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Layman’s Summary

Astronomy is the science which deals with the constitution, relative positions, and
motions of the heavenly bodies. Although at first sight the sky is inhabited by stars,
other astronomical objects such as planets, asteroids, gas and dust clouds are also
found. Studies of the heavens since ancient times have shown that in the universe,
some regions are more densely populated than others. This basically means that most
of what we see is arranged in some structures which we call galaxies (see Fig. 7.1).

Figure 7.1: Some images of galaxies which shows the typical features and compo-
nents that we will talk about in the rest of this thesis. For simplicity, on the right, the
cartoon galaxy is viewed from the side.

Galaxies come in a variety of shapes, with the distribution of shapes depending,
in a way not yet completely understood, on their the evolution. Some galaxies have a
smooth round or elongated shape, and are called elliptical galaxies. Some, the spiral
galaxies, have spiral arms while others have a linear feature, called a bar, from which
ends the spiral arms originate (see Fig. 7.2). The shape of a galaxy does not re-
main constant with time. Sometime galaxies may collide with one another and hence
change their shapes. One well known example of this is that when spiral galaxies
merge; they may become elliptical galaxies. However, deformation of galaxies does
not occur only via collisions. Internal processes may also deform the galaxies with
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time, hence a galaxy is evolving by itself. The time-scales we talk about here are on
the order of billions of years.

Spiral Galaxies

Barred Galaxies

Figure 7.2: Galaxies come in a variety of shapes. Here we mainly focus on barred
and unbarred spiral galaxies.

Our galaxy, the Milky Way, has spiral arms in which the younger stars and most
of the gas are found. Spiral galaxies are generally rich in gas and dust, and since we
look at them from different angles, when viewed from above we see the spiral arms
or the bars easily, and when viewed sideways they are hard to detect. Studying such
systems is simplified if we assume each spiral galaxy to consist of the three main
sub-components, i.e., a halo, a bulge, and a disk. The halo is a large and relatively
faint part of the galaxy, which is round and contains most the total mass. The bulge is
a thick light concentration around the galactic centre, and the disk is a flattened part
of the galaxy in which often the spiral arms and a bars can be found (see Fig. 7.1).
Within the class of spiral galaxies one makes the distinction between early-type spiral
galaxies which are characterised by a large prominent bulge in the centre and clearly
visible spiral arms, and late-type spiral galaxies which have a small central bulge and
a chaotic, not well defined spiral pattern (see Fig. 7.3).

Here we will focus on one of the most fundamental properties of spiral galaxies,
the fact that objects move in almost circular orbits around the centre, whether they
are in the bar, in the spiral arms, or between them. However, stars in barred galaxies
have been observed to have other internal motions superimposed on the simple rota-
tion of the disk. In this context, we wish to examine whether we can find out more
information about these motions and whether we can find out how the non-rotational
motions could change the fate of a galaxy.

In galactic astronomy, the only experiments that can be carried out are those
investigating the light that we receive from the galaxies. Telescopes are used to gather
the light that we receive, and using our knowledge about the properties of light, we
carry out the science. Light can sometimes be regarded as particles (called photons),
but for our study it is easier to treat it as a wave. Light waves come in different
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wavelengths, some of which we can directly see with our eyes, and some others for
which we have to use devices such as digital detectors to detect. Our study has made
use of optical light which includes the visible wavelengths.

Elliptical Galaxy Late−type Spiral Galaxy

Early−type Spiral Galaxy

Figure 7.3: Here we present two elliptical galaxies on the left, a typical early-type
spiral galaxy in the middle, and a typical late-type spiral galaxy on the right.
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Figure 7.4: Light from a light source (such as a star) travels through space and can
be observed through a prism. Direct observation provides a spectrum containing all
the colours (bottom left). A ray can go through a cloud and give rise to an absorp-
tion spectrum (top right). A ray can be bounced off by the cloud and give rise to an
emission spectrum (bottom right). The position and number of the absorption and
emission lines depends on the chemical elements that are in the gas cloud.
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Spectrum from this side is redshifted Spectrum from this side is blueshifted
Approaching sideReceding side

A Rotating Spiral Galaxy

Figure 7.5: Here we illustrate a rotating galaxy. Different parts of the disk are rotat-
ing with different speeds, and hence the spectral lines form each parts are red or blue
shifted with a different amount. The vertical arrow going through the centre of the
galaxy is referred to as axis of rotation.

The light from a galaxy can either be gathered directly to obtain an image, or be
decomposed into its colours by putting a prism in its path to form a spectrum (see
Fig. 7.4). Given that the light may go through various media, such as a gas and/or
dust cloud, before reaching us, the properties of the images and the spectra may
change. An example of such changes is that we see darker and brighter regions in the
images (dust makes parts of the image darker, and gas and stars makes some other
parts of the image brighter). Spectral features also tell us through which media the
light has passed before reaching us. For example, a spectrum from a star has many
absorption lines, which are due to elements in the upper layers of the star absorbing
the light coming from the interior. By studying these absorption lines, one knows
the composition of the star. If this light passes through a cloud of dust or cold gas,
more absorption lines will be present in the observed spectrum. Furthermore, a hot
gas cloud can re-direct the radiation from a background star in the form of emission
features in the spectra (see Fig. 7.4).

Here we have made use of one of the properties of light waves, which is that
motions can be translated into shifts in the spectra. If an objects moves away from
us, then the spectral lines are shifted towards redder colours, and if an object moves
towards us, the positions of the spectral lines are shifted towards bluer colours. Mea-
suring how much the line has been shifted gives us a direct measure of how fast and
in which direction the observed object is moving. This effect is called the Doppler
effect, and is commonly used in astronomy.

The observed motions do not necessarily need to be motions of the entire galaxy
away from us or towards us. If a galaxy is rotating, some regions are moving towards
us and others are moving away from us (see Fig. 7.5). Furthermore, if there is a
bar in the observed galaxy, the motions caused by the bar affect the rotation of the
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galactic disk. Consequently, the material within the disk will rotate about the centre
of the galaxy, but not in circular orbits. Some material within the disk moves inwards
towards the centre of the galaxy. Over cosmic times, these internal motions change
the host galaxy appearance.

In this thesis we have first looked at images of a sample of spiral galaxies. We
have found that the central parts of early-type spiral galaxies are rounder than the
central parts of late-type spiral galaxies. This result has opened up intriguing ques-
tions involving the formation process of spiral galaxies of all types. Bars and spiral
arms re-distribute stars and gas within these galaxies, and could create more elon-
gated features in the central parts. In this case, the result of our study would imply
that the processes leading to the formation of bars are more common in late-type
spiral galaxies.

To better understand the internal motions in spiral galaxies, we have then studied
the spectra from a sample of early-type spiral galaxies. By analysing the shifts of the
spectra towards redder or bluer colours, we have been able to measure the internal
motions in our sample of spiral galaxies. We then developed a method which for the
first time quantifies these motions, and we are now able to associate the non-circular
motions with those caused by a bar or a spiral structure. In many cases, we have been
able to identify other structures than bars and spiral arms, and we have been able to
successfully disentangle their corresponding effects. We have confirmed that spiral
arms and bars drive mass towards the centre. In the past, this has been suggested as
a mechanism to drive mass to the very centre of galaxies, where one expects very
massive black holes. The transported matter would then fall into the black hole, and
release enormous amounts of energy (comparable with the energy coming from the
whole galaxy). In our study, we have not been able to identify the inward transported
mass to reach a central black hole.

In summary, we have demonstrated the power of a new technique that we have
used to understand the internal motions of galaxies. We can now unveil the effects
that different sub-structures have on the rotation of the disks, and we now understand
better how matter is being re-distributed. This type of study will lead to a better
understanding of the formation and evolution process of spiral galaxies.






