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Figure 15.1. Deep galaxy map of a square section of the sky, 6”
on a side, made from data supplied by Rudnicki and colleagues at
the Jagellonian University in Cracow. The average galaxy among
the more than 10,000 counted may be located between two and
three billion light-years away in this map. Notice that the
distribution on this scale is almost random, in contrast with
Figure 14.6. (For details, see Groth, Peebles, Seldner, and
Soneira, Scientific American, 237, May 1977, 76.)
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2443 HAMUY ET AL.: SNe Ia LIGHT CURVES
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FIG. 8. The template B (top), V (middle), and 7 (bottom) light curves of SN
1992al. Also shown are the graphical representations of the key parameters
defined here in order to characterize the shape of the individual templates.



2394 HAMUY ET AL.: CALAN TOLOLO Ia SNe

Calan/Tololo SNe Ia
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FiG. 1. The absolute B,V, and / magnitudes (from Table 1) of the 29
Calan/Tololo SNe Ia plotted as a function of Am,s(B). Points with dotted
error bars correspond to the two SNe (90Y and 93H) suspected to be sig-
nificantly reddened by dust and to the intrinsically red SN 1992K. The ridge
lines correspond to weighted linear least-squares fits to the remaining 26 (B
& V) and 22 (I) SNe with 0.87<Am 5(B)<1.69.



“In your heart, you know it's wrong.” —
Supernova Search Team member Robert R
on the prospect of cosmie aceeleration.









A regra de Birkhoff é forcada, mas vamos brincar um pouco:

E=mv*2/2-Gmm/r=constante
assumindov =Ho *r

seE=0->p=3Ho"2/8pI G



Assumindo que
nao ha
desaceleracao:

t=Ho ~(-1)







Curso relampago de relatividade geral 0
a curvatura do espaco em um campo gravitacional

a equivaléncia entre gravidade e aceleracao












Fotos eclipse solar
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GRAVITATION AND COSMOLOGY

BOX 15.4
Summary of Conventional Matter-Dominated
Cosmological Models

Type Discoverers

Closed Friedmann-Lemaitre

. Spatial Total P e |

curvature  volume Present dmfty _ - Present age

Positive Finite Pmo > 3‘Ha 28nG 0 <ty <3H,™!
to=%H, ™"

IFlat
Open Friedmann-Lemaitre ~ Negative Infinite

Finstein-de Sitter Zero Infinite  pPmo = 3H o 2/8nG
me < 3‘”0 fS‘EG t

Ultimate fate: Closed— will recontract ; Flat—barely expands forever* Open-*-expands forever.




O Universo das formigas,

OuU como um ser bi-dimensional se sente em um mundo tri-
dimensional






Figure 15.14. The common ant’s view of its world with its city
(white dot) being at the center of a flat circular plane containing
many other ant cities (black dots).
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Testes cosmoldgicos atraves do diagrama de Hubble
fontes padrao
f=L/4pirm2*1/(1+z) * 1/(1+2)

nc/A tempo

reguas padrao
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Fig. 6. Deviations in the Hubble diagram. Each point in this plot
shows the difference at each redshift between the measured
apparent brightness and the expected location in the Hubble
diagram in a universe that is expanding without any acceleration
or deceleration. The blue points correspond to median values in
eight redshift bins. The upward bulge at z {approx} 0.5 is the
sighature of cosmic acceleration. The hint of a turnover in the data
at the highest redshifts, near z = 1, suggests that we may be
seeing past the era of acceleration driven by dark energy back to
the era of deceleration dominated by dark matter. From top to
bottom, the plotted lines correspond to the favored solution, with
30% dark matter and 70% dark energy, the observed amount of
dark matter (30%) but no dark energy, and a universe with 100%
dark matter (from ref. 18).



Hubble diagram at high z is complicated y evolutionary and
cannibalism effects.

why many astronomers believe that the universe is open.
If they are correct, evolution is more important than

cannibalism.

%

Problem 15.12. Another observational cosmological
test involves the use of “standard rulers.” Suppose we
have a galaxy of fixed length [, in its rest frame, and sup-
pose this length is oriented perpendicular to our line of

Define oy = Hly/c, and calculate its numerical value
for a large galaxy. Convert your answer to seconds of
arc. With the functions r(z) given in Problem 15.11, plot
A0 versus z as expected theoretically for a flat and an
empty universe. Can you explain why A0 increases wj
large z for a flat universe? Hint: consider whether tt
universe as a whole can act as a gravitational lens. (
struct the two-dimensional analogue of the effect ({

closed universe) by considering rulers on an expai
sphere. (See figures below.) | i
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