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1. HW 5 is due today after class. 1. HW 5 is due today after class. 

2. 2. HW 6 is distributed HW 6 is distributed –– due next Friday. due next Friday. 
(Also available as PDF on the class website)(Also available as PDF on the class website)





The greatest blunder or the greatest guess?The greatest blunder or the greatest guess?

Einstein originally introduced cosmological 
constant as an ad hoc term in his equations 
to create homogeneous, finite and static 
Universe. The constant provides a repulsive 
force which counteracts gravity due to matter 
on large scales. 

This original motivation is obsolete given that 
the observed Universe is expanding and 
Einstein abandoned it after discovery of 
epansion of the Universe, calling it his 
“greatest blunder.”

Given that the acceleration of the Universe 
expansion is measured, cosmological 
constant may not be zero after all…

http://xxx.lanl.gov/abs/0712.2196

some interesting 
reading about history
and meaning of Λ



Time magazine, 2001Time magazine, 2001



We have no clue yet. 

cosmological constant can be the 
quantum energy of vacuum, in 
principle…

Such energy is predicted by 
quantum field theory and its effects 
are observed and measured in the 
laboratory (Kasimir effect). 

However, straightforward 
calculations predict cosmological 
constant some ~60-120 orders (10120

times!) larger than what’s observed. 

What is cosmological constant?What is cosmological constant?



Generalizing Generalizing ΛΛ: dark energy: dark energy

Cosmologists now discuss a general dark 
energy as a possible driving force behind 
acceleration of the Universe (U.Chicago’s
Michael Turner coined the term the dark 
energy).

The dark energy is due to some field, the 
quintessence, associated with a yet unknown 
interaction or particle (new physics)

Michael Turner
(U.Chicago)



What is Dark Energy?What is Dark Energy?

If it is a field, rather than 
cosmological constant, it stands to 
reason that its energy density does 
not have to be constant 

In general, acceleration can be 
caused by anything that provides 
negative energy which can act as 
anti-gravity in Einstein’s equations

cosmologists parameterize their 
current ignorance by adopting a 
simple form of equation of state for 

dark energy: 

P = w ρ

cosmological constant 
would correspond to

w=-1



Best current constraint on wBest current constraint on w
using all available datausing all available data

still consistent with cosmological constant 
(w=-1)!



SNAP satellite proposal

future accurate experiments can
measure w and its change with time



We should remember that the data We should remember that the data 
show accelerated expansionshow accelerated expansion

-It can be interpreted as dark energy in the context of general relativity theory 

OR as failure of the GR theory itself (i.e. signature that gravity is different 
from what GR predicts on large scales)



Gia Dvali
(NYU)

Modified gravityModified gravity
model of model of DvaliDvali, , 

GababadzeGababadze & & PorattiPoratti

the model predicts that 
gravity gets weaker 
because some of the 
gravitons, force carriers of 
gravity leak into extra 
dimension(s)



Distinguishing modified gravity fromDistinguishing modified gravity from
dark energydark energy



http://www.lhup.edu/~dsimanek/cutting/ageuniv.htm

Cosmological parameters and the ageCosmological parameters and the age
of the Universeof the Universe

Modern age measurement: 13.7+-0.3 billion years



Expansion history of the UniverseExpansion history of the Universe



Plotted in a different wayPlotted in a different way……


