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• Red: 71% of cosmological attributed to 
dark energy  

• Blue: assumes no cosmological constant

• Black: empty universe with no cosmological 
constant

ΩM = 0.29, ΩΛ = 0.71, k = 0
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Effect on measurements

• Excessive redshift

• Light travel time increased

• Supernova “dimming”
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Properties of gravity waves

• Early universe: High density: force of gravity 
exceeds gas pressure: deceleration

• Transition phase: force of gravity equals gas 
pressure: steady expansion

• Current universe: Low density: force of 
gravity less than gas (radiation) pressure: 
acceleration
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Model of Gravity Waves

• All permeating potential energy

• m : mass equivalent of gravity waves
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Stress Tensor

• Isotropic fluid: traceless stress tensor

• Tν
µ =

ρc2 − 4πG
3

ρ2R2 0 0 0

0 − p 0 0
0 0 − p 0
0 0 0 − p
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Energy conservation

• Covariant divergence = 0

• Evaluate Christoffel symbols from

T;ν
µν = 0

ds2 = dt 2 −
a2 t( )
1− kr2

dr2 + r2dθ 2 + r2 sin2θ dφ( )
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Equation of state

Monday, June 15, 2009



Einstein equation

• Perfect fluid 00-component

•
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; k = −1,0,+1

Monday, June 15, 2009



Compare with data µP vs z

Empty space     vs dL =
c 1+ z( )
H0

sinh ln 1+ z( )z

ρC =
3H0
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Luminosity vs distance

dL =
c 1+ z( )
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Distance modulus: µP = m −M = 5 logdL + 25
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Supernova data (Riess 2006)

• Curve fit to data

• Distance modulus vs 
redshift spread over 13 
orders
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Fit to data minus empty space
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Aggregate Data

Yellow:
Λ = 0.7, M = 0.3, k = 0

Purple:

ρ0 / ρc = 0.4, k = −1
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Pressure vs “a” (zt=0.7)
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Solution Properties

• Exact solution of Einstein equations

• Free of free parameters

• Fit solution to distance modulus vs red-shift 
data

• Yields density from the Big Bang to now

• Map evolution of Universe
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Background gravitational waves T=24.9 K

Background electromagnetic waves T=2.7 K
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Temperature vs redshift
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Conclusion

• Non-uniform expansion of Universe driven 
by gravitational radiation

• Source of outward pressure is gravitational 
radiation

• Source of inward pressure is gravitation

• Both properties attributed to “Dark 
Energy”
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Fluctuations of pulsar signals

• Upper limit (Kaspi, Jenet)

• Energy density of Galactic halo 

• Field is static - no oscillations

• Source outside Galaxy 

Ωg 1/ 8 yr[ ]h2 ≤10−8

6 ×10−12 J /m3
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New experiment: Measure 
dispersion vs z

• (i) Dispersion of supernova position (x-y)

• (ii) Dispersion of light arrival time

• (iii) Dispersion of redshift

• Measure dispersion of sources at different 
redshifts

• Window to Planck moment
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Dispersion of supernova light
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Dispersion in redshift
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Width of peak vs redshift
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Results 1

• Deviation from Hubble line caused by 
cosmological gravity waves (dark energy)

• Universe is open 

• Current temperature is 

k = −1

TΓ = 25K
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Results 11

• Current density is                 of critical 
density

• At              Universe transitions from 
deceleration to acceleration

• Mass of Universe is

ρ0 / ρc = 0.4

zT = 0.77

1054 kg
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THANK YOU!
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