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The gravity of a massive object
bends the fabric of space and
time.
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http://archive.ncsa.uiuc.edu/Cyberia/NumRel/lmages/redshift.jpeg
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http://casa.colorado.edu/~ajsh/redschbig_gif.html

Tested by : white dwarf 1924, solar 1960s, earthbound 1960, and neutron stars
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the edge of the observable universe

This is an actual photograph of the first
flash o light emitted soon after the big
bang, 13.7 billon years ago. This light
has been stretched by the expansion of
the Universe and arrives at us as radio
waves. This primordial radiation is called
the Cosmic Microwave Background.

redshifted quasars

At these distances, the expansion of the
Universe stretches the light of the
quasars, turning then from biue to red,
as was the case for the sequence of
galaxies towards the bottom of this
map.

| quasars

Quasars are supermassive black holes
located at the center of certain galaxies.
If they accrete surrounding gas and
stars, they become extremely bright and
can be seen across the Universe. Their
light s biueish.

redshifted elliptical galaxies

As the Universe expands, photons get
stretched and objects appear redder.
This is the case for the eliptical
galaxies. At these distances, they
appear red 1o us. As we no longer
detect the fainter spial galaxies, the
flamentary structure is less visibl.

elliptical galaxies

Ellptical galaxies are yellowish and
much brighter than spiral galaxies. We
can see them farther away.

spiral galaxies

The map of the observable W | oo 2 gy v e

apparent color. Spiral galaxies are faint
h and blue. Our galaxy, the Milky Way, is a .
you are here . blue spiral that would look like one of
’ @ WL these it we coud obsenvo it fom the 2001000 galaX|eS and quasars
outside. with their actual positions and colors, shown from the Milky Way to the

. Cosmic Microwave Background — the edge of the Observable Universe.
© Ménard & Shtarkman | MapoftheUniverse.net Data from the Sloan Digital Sky Survey and the Planck satlit. SDSS
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Hubble Diagram

From the diagram:
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Expanding Universe
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The progenitor of a Type Ia supernova

RN aF )

...which spills gas onto the
Two normal stars The more massive secondary star, causing it to
are in a binary pair. star becomes a giant... expand and become engulfed.

-t

The secondary, lighter star The common envelope is .
and the core of the giant ejected, while the separation The remaining core of
star spiral inward within between the core and the the giant collapses and

a common envelope. secondary star decreases. becomes a white dwarf.

/
.
The aging companion The white dywarfES#nass
star starts swelling, spilling increases until it rea%:hes\a ...causing the companion

gas onto the white dwarf. critical mass and explbdes... star to be ejected away.
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Light Curves

SN 1997ap at == 0.83
observed from the
ground and with the HST

Perimutter, ef a/., Nature (1998)
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Observed days from peak

We observe most of the supermovae for approximately
two months in both the R and 7 bands (corresponding
approximately to the restframe B and I~ bands for the
median redshift). At high redshifts. a significant fractuon
of this host galaxy light 1s within the seeing disk of the
supermova. so final observatio about one year later are
usually mnecessary to obserwv (and subtract) the host
galaxy light after the supermova has faded. The plots to
the left and the right show just the R band light curves for
about half of the 40 supermovae that have been
completely observed and analyzed so far. The plots above
show the highest redshift spectroscopically confirmed
supernova. which was observed with the Hubble Space
Telescope

Perimutter, ef al., Nature [“IEJEE']

obel Prize in Physics 2011
berimutter, Brian P. Schmidt, Adam G. Riess
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photons

photon

If you know you have the same
source strength of light, then
counting the number of photons
through a standard area detector
tells you the distance to the source.

Light from a point source
drops off according to the
inverse square law, a
strictly geometrical
relationship.




Observer's view In 1998 two teams discovered
v \ that the universe’s expansion
* Earth ke rate is accelerating by study-

L ' ing Type la supernovae. The
brightness of a supernova
indicates its distance, and
the color indicates its redshift
due to cosmic expansion.
Top: In a uniformly expand-
ing universe, the distance
increases (the brightness
decreases) as the redshift
grows larger, as illustrated.
Bottom: The relation between
distance and redshift changes
in an accelerating universe.
High-redshift supernovae
appear more distant (and
thus fainter) than is the case
for uniform expansion.

Apparent brightness

Apparent brightness
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The Nobel Prize in Physics 2011
Saul Perimutter, Brian P. Schmidt, Adam G. Riess
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