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Topic 01- Nebular Hypothesis Of Laplace
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Topic 01- Nebular Hypothesis Of Laplace

French mathematician Laplace propounded his ‘Nebular
Hypothesis’ in the year 1796. According to this theory, the Sun and
all the planets of our Solar System began as a giant cloud of
molecular gas and dust. Then, about 4.57 billion years ago,
something happened that caused the cloud to collapse. This could
have been the result of a passing star, or shock waves from a
supernova, but the end result was a gravitational collapse at the
center of the cloud.From this collapse, pockets of dust and gas began
to collect into denser regions. As the denser regions pulled in more
and more matter, conservation of momentum caused it to begin
rotating, while increasing pressure caused it to heat up. Most of the
material ended up in a ball at the center while the rest of the matter
flattened out into disk that circled around it. While the ball at the
center formed the Sun, the rest of the material would form into the
protoplanetary disc.

The planets formed by accretion from this disc, in which dust
and gas gravitated together and coalesced to form ever larger
bodies. Due to their higher boiling points, only metals and silicates
could exist in solid form closer to the Sun, and these would
eventually form the terrestrial planets of Mercury, Venus, Earth, and
Mars. Because metallic elements only comprised a very small
fraction of the solar nebula, the terrestrial planets could not grow
very large.

In contrast, the giant planets (Jupiter, Saturn, Uranus, and
Neptune) formed beyond the point between the orbits of Mars and



Jupiter where material is cool enough for volatile icy compounds to
remain solid (i.e. the Frost Line). The ices that formed these planets
were more plentiful than the metals and silicates that formed the
terrestrial inner planets, allowing them to grow massive enough to
capture large atmospheres of hydrogen and helium. Leftover debris
that never became planets congregated in regions such as the
Asteroid Belt, Kuiper Belt, and Oort Cloud.

Laplace assumed certain axioms for the postulation of his
nebular hypothesis to solve the riddle of the origin of the earth.

Continuous decreased in the size and volume of the nebula.
Thus, reduction in the size and volume of the nebula increased the
circular velocity (rotatory motion) of the nebula. As the size of the
nebula continued to decrease, the velocity of rotatory motion
continued to increase.



Nebular Hypothesis

self-gravity contracts a gas ¢loud

conservation of angular momentum
- pulls cloud into a disk
P TN
S ‘\S:
i

e disk begins to rotate

v
PUNET e central mass forms (proto—Sun)

e
centrifugal force balances gravitational
forces and a ring forms

- T e ring forms into a planet

Source- Earth as a Planet | SpringerLink

Thus, the nebula started spinning at very faster speed and
consequently the centrifugal force became so great that it exceeded
the centripetal force. When this stage was reached the materials at
the equator of the nebula became weightless.

Consequently, the outer layer was condensed due to excessive
cooling a rotate with the still cooling and contracting central nucleus
of the nebula and thus the outer ring (layer) was separated from the
remaining part of the nebula. This separated ring of material started
moving around the nebula.

Laplace further maintained that the original ring was divided
into nine rings and each ring moved away from the other ring. All the
materials of each ring condensed at a point or knot in the form of
‘hot gaseous agglomeration’. Each such agglomeration was later on



cooled and condensed to form planet. Thus, nine planets were
formed from nine rings and the remaining central nucleus of the
nebula became the sun.

CRITISISM
(1) Where did heat and motion in that nebula come from?

(2) What was the reason behind the formation of certain fixed
number of planets from the irregular ring? Why did only 9 rings
come out from the irregular ring detached from the nebula?

(3) The small degree of cohesion between the particles of the nebula
would make the formatia continuous, not an intermittent,
process.

(4) If we accept the tenet of Laplace that the planets were formed
from the nebula, then the planets must have been in liquid
state in their initial stage. But the planets in liquid state cannot
rotate and revolve around the sun properly on of rings Why not
more or less than 9 rings?

The Laplacian nebular model was widely accepted during
the 19" century, but it had some rather pronounced
difficulties. The main issue was angular momentum distribution
between the Sun and planets, which the nebular model could
not explain. In addition, Scottish scientist James Clerk Maxwell
(1831 — 1879) asserted that different rotational velocities
between the inner and outer parts of a ring could not allow for
condensation of material.



It was also rejected by astronomer Sir David Brewster
(1781 — 1868), who stated that:

“those who believe in the Nebular Theory consider it as
certain that our Earth derived its solid matter and its
atmosphere from a ring thrown from the Solar atmosphere,
which afterwards contracted into a solid terraqueous sphere,
from which the Moon was thrown off by the same process...
[Under such a view] the Moon must necessarily have carried off
water and air from the watery and aerial parts of the Earth and
must have an atmosphere.”

By the early 20th century, the Laplacian model had fallen
out of favor, prompting scientists to seek out new theories.
However, it was not until the 1970s that the modern and most
widely accepted variant of the nebular hypothesis — the solar
nebular disk model (SNDM) — emerged. Credit for this goes to
Soviet astronomer Victor Safronov and his book Evolution of
the protoplanetary cloud and formation of the Earth and the
planets (1972). In this book, almost all major problems of the
planetary formation process were formulated and many were
solved.
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