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The per fect cosmological pr incipleThe per fect cosmological pr inciple

•• homogeneous: homogeneous: the universe looks the same the universe looks the same 
everywhere on large scaleseverywhere on large scales
�� there is no special place (center)there is no special place (center)

•• isotropic:isotropic: the universe looks the same in all the universe looks the same in all 
directions on the skydirections on the sky
�� there is no special direction (axis)there is no special direction (axis)

•• unchanging: unchanging: The universe looks the same at The universe looks the same at 
all timesall times
�� there is no special epochthere is no special epoch
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Newton’s UniverseNewton’s Universe

•• In order to avoid collapseIn order to avoid collapse
–– homogeneoushomogeneous

–– isotropicisotropic

–– infinite sizeinfinite size

–– no centerno center

•• infinite in timeinfinite in time
–– has always beenhas always been

–– will always bewill always be

�� perfect cosmological principleperfect cosmological principle
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Does the cosmological pr inciple Does the cosmological pr inciple 
apply to our  universe ?apply to our  universe ?

The cosmic microwave The cosmic microwave 

background radiation (CMB)background radiation (CMB)

= afterglow from the big bang.= afterglow from the big bang.

It’s smooth to 1 part in 10It’s smooth to 1 part in 1055

�� yes, the universe appears yes, the universe appears 
to be homogeneous to be homogeneous 
and isotropicand isotropic



Astronomy 201 Cosmology - Lecture 12 5

Does the strong cosmological Does the strong cosmological 
pr inciple apply to our  universe ?pr inciple apply to our  universe ?

Galaxies 10 billion years agoGalaxies 10 billion years agoGalaxies todayGalaxies today
�� no, the universe appears to change with timeno, the universe appears to change with time
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Shell of radius rShell of radius r11::

Surface:   SSurface:   S11=4=4pp rr11
22

Volume:  VVolume:  V11=4=4pp rr11
22DDxx

# of stars: N# of stars: N11= = 44pp xx rr11
22DDxx

luminosity per star: lluminosity per star: l **
luminosity of shell:luminosity of shell:

LL11 = = 44pp xx rr11
22DDx lx l **

Shell of radius rShell of radius r2 2 = 2r= 2r1 1 ::

Surface:   SSurface:   S22=4=4pp (2(2rr11))22

Volume:  VVolume:  V22=4=4pp (2(2rr11))22DDxx

# of stars: N# of stars: N22= = 44pp xx (2(2rr11))22DDxx

luminosity per star: lluminosity per star: l ** /4/4

luminosity of shell:luminosity of shell:

LL22 = = 44pp xx (2(2rr11))22DDx lx l ** /4/4

= = 44pp xx rr11
22DDx lx l *  *  = L= L11

Shell of radius rShell of radius r3 3 = 4r= 4r1 1 ::

Surface:   SSurface:   S33=4=4pp (4(4rr11))22

Volume:  VVolume:  V33=4=4pp (4(4rr11))22DDxx

# of stars: N# of stars: N33= = 44pp xx (4(4rr11))22DDxx

luminosity per star: lluminosity per star: l ** /16/16

luminosity of shell:luminosity of shell:

LL33 = = 44pp xx (4(4rr11))22DDx lx l ** /16/16

= = 44pp xx rr11
22DDx lx l *  *  = L= L11

Problems with an infinite universeProblems with an infinite universe

•• Olber’sOlber’s Paradox: Why is the night sky dark?Paradox: Why is the night sky dark?
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EachEach shell contributesshell contributes

LL11 = = 44pp xx rr11
22DDx lx l **

infinite number of shellsinfinite number of shells

�� infinite luminosityinfinite luminosity

Problems with an infinite universeProblems with an infinite universe

•• Olber’sOlber’s Paradox: Why is the night sky dark?Paradox: Why is the night sky dark?
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How to solve How to solve Olber ’s Olber ’s paradox ?paradox ?

•• Universe is finiteUniverse is finite

•• Universe has finite ageUniverse has finite age

•• The distribution of stars throughout space is The distribution of stars throughout space is 
not uniformnot uniform

•• The wavelength of radiation increases with The wavelength of radiation increases with 
time. time. 

Note:Note: for the big bang model, all thesefor the big bang model, all these
conditions are satisfiedconditions are satisfied
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What is an event ?What is an event ?

•• When is it happening When is it happening �� time time tt

•• Where is it happening Where is it happening �� position position (x,y,z)(x,y,z)

•• What reference frameWhat reference frame

�� coordinate coordinate (t,x,y,z) (t,x,y,z) measured with measured with 
respect to a  particular observer at respect to a  particular observer at (0,0,0,0)(0,0,0,0)
�� frame of referenceframe of reference
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Measur ing distancesMeasur ing distances
•• Two events: Two events: ((tt11,x,x11,y,y11,z,z11)) and and ((tt22,x,x22,y,y22,z,z22))

•• Difference in time:  Difference in time:  DDt = tt = t22-- tt11

•• Difference in one coordinate:  Difference in one coordinate:  DDx = xx = x22-- xx1 1 

•• Difference in two coordinates:Difference in two coordinates:
DDss22 = = DDxx22++DDyy22

•• Difference in two coordinates:Difference in two coordinates:
DDss22 = = DDxx2 2 ++DDyy2 2 ++DDzz22

Ds
Dy

Dx
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Iner tial reference frameIner tial reference frame

•• An inertial reference frame is a reference An inertial reference frame is a reference 
frame at rest or in constant motion (i.e. frame at rest or in constant motion (i.e. 
constant speed, constant direction).constant speed, constant direction).

•• NonNon--inertial frames inertial frames �� fictitious forcesfictitious forces
–– centrifugal forcecentrifugal force

–– CoriolisCoriolis force force 


