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A Hubble Space Telescope image of the
bipolar planetary nebula M 2-9,
sometimes called ‘the butterfly nebula’.
It prompted a very detailed
hydrodynamical study aimed at
reproducing the evolution of the nebular
lobes and the knots of emission within
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A spectrum of the Ring Nebula showing
the presence of hydrogen, helium, oxygen,
nitrogen, sulfur and argon.
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Planetary nebulae, even if not
spherical, have simpler geometries
than other types of nebulae, making
them more amenable to analysis, in
particular of their dynamics.

Using their spectra (sce TUIMP 30),
astronomers can identify what
elements they are made of. This
allows the determination of the
chemical composition of the
interstellar medium when the
parent stars were born. This also
enables astronomers to measure
the amounts of elements as
carbon, krypton, or xenon, which are
produced by these stars.

The methods used to measure
chemical abundances were devised
about &0 years ago. They rely on
data computed by atomic
physicists and are still being
refined today.
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A few artworks
representing
the death of
the Sun as a
planetary
nebula.

Above:
Credit Regulus36/
deviantart, adjusted
by DM to mitigate
compression effects

Right:
Credit Joe Tucciarone

Left:
Credit

DETLEV VAN
RAVENSWAAY /
SCIENCE PHOTO
LIBRARY
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Stars spend most of their lives burning
hydrogen intheir cores (see TUMP 14).
When hydrogen is exhausted, the
star’s core shrinks and the outer
layers expand and cool: a red giant is
formed.

Then helium ignites in the core, leading
to the synthesis of carbon and oxygen.
If the star’s initial mass is smaller than
afew times Suns, the process ends
with helium burning. The cool outer
layers are expelled, creating a gas and
dust envelope while the core shrinks to
become a carbon-oxygen white dwarf.
The white dwarfis very hot and emits
photons energetic enough to ionize the
envelope, which then starts to shine: a
planetary nebula appears. Its lifetime
is determined by the star's cooling
rate and the envelope's expansion. It is
typically about 20,000 years.
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Two of the most famous planetary
nebulae (Source HST)

Two famous
bipolar
planetary
nebulae

(Source HST)

Two
planetary
nebulae with
complex
structures

A diamond ring in the sky.
A spherical planetary nebula,
aligned by chance with a §
foreground star.
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This booklet was written in 2023 by
Grazyna Stasifiska from Paris
Observatory and revised by Stan Kurtz,
from UNAM, Mexico.

Cover image: Hubble Space Telescope
image of the centre of the Cat’s Eye
Nebula.
Credit: NASA, ESA, Hubble, HLA;
Reprocessing & Copyright: Raul
Villaverde.
All the images in this booklet, unless
otherwise stated, are from the Hubble
Space Telescope (NASA, ESA).
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- collection and the themes
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You have certainly seen such
pictures on magazines covers:
These are images of perhaps the
most beautiful celestial bodies.

The colours, as in many astronomical
images, are actually ‘false colours’
that help scientists see the
details they are interested in.
Amateur astronomers howadays
also produce dazzling false-colour
images of planetary nebulae.

In reality, these objects, when seen
in a telescope, look greenish. The
first ones that were observed
reminded astronomers of planets.
Hence the name planetary nebulae.

But, as we will see in this booklet,
planetary nebulae have nothing to
do with planets; rather, they
should be called ‘stellar nebulae’,
being clouds of gas expelled by
aging stars.



