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Abstract As is well known, black hole entropy is propor-
tional to the area of the horizon suggesting a holographic
principle wherein all degrees of freedom contributing to the
entropy reside on the surface. In this note, we point out that
large scale dark energy (such as a cosmological constant)
constraining cosmic structures can imply a similar situation
for the entropy of a hierarchy of such objects.
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The holographic principle (Susskind 1995; ‘t Hooft 1993)
has been invoked in connection with the well known result
that the entropy of black holes scales with the area of the
horizon (rather than volume like other systems). Thus:
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where A is the black hole horizon given by:
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M is the black hole mass.

This implies: S ∼= kB
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where, LPl = (�G

c3 )1/2 is the Planck length.

C. Sivaram
Indian Institute of Astrophysics, Bangalore, 560 034, India
e-mail: sivaram@iiap.res.in

K. Arun (B)
Christ Junior College, Bangalore, 560 029, India
e-mail: kenath.arun@cjc.christcollege.edu

Now in recent papers (Sivaram 1994a, 2008; Sivaram
and Arun 2012a) a new kind of cosmological paradigm was
invoked wherein the requirement that for a hierarchy of
large scale structures, like galaxies, galaxy clusters, super-
clusters, etc. their gravitational (binding) self energy density
must at least equal or exceed the background repulsive dark
energy density (a cosmological constant as current observa-
tions strongly suggests) implies a mass-radius relation of the
type:
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(The requirement that gravitational self energy density =
GM2

8πR4 should be comparable to the background cosmic vac-

uum energy density of Λc4

8πG
for the object to be gravitation-

ally bound (autonomous) structures, implies Eq. (4) above
(Sivaram 1994a, 2007, 2008)). Λ here is the cosmological
constant with an observed value of 10−56 cm−2.

Thus: M ∝ R2 (5)

Equations (4) and (5) are seen to hold for a whole range of
large scale structures, including the Hubble volume. Thus:

Rgal = 3 × 1022 cm ⇒ Mgal = 1045 g

Rclus = 3 × 1024 cm ⇒ Mclus = 1049 g

This relation holds right down to globular clusters (Sivaram
1994b).

Considering that these structures are constituted by N

particles of mass m, then the entropy can be written as:

S = kBN (6)

(for identical particles).
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