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Protoplanetary disks - images from ALMA, VLT,
and Hubble telescopes. Credit: NASA, ESA, ESO,
STScl, ALMA, S. Andrews (CfA), Bill Saxton
(NRAO, AUI, NSF), T. Stolker (ALMA)

Planetary systems around young stars
are formed in protoplanetary disks. The
physics of this process is extremely
complex. The images we obtain with
telescopes allow us to better
understand individual stages of the
process. But theory is also important,
because the images do not show how the
first ice grains, the first rocks, and the
seeds of planets form.
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Some of the most complex accretion
disks are those that form around young,
newly-forming stars. Our Earth was
formed from such a disk orbiting the Sun
4.5 billion years ago. That is why this
process, occurring now around other
stars, is so fascinating.

These disks consist of gas, ice grains, and
rocky fragments. The material comes
from the remnants of the cloud from
which the star itself formed, but it
undergoes constant transformations.
Some gas falls into the star, someis
blown away, some forms gas planets.
Dust grains collide and stick together,
growing larger and larger, and uttimately
form rocky planets, but the process is
slow and difficult to understand in detail.
Therefore, all observations of this
process are valuable.
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Image of the black hole at the center of the Milky
Way, with the magnetic field lines indicated
(EHT).

The center of our Galaxy cannot be seen with
optical telescopes because there is too much
dust inthe way. But radio waves can pass
through this dust and allow us to see the
Galactic center. The image shown above was
taken with millimeter radio waves. This allows
the accretion disk to be seen. The shadow in
the centeris where the black hole is located; it
does not shine itself. The image required the
cooperation of many radio telescopes on
Earth, each one contributing data used to
formtheimage.
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Not all disks are so slightly visible, shining
with reflected light. When a disk is made
of gas, and is permeated by a magnetic
field, the material in the disk churns
dramatically, heats up, and shines by its
ownlight. Losing energy and angular
momerrtum, this hot plasma drifts
towards the central object. These are
known as accretion disks. This apparent
paradox - losing energy but becoming
hotter- comes fromthefact that
gravitational potential energy is lost
and converted into kinetic (velocity) and
thermal energy. The effect is strongest
when the central object is compact,
measured by the ratio of its radius to
its mass. Such compact objects are
neutron stars and black holes. There are
many of themin space, and the process
of matterfalling onto themis quite
common; it can last from seconds to
years.
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Saturn's Rings (NASA/ESA Hubble Space
Telescope)

The motion of particles in circular orbits
is by ho means the simplest example of
motion. When no force acts on a body, it
moves in a straight line at a constant
speed. But gravitational interaction
bends the body's path. The orbit depends
on two values: the body's energy and its
angular momentum. Higher energy, for
example of a comet, causes it to move
away after orbiting about the Sun. Too
little energy does not allow it to escape,
and it remains trapped in an elliptical
orbit about the Sun. Circular motion is a
very special case of such motion.
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The disk around
the young star
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4. Ura rings

ALMA (ESO/NAOJ/NRAO) int red

Only the first image

does not show a disk! Iliaalalaaelig)

©. Protoplanetary
disk around the

5. Image of the star Elias 2-27
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The Universe in My Pocket No. 47

This booklet was prepared in
2026 by Bozena Czerny from the
Center for Theoretical Physics of
the Polish Academy of Sciences in
Warsaw and revised by Stan Kurtz
from IRyA (Morelia, Mexico).

Cover: photo of the disk around the
young star HL Tauri, where planets are
currently forming. Credit: ALMA
(ESO/NAOJ/NRAO)
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Who among us has not seen Saturn's
rings? Perhaps through a telescope?
Or atleast in a picture? They are
beautiful and eternal, at least from
the perspective of human life. They
look like rings when we look at them
from above. But when we look from
the side, they look like a very thin disk.

Saturn's rings are made of lumps of
ice, with a small mixture of rocky
debris. These lumps move in fixed
circular orbits, practically without
random collisions, which is why, after
the initial chaos during the formation
of the Solar System, they have
lasted for millions of years. However,
the few random collisions that do
happen may cause the rings to
disappear in about 300 miillion years.



