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1- Images depicting the fu
largest to smallest

aliaallellg &aljodl

Jasall llellg ggall Yol Juaal

I range of scales in our universe, from
were originally presented by Dutchman Kees

Bieke in Cosmic View: the Universe in Forty Jumps (John Day,
1957) but were developed further, and achieved widest currency,

in a film and book entitled Powers of Ten by the office of Charles

and Ray Eames, together with Philip and Phyllis Morrison. (W.

H. Freeman, 1985)

| guigall Lisys gl Juadll

1- An alternative technique being developed is to repeatedly mea-

sure the star’s position accurately enough to trace its orbital ‘wob-
ble’. (Whereas the Doppler technique measures motions along the
line of sight, this method detects transverse motions in the plane

of the sky.)

1- This is the mechanical work that must be done to remove an atom

from a sphere. It can be thought of as the ‘inverse square’ force:
scaling as (mass)/(radius)2, multiplied by the distance through
which the force acts, which is proportional to (radius). It is also
known as the ‘binding energy’. It scales as (mass)/(radius)’ and
therefore as (mass)2/3 because, for constant densities: (radius)
scales as (mass)1/3.

2- The End of Time (Weidenfeld & Nicolson, 1999).
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3- This uncertainty about extreme conditions near the singularity
doesn’t erode our confidence in the existence of black holes or in
our understanding of their external properties. No more does the
mystery of quarks reduce our confidence in the standard physics
of atoms, which depends on the behaviour of electrons in orbits
on much larger scales.

(€)g \_'_jjg.\Jl J9aallg ogaidl : &l Juo sl

1- Livio et al. (Nature, 340, 281 1989) have computed just how sen-
sitive the carbon production is to changes in the nuclear physics.

r @Jgﬁ_” Lo sywoall Jun ol

1- According to Einstein’s theory, the gravitational attraction de-
pends not on density alone but on [(density)+3(pressure)/c2].
Leaving out the second term makes a factor of two difference
when the pressure of radiation is important. However, we shall
see in Chapter 7 that even in empty space there may be some
energy. If so, it will have a pressure that is negative (i.e. like a
‘tension’). The second term then cancels out the first, and caus-
es a major qualitative change: the expansion actually accelerates
rather than slows down. This counterintuitive result is important
in the early inflationary universe. and also at present if the energy
of empty space (lambda - see Chapter 7) is dominant.

2- There is no mixing between the Sun’s centre and its outer layers,
so there would be still more helium in the core, because of the
spent fuel from the fusion that has kept it shining over its 4.5 bil-

lion year history.
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|- The precise value of the cri
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tical density» and indeed some of the

other densities quoted heres depend on the actual scale of the uni-
verse - something that 18 only known with 10-20 per<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>