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Abstrakt

V této bakalářské práci studujeme vliv radiální rychlosti objektu na pozorovaný tok
záření v úzkopásmovém filtru. Prvně budujeme teoretický základ pro korekci pro radiální
rychlosti a následně zobecňujeme tyto korekce i pro další vlivy, jako je třeba gravitační
rudý posuv nebo relativistické rychlosti. Následně modelujeme jakou změnu v pozorvané
hvězdné velikosti tyto efekty mají na osamocené hvězdy s vysokou radiální rychlostí,
dvojhvězdy (ať už klasické nebo kompaktní), objekty obíhající okolo galaktických center
nebo na kosmologických škálách. Zároveň se snažíme odpovědět na otázky, zda-li by se
daly pomocí periodických fotometrických změn hvězd detekovat neakreující černé díry,
a u jakých typů soustav jsou tyhle efekty nezanedbatelné. To celé je prováděno v aproximaci
absolutně černých těles, případně jednoduchých modelů akrečních disků.

Abstract

In this thesis, we study the effect of radial velocity on the observed flux density of an
object in a narrowband filter. First, we establish theoretical framework for correcting for
radial velocity effects, then we extend these corrections to include additional phenomena
such as gravitational redshift or relativistic velocities. We then model the resulting changes
in observed stellar magnitudes for isolated stars with high radial velocity, binary stars (both
classical and those with compact companion), objects in galactic nuclei, and sources on
cosmological scales. We also address whether non-accreting black holes can be detected
through periodic variations of stars, and identify the types of binary systems in which the
these effects cannot be neglected. All calculations are performed under the assumption of
blackbody radiation or using simplified models of accretion disks.
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Introduction

Imagine looking at the stars and trying to shoot one of these beautiful nebulae. To avoid
light pollution from surrounding light sources, use a special photometric �lter for emission
lines, such as Ha . Now, seeing your nebula glowing in the images, you ask a question.
What if the nebula wanted to hide. It cannot escape because it is really large. However,
if the nebula uses the knowledge of the Doppler effect and starts escaping in the radial
direction from use, the emission line could in extreme cases shift from the photometric
�lter, which would make the nebula disappear.

This story does not have to affect only nebulae, but it can touch anything that shines
with a spectral distribution. Our aim is to focus mainly on systems with periodic radial
velocity variations, such as binary stars or objects orbiting the Galactic centre. Moreover,
we would like to determine the conditions for a binary system with an invisible black hole
to be recognized as a candidate for future spectroscopic observations. Lastly, we will study
the effect in cosmology and discuss its the relevance in modern astronomy.
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Chapter 1

Why do we use photometric �lters

All of us have heard of photometric �lters and photometric systems (Johnson{Morgan,
Strömgren, etc.), which are used for studying segments of source of lights. But why
do we not observe the whole light and take only part of the spectra? There are several
complications that we have to face and take into account. However, there are good reasons
for studying the universe in photometric �lters.

1.1 Obstacles

Observations are connected with getting information about the object. Information
is essential to understand the physical phenomena about the source, its surroundings, or
physics itself. First, let us look at the obstacles connected with not receiving all the light
from the sources.

1.1.1 Atmosphere and interstellar dust

The atmosphere is a layer of gas that surrounds the Earth. It provides us with air to
breathe, protects us from high energy radiation such as UV, X-ray, and gamma, and thanks
to greenhouse gases, the temperature is habitable.

One of the problems with atmosphere has already been mentioned. Fortunately, it
protects us from high-energy radiation, but from the surface we can hardly detect any
photons from this part of the electromagnetic (EM) spectrum, and we have to send the
satellites to space. This not only concerns the high-energy radiation, but also partially
infrared (IR) and microwave radiation at speci�c wavelength bands; see Fig. 1.1.

Hand in hand with absorption, there is scattering, and together they both contribute
to extinction. Extinction is called when the intensity of light is somehow reduced. In
our atmosphere, it is mostly caused by scattering but at speci�c wavelengths, there is also
absorption by gases in the atmosphere. The rate of change in intensityI with respect to
lengthl is the following:

dI
dl

= � I0kl ; (1.1)

whereI0 is the intensity of the incoming light,kl is an extinction coef�cient depending on
the wavelengthl . Scattering is simply a physical process in which light or particles deviate

{ 3 {



4 Chapter 1. Why do we use photometric �lters

from a straight trajectory. We can name Rayleigh scattering on molecules, Mie scattering
on aerosol, or Thomson scattering on electrons. For example, Rayleigh scattering causes
the blue color of the sky during the day and red in the evening. Furthermore, we need to
take into account how much air is above us. The more air, the more scattering effect, which

Figure 1.1: This plot shows the dependence of the atmospheric opacity on the wavelength
(100% represents the complete opacity, optical depth of 1). Credit: NASA; (Wikimedia
Commons).

is actually the reason why the sky appears red in the evening. The amount of air above us
is described by the air massX. In the simplest case, we can describe it as follows:

X =
1

cosz
= secz; (1.2)

wherez is the zenith angle. Note that there are better approximations, but that is beyond
the scope of this work.

All of the problems above can be applied to the interstellar environment, including
interstellar dust and molecules, which are the sources of extinction. This makes stars
appear more red and dimmer.1

Therefore, we need good calibrating stars to resolve how the atmosphere behaves and
how big the extinction is. In addition, we need meteorological stations to know atmospheric
pressure, temperature, and humidity. These parameters are essential to establish the correct
air mass and atmospherical condition for the observations. Moreover, the behavior of the
atmosphere and the amount of interstellar extinction affect each wavelength differently.
So, we have to measure the calibration stars in various photometric �lters for correct
measurements.

1The discoverer of scattering by interstellar dust was Robert Trumpler, while measuring the brightness of
distant open clusters.
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