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General Relativity (1915):
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Teoria Wielkiego Wybuchu:
-prawo Hubble’a v=Hr

- sktad chemiczny Wszech§wiata Helium-4. [*He/(H+He)] = 0.23

Deuterium. [2H/H] = 1.5 x 10-
Helium-3. [*He/H] = (1.2-15) x 10°5
Lithium-7. log[’Li/H] = -9.8

Tritium 3H is unstable with a half-life of 12.46 years.

- istnienie 1 wlasno$ci MPT




Open Universe Closed Universe
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An gpen universe expands forever because il does ot contain enough mass, and so does not have encuegh gravity
slow the expansion of space, A closed universe contains enaugh Mmass to halt the expansion. and evenlually collapses
universe with a "critical density” of matter in space is exactly balanced betwaen these twa alternatives, and expands
an ever-slowing rate.
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Figure 21.6  The three possible fates of the universe.
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Fis. 2—Reproduced from Hubble (1929). The first **Hubble disgram™ incloding galaxies with redshifts wp to 1100 km 37" and implying a Hubble constant

near 500 Jm s~ Mpe.

Hubhle's Cepheids is often wrongly cited (e.g., by de Vau-
couleurs 1982) as PASP, 5, 261, 1925. In fact, Vol. 5 of
PASP appeared in 1893 or thereabouts. Probably the short-

lived Publications af the American Astronomical Society is
meant bt T have nnt checked thic

mentions 465, 513, and 530; the graph shows lines for 465
and 513, A modemn eye examining the plotted points inevi-
tably concludes that Hubhle was perfectly honest about the
random errors of the result. The problem lay, as nearly al-
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The chemical composition of the stars

In the early days of astrophysics scientists thought that the stars were probably similar to the Earth in
chemical bUlllpUblLlUll When Luf‘:y passeu star ugut Lul‘O‘L‘Lgu apr ism and examined the LCbulhﬁg
spectrum, they found absorption (and occasionally emission) lines of many elements common here on

Earth. For example, here's a portion of the spectrum of Arcturus (taken from a paper by Hinkle, Wallace
and Livingstone, PASP 107, 1042, 1995):
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In the nineteen-twenties, Cecilia Payne studied the spectra of stars, and devised a way to figure out the
temperature and true chemical composition of stars. She concluded that the atmospheres of stars were

*NOT made up of the same mix of elements as the Earth

*NOT wildly variable in composition

but 1n fact,

ealmost entirely hydrogen, in almost all stars

This was so surprising that scientists ignored or rejected the idea for several years. Eventually, after
further study confirmed Payne's work, the astronomical community had to concede that the stars were,
in fact, very different from the Earth. They appeared to be made up of

*90% hydrogen (by number of atoms)
*10% helium

tiny traces of heavy elements (everything else)






*Helium-4. [*He/(H+He)] = 0.23 1

*Deuterium. [?’H/H] =1.5x 10 10~
*Helium-3. [*He/H] = (1.2-15) x 10 10°%
]
Lithium-7. log[’Li/H] = -9.8 H TE
*Tritium *H is unstable with a half-life of 12.46 years. E 10~
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Age of the universe (billions of years)




Blackbody Radiation
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Blackbody Radiation

Wavenurber, cm-1
50 25 17 125 10 83 171

‘Wavelength (microineters)

Note that the peak wavelength at which a blackbody emits becomes
shorter as the object becomes warmer:

Object Temperature (K) Peak wavelength Radiation
cold molecular cloud 10 2.9 mm microwave
warm gas cloud 100 0.29 mm far infrared
live human 310 9355 nm infrared

Sun 5770 530 nm visible




Podstawowe pojecia:

Kosmiczne Mikrofalowe promieniowanie tta — relikt Wielkiego
Wybuchu

3 stopnie powyzej zera absolutnego (-270 stopni Celsjusza)
mm-cm dtugosci fal

400 fotondw na centymetr szescienny

10 biliardow fotonéw na sekundg na centymeter kwadratory
Kilka % ,,$niegu,, na ekranie TV

Temperatura nieco rézna w réznych miejscach na niebie - 1 czg$¢ na
100,000.
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1934:
Richard Tolman shows that blackbody radiation in an expanding universe cools, but retains its thermal distribution and remains a
blackbody.
1941:
Andrew McKeliar uses the excitation of CN doubiet lines to measure that the “effective temperature of space™ is about 2.3° K. [CN
is the cyanide or nitrile radical]
1948:
George Gamow, Ralph Alpher, and Robert Herman predict that a Big Bang universe will have a blackbody cosmic microwave
background with temperature about 5° K.
1955:
Tigran Shmaonov finds excess microwave emission with a temperature of roughly 3° K. So do several other researchers, starting
with Andrew McKellar's 1941 observations of the excitation of interstellar CN molecules, but they do not follow through
sufficiently, until Penzias and Wilson in 1964.
1964:
A.G. Doroshkevich and Igor Novikov write an unnoticed paper suggesting microwave searches for the blackbody radiation
predicted by Gamow, Alpher, and Herman.
1965:
Arno Penzias and Robert Wilson discover the 3° K cosmic microwave background radiation. Through the connection of Bernie
Burke, Robert Dicke, James Peebles, Roll, and Wilkinson, they learn about and interpret the measurement.
1966:
Rainer Sachs and Arthur Wolfe theoretically predict microwave background fluctuation amplitudes created by gravitational
potential variations between observers and the "last scattering surface".
1968:
Martin Rees and Dennis Sciama theoretically predict microwave background fluctuation amplitudes created by photons traversing
time-dependent potential wells.
1969:
R.A. Sunyaev and Yakov Zel'dovich study the inverse Compton scattering of microwave background photons by hot electrons.
1990:
The satellite shows that the microwave background has a nearly perfect blackbody spectrum and thereby strongly supports
the hot Big Bang model and the thermal history of the Universe, and constrains the density of the intergalactic medium.
1992:
The satellite discovers anisotropy in the cosmic microwave background, this strongly supports the Big Bang model, with
gravitational instability as the source of large scale structure. This discovery energizes and motivates the field in both theory and
experiment, leading to an explosion of activity.
2001:
(Microwave Anisotropy Probe) to be launched as a NASA MidEX mission.

2004:

(Max Planck Surveyor formerly known as COBRAS/SAMBA) to be launched as an ESA (European Space Agency)

Mission.
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In order to make a blackbody spectrum, an object as to be opaque, non-reflective and isothermal. Thus a star, which is opaque,
because we can see both cooler outer layers and hotter deeper layers. But even though the
as it evolves, with T,z = T, (1+2), the Universe looks isothermal because the redshifting of radiation makes the warmer but redshifted
distant Universe appear to have exactly the same temperature as the Universe today.
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— 1001 T interstellar molecules in 1940. The image at right shows a spectrum of
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l t t | rotationally excited CN. The significance of these data was not
. I realized at the time, and there is even a line in the 1950 book Spectra
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015 s m 15 20 +/- 0.027 K at a wavelength of 2.64 mm
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Steady-state hypothesis

Herman Bondi
(1919-)

Thomas Gold (1920-
2004)

Only a very little matter needs to be formed, roughly a
few hundred atoms of hydrogen in the Milky Way Galaxy

each year
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Born: 11 Sept 1877 in Ormskirk, Lancashir
Died: 16 Sept 1946 in Dorking, Surrey
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The Archeops Experiment
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... exactly a blackbody spectrum, with a peak wavelength of 1.869 mm,
corresponding to a temperature of T = 2.725 +/- 0.010 K .
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