
looking back in time.

Looking out in space isLooking out in space is
looking back in time.looking back in time.

CBR: a snapshot of the
universe 380,000  AB

age=380,000 yrs

opaque

age=0today



The Last Scattering SurfaceThe Last Scattering SurfaceThe Last Scattering Surface



The Last Scattering SurfaceThe Last Scattering SurfaceThe Last Scattering Surface



Facts about lightFacts about lightFacts about light

1. Light is a wave

2. The wavelength is quantized

-1

-1

 velocity of wave (k s )
   wavelength (cm)

 frequency (Hz or s )

c
c λν λ

ν

 == =
 =



λ= c ∆t + v ∆tλ= c ∆t − v ∆t

3. Doppler shift



4. Light is a particle

• Particles of light are “photons”

 Boltzmann's constant

 average
B BE h k T kγ ν= = =

=

• Temperature is a measure of energy of the photons

   Planck's constant
                                  (unit of the quantum)
E h hc hγ ν λ= = =

• Photons have energy





• If wavelength stretched,  E decreases, T decreases

4. Light is a particle

• Particles of light are “photons”

 Boltzmann's constant

 average
B BE h k T kγ ν= = =

=

• Temperature is a measure of energy of the photons

   Planck's constant
                                  (unit of the quantum)
E h hc hγ ν λ= = =

• Photons have energy



Energy of photons decreaseEnergy of photons decreaseEnergy of photons decrease
• Where does the energy go?

• What about conservation of energy?



Conservation of Energy?Conservation of Energy?
Classical physics: constant0 =⇒= E

dt
dE

Special relativity:
(              and all that)2mcE = 0=µ

µν

dx
dT

space and time

energy, momentum, mass

General relativity:
(gravity) 0=Γ+Γ+ µαν

µα
ανµ

µαµ

µν

TT
dx
dT

gravity



Gravitational redshiftGravitational Gravitational redshiftredshift



Gravitational redshiftGravitational Gravitational redshiftredshift



Cosmological Weather ReportCosmological Weather ReportCosmological Weather Report

• Today T=3K

• Yesterday was hotter!

• Tomorrow will be colder!
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T = 3,000º K
t = 380,000 YAB
atoms “ionized”



Particle Accelerator = Time Machine = Telescope

Inner Space - The QuantumInner Space Inner Space -- The QuantumThe Quantum





Primordial soupPrimordial soupPrimordial soup
0.000 000 000 004 seconds AB

3,000,000,000,000,000o

CONDENSED

HOT

INGREDIENTS

in 50 Earth masses in matter
one 50 Earth masses in antimatter
can +  extra mountain of matter

per 10 billion years of total 
serving energy output of sun

in every spoonful every type of elementary particle



Primordial soupPrimordial soupPrimordial soup
KNOWN INGREDIENTS:
56% QUARKS
16% GLUONS        (STRONG FORCE)
9% ELECTRON-LIKE PARTICLES
9% W’s AND Z’s   (WEAK FORCE)
5% NEUTRINOS
2% PHOTONS     (ELECTROMAGNETIC FORCE)
2% GRAVITONS  (GRAVITATIONAL FORCE)
1% HIGGS BOSONS (???)



Primordial soupPrimordial soupPrimordial soup
KNOWN INGREDIENTS:
56% QUARKS
16% GLUONS        (STRONG FORCE)
9% ELECTRON-LIKE PARTICLES
9% W’s AND Z’s   (WEAK FORCE)
5% NEUTRINOS
2% PHOTONS     (ELECTROMAGNETIC FORCE)
2% GRAVITONS  (GRAVITATIONAL FORCE)
1% HIGGS BOSONS (???)

SECRET INGREDIENT:
DARK MATTER



380,000
years

3
minutes

4-pico
seconds

1-micro
second

atoms
form

nuclei
form

neutrons
protons

form

primordial
soup

BANG!



EVERYTHING IN THE UNIVERSEEVERYTHING IN THE UNIVERSEEVERYTHING IN THE UNIVERSE

MICROWAVE RADIATION
SUPERCLUSTERS OF GALAXIES
CLUSTERS OF GALAXIES
STARS
PLANETS
PEOPLE
POODLES
PIGEONS
PETUNIAS
POND SCUM

FROM THE PRIMORDIAL SOUP!FROM THE PRIMORDIAL SOUP!FROM THE PRIMORDIAL SOUP!
KARL ROVE
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Periodic table - chemist Periodic table Periodic table -- chemist chemist 



Periodic table - cosmologist Periodic table Periodic table -- cosmologist cosmologist 

Metals



The Universe today:The Universe today:The Universe today:

73%   Hydrogen   (10-5    2H-deuterium)
26%   Helium        (10-5 3He)

1%   Metals

The Universe 3 minutes AB:The Universe 3 minutes AB:The Universe 3 minutes AB:
76%   Hydrogen   (10-5    2H- deuterium)
24%   Helium        (10-5 3He)
10-8% Lithium



NucleosynthesisNucleosynthesisNucleosynthesis
…the process of assembling nuclei either 
by nuclear fusion or nuclear fission. 


