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Lecture 33Lecture 33
Measur ing cosmological Measur ing cosmological 
parameters: From handparameters: From hand--
waving arguments to waving arguments to 
precision cosmologyprecision cosmology
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Georgy Gamov Georgy Gamov (1904(1904--1968)1968)

•• If the universe is expanding, then If the universe is expanding, then 
there has been a big bangthere has been a big bang

•• Therefore, the early universe must Therefore, the early universe must 
have been very dense and hothave been very dense and hot

•• Optimum environment to breed the elements by Optimum environment to breed the elements by 
nuclear fusion (nuclear fusion (AlpherAlpher, , Bethe Bethe & & GamowGamow, 1948), 1948)
** success: predicted that helium abundance is 25%success: predicted that helium abundance is 25%

** failure: could not reproduce elements more massive failure: could not reproduce elements more massive 
than lithium and beryllium (than lithium and beryllium (�� formed in starsformed in stars))
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Penzias Penzias and Wilson 1965and Wilson 1965

•• Working at Bell labsWorking at Bell labs

•• Used a satellite dish to measure radio Used a satellite dish to measure radio 
emission of the Milky Wayemission of the Milky Way

•• They found some extra noise in the They found some extra noise in the 
receiver, but couldn’ t explain itreceiver, but couldn’ t explain it
�� discovery of the background radiationdiscovery of the background radiation

•• Most significant cosmological observation Most significant cosmological observation 
since Hubblesince Hubble

•• Nobel prize for physics 1978Nobel prize for physics 1978
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The cosmic microwave The cosmic microwave 
background radiation (CMB)background radiation (CMB)

•• Temperature of Temperature of 
2.728±0.004 K2.728±0.004 K

•• isotropic to isotropic to 
1 part in 100 0001 part in 100 000

•• perfect black bodyperfect black body

•• 1990ies: CMB is 1990ies: CMB is 
one of the major tools to study cosmologyone of the major tools to study cosmology

•• Note: ~1% of the noise in your TV is from Note: ~1% of the noise in your TV is from 
the big bangthe big bang
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More results from the CMBMore results from the CMB

•• The Earth is moving The Earth is moving 
with respect to the with respect to the 
CMB CMB �� Doppler shiftDoppler shift

•• The emission of the The emission of the 
GalaxyGalaxy

•• Fluctuations in the Fluctuations in the 
CMBCMB
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The BOOMERANG missionThe BOOMERANG mission
•• COBE was a satellite mission, why ?COBE was a satellite mission, why ?

** Measure at mm and subMeasure at mm and sub--mm wavelengthsmm wavelengths

** Earth atmosphere almost opaque at those waveEarth atmosphere almost opaque at those wave--
lengths due to water vaporlengths due to water vapor

** satellite missions take a satellite missions take a 
long time and are expensivelong time and are expensive

•• What can be done from the What can be done from the 
ground ?ground ?
** Balloon experimentBalloon experiment

** desert desert �� South PoleSouth Pole
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The BOOMERANG missionThe BOOMERANG mission
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The BOOMERANG missionThe BOOMERANG mission
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Where do the CMB fluctuations Where do the CMB fluctuations 
come from ?come from ?
•• Wrinkles: some regions have a slightly Wrinkles: some regions have a slightly 

higher gravity, some a slightly lower higher gravity, some a slightly lower 
(“potential wells” )(“potential wells” )

•• Matter falls into potential wellsMatter falls into potential wells
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Where do the CMB fluctuations Where do the CMB fluctuations 
come from ?come from ?
•• Wrinkles: some regions have a slightly Wrinkles: some regions have a slightly 

higher gravity, some a slightly lower higher gravity, some a slightly lower 
(“potential wells” )(“potential wells” )

•• Matter falls into potential wellsMatter falls into potential wells
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•• Competition between gravity (pull in) and Competition between gravity (pull in) and 
pressure (push out) pressure (push out) �� oscillationsoscillations

•• ““ The Sound of the UniverseThe Sound of the Universe””

What happens to the What happens to the infalling infalling gas?gas?

•• Competition between gravity (pull in) and Competition between gravity (pull in) and 
pressure (push out) pressure (push out) �� oscillationsoscillations
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Can we see the sound of the Can we see the sound of the 
universe ?universe ?
•• Compressed gas heats upCompressed gas heats up

�� temperature fluctuationstemperature fluctuations
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How can we measure How can we measure WWWWWWWW00 ??

•• Count all the mass we can “see”Count all the mass we can “see”
** tricky, some of the mass may be hidden …tricky, some of the mass may be hidden …

•• Measure the rate at which the expansion of Measure the rate at which the expansion of 
the universe is slowing downthe universe is slowing down
** a more massive universe will slow down fastera more massive universe will slow down faster

•• Measure the geometry of the universeMeasure the geometry of the universe
** is it spherical, hyperbolic or flat ?is it spherical, hyperbolic or flat ?
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How can we measure How can we measure the the 
geometry of the universegeometry of the universe
•• We need a yard stick on the CMBWe need a yard stick on the CMB

•• For different curvatures, a yard stick of For different curvatures, a yard stick of 
given length appears under different anglesgiven length appears under different angles
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Measur ing the Curvature of the Measur ing the Curvature of the 
Universe Using the CMBUniverse Using the CMB

•• Sound waves Sound waves 
�� resonatorresonator

•• lowest pitch: lowest pitch: 
fundamental mode fundamental mode 
resonatesresonates

•• fundamental mode: fundamental mode: 
distance sound can distance sound can 
travel over the age travel over the age 
of the universe of the universe 
(@ z=1100) (@ z=1100) �� yard stickyard stick angleangle
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The BOOMERANG missionThe BOOMERANG mission
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The Music of the UniverseThe Music of the Universe
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Measur ing the Curvature of the Measur ing the Curvature of the 
Universe Using the CMBUniverse Using the CMB
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Measur ing the Curvature of the Measur ing the Curvature of the 
Universe Using the CMBUniverse Using the CMB
•• Recall: with Recall: with 

supernovae, one supernovae, one 
measures measures 
qq00 ==½½WW00 –– WWLL

•• CMB fluctuations CMB fluctuations 
measure curvaturemeasure curvature
�� WW00 + + WWLL

•• two equations for two equations for 
two variablestwo variables
�� problem solvedproblem solved
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What comes next ?What comes next ?

MAPMAP PlanckPlanck
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Per formance of MAP/PlanckPer formance of MAP/Planck


