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Large-Scale	Structures	



Outline


•  27.1	The	ExtragalacDc	Distance	Scale	
•  27.2	The	Expansion	of	the	Universe	
•  27.3	Cluster	of	Galaxies	



Parallax


Annual Parallax: observing a celestial object 6 months 
apart, B becomes the Sun-Earth distance, i.e., 1 AU. 

 

Parsec (Parallax arcsec), or pc, is an astronomical 
distance units. 1 pc is the distance of an object whose 
parallax is 1 arcsec; 1pc = 3.26 ly.  

 Q: what is the parallax of Proxima Centauri? 9/22/15 

2B
d p

FIGURE 1 Trigonometric parallax: d = B/ tan p.
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FIGURE 2 Stellar parallax: d = 1/p′′ pc.

where the small-angle approximation tan p ≃ p has been employed for the parallax angle
p measured in radians. Using 1 radian = 57.2957795◦ = 206264.806′′ to convert p to p′′

in units of arcseconds produces

d ≃ 206,265
p′′ AU.

Defining a new unit of distance, the parsec (parallax-second, abbreviated pc), as 1 pc =
2.06264806 × 105 AU = 3.0856776 × 1016 m leads to

d = 1
p′′ pc. (1)

By definition, when the parallax angle p = 1′′, the distance to the star is 1 pc. Thus 1 parsec
is the distance from which the radius of Earth’s orbit, 1AU, subtends an angle of 1′′.Another
unit of distance often encountered is the light-year (abbreviated ly), the distance traveled
by light through a vacuum in one Julian year: 1 ly = 9.460730472 × 1015 m. One parsec
is equivalent to 3.2615638 ly.

The Continuous Spectrum of Light
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•  1	pc	≈	3.262	light	year	
•  Measured	parallax	angle	of	1”	gives	a	

distance	of	1	pc	
•  Smaller	parallax	angle	->	larger	distance	



The Gaia Space Telescope




Gaia Data Release #2




Even	Gaia	can	only	go	up	to	~50	
kpc	—	GalacDc	scale.	How	about	
further	distances?	



Climbing the Cosmic Distance Ladder




Cepheid variables


•  For	a	class	of	variable	stars,	
there	is	a	Dght	relaDonship	in	
absolute	magnitude	and	
periods	

•  Can	be	used	as	a	standard	
candle	 MCepheids ≈ -1	to	-7	



Type Ia Supernovae


•  Type	Ia	Supernovae	has	a	well-
determined	absolute	magnitude	at	
maximum	light,	can	be	used	a	
standard	candle	at	greater	distances	

•  An	inverse	correlaDon	between	
maximum	brightness	and	the	rate	of	
decline	of	its	light	curve	

MSNIa ≈ −19.3± 0.03

For	Novae	



Secondary Distance Indicators: 
Luminosity FuncGons I


Globular	Cluster	Luminosity	FuncDon	 Planetary	Nebula	Luminosity	FuncDon	



Secondary Distance Indicators: 
Luminosity FuncGons II


Luminosity	funcDon	
of	Galaxy	Clusters	



Secondary Distance Indicators: 
GalacGc KinemaGcs


Tully-Fisher	RelaDon	for	spirals	 D-σ	relaDon	for	ellipDcals	
(modified	version	of	the	Faber-
Jackson	relaDon	but	Dghter)	



Distance Indicators: A Summary




Hubble’s Law of Universal Expansion


v = H0d
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The Expansion of Space


The	larger	the	distance,	the	faster	it	expands!	



The Cosmological RedshiP


Z = λnow − λrest

λrest

The	cosmological	redshi1	



The Cosmological Distance
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Non-relaDvisDc	

RelaDvisDc	



Hubble’s Constant
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In	convenDonal	units:	



The Hubble Time
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Assuming	the	expansion	remains	to	have	a	constant	velocity	



The Local Group


regular irregular

superclusters

The Local Group

Local Group zero velocity surface

r =
. ◦

FIGURE 11

ℓ = . ◦ b = − . ◦

Microlensing 2000: A New Era of Microlensing Astrophysics A. S. P. Conference Series
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Virgo Cluster


•  The	Milky	Way	is	part	of	
the	Local	Group	which	is	
part	of	the	Virgo	Cluster	
•  Located	in	the	direcDon	of	
constellaDon	Virgo	
•  1300	galaxies	in	this	group	



Local Supercluster




Structures on the Largest Scales



