
Universe Now 

1. Introduction; astronomy as a science 

 



About the course 

• Why the name Universe NOW? 
– Some current research results presented along the course 

(from e.g. www.astronomy.com, www.universetoday.com). 

 
• An introductory course to astronomy 

– A lot of substance but a light and a general overview of 
modern astronomy.  

– Understanding the composition of the universe: the 
variety of different astronomical objects, their formation, 
and the physical processes involved. 

– Astronomical research: explaining the phenomena in space 
with observations and theories.  
 

http://www.astronomy.com/
http://www.universetoday.com/


Practical issues 

• Lectures on Mondays and Thursdays 12-14, Exactum BK106 
 
• 3 credits (13 lectures + exam) 
 
• Lectured also in Finnish and Swedish 

 
• http://www.courses.physics.helsinki.fi/astro/uninow/ 

 
• Date for the exam: Monday 6.5.2013, 12-16, in Exactum B121 

 
• Lecturer: M.Sc. Hannakaisa Lindqvist 

– Dynamicum 1 D 02b, email: hannakaisa.lindqvist@helsinki.fi 

 
 

 



Practical issues 

• Material:  

– Lecture notes 

 

• Supporting material: 

– http://en.wikibooks.org/wiki/General_Astronomy 

– Palviainen & Oja: Maailmankaikkeus 2013-2014 (Ursa)  

– Certain parts of Karttunen et al.: Fundamental 
astronomy (Springer) (or Tähtitieteen perusteet (Ursa))  

 



Preliminary schedule 

• 11.3.  Introduction; astronomy as a science 
• 14.3.  Astronomical observations 
• 18.3.  Solar System I: Terrestrial planets  
• 21.3.  Solar System II: Jovian planets 
• 8.4.    Solar System III: Small Solar-system bodies  
• 11.4.  Formation of the Solar System; exoplanets 
• 15.4.  Birth and evolution of stars 
• 18.4.  Different types of stars; the Sun 
• 22.4.  Interstellar matter and star clusters 
• 25.4.  Galaxies 
• 29.4.  Cosmology; evolution of the Universe 
• 2.5.   Revision 

 



Practical issues 

• A guided visit to the Ursa 
Observatory tower in Kaivopuisto 
on Thursday 14.3., open 19-21   
(if the sky is clear; please inform 
the lecturer in advance if you are 
planning to come). 

– This spring: the Moon (if visible), 
Jupiter, M31 (Andromeda galaxy), 
M45 (Pleiades, an open cluster), 
M42 (Orion nebula)  

 

 

 





1. Astronomy as a science 

• Today’s astronomy includes all the objects and phenomena 
beyond our atmosphere: 
– The Solar System: planets, moons, asteroids, comets, dust 
– The Sun 
– Stars, compact stars (white dwarfs, neutron stars, black holes) 
– Interstellar matter 
– Clusters 
– Galaxies 
– Cosmology 

 
• In Finland, astronomical research is conducted in the 

university of Helsinki, university of Turku, university of 
Oulu,  and Aalto university. 

 

 



1.1 History of astronomy: ancient 

• One of the oldest natural sciences:  
     astronomy had a central position  
     in many ancient cultures. 
 
• Observations of the regular patterns of the motions of 

visible objects in the night sky: 
– Provided a calendar: day, month, year (importance in 

agricultural societies). 
– Origin of both astrology and astronomy. 
 

• 5 planets known since prehistoric times: Mercury, Venus, 
Mars, Jupiter, and Saturn. 
 



1.1 History of astronomy: ancient 

• Egyptians (since the 5th millennium BCE): 
– Calendars for agricultural and religious 

purposes: conjunctions, phases, and 
movements of the Sun, the Moon, and the 
planets; the rising of Sirius at the beginning of 
the annual flooding of the Nile. 

– Alignment of pyramids towards the pole star. 

 
• Mesopotamian cultures (since 3500 BCE): 

– The origins of Western astronomy. 
– The Babylonians were the first to recognize 

that astronomical phenomena are periodic and 
apply mathematics to their predictions (length 
of daylight, risings of Venus).  

– Earliest Babylonian star catalogues from about 
1200 BCE. 

The Egyptian year started with 
the rise of Sopdet (Sirius) which 
coincided with the beginning 
of the Nile floods. 



1.1 History of astronomy: ancient 

• Chinese (since the 2nd millennium BCE): 
– Precise predictions of comets, and lunar and solar 

eclipses. 
– Detailed records of astronomical observations 

from about the 6th century BCE – 17th century. 
– First supernova observations (“guest stars” 

among fixed stars). 
– First sunspot observations 364 BCE. 

 
• Maya (from ~1800 BCE): 

– Detailed tables for calculating phases of the 
Moon and the recurrence of eclipses.  

– Calendars based on calculated cycles of the 
Pleiades, the Sun, the Moon, and the planets. 

– Highly evolved mathematics. Pages of the Dresden 
Codex, a Maya document 
that contains very accurate 
astronomical tables. 



1.1 History of astronomy: Greeks 

• First three-dimensional models to explain the apparent motions of the 
planets, the Sun, and the Moon. 

 
• The Earth is round (Pythagoreans); the circumference measured by 

Eratosthenes (with an error of only about 2%). 
 
• Heliocentrism (Aristarchus) versus geocentrism  
       (e.g., Aristotle).  
 
• The Milky Way consists of stars (Anaxagoras, Democritus). 
 
• Discovery of the precession of equinoxes (Hipparchus). 
 
• “Almagest” written by Ptolemy 

– Includes a catalogue of 1022 stars in 48 constellations (Hipparchus) 
– Explanation of planetary motion: geocentric model with circular orbits; 

epicycles and deferent used for corrections. 

 



1.1 History of astronomy: Greeks 

planet 

epicycle 

Movement of  
the planet 

deferent 

The Earth 

Apparent motion of the Solar-System 
bodies in geocentric model explained 
using circular orbits + deferent and 
epicycles.  

The geocentric model of Ptolemy viewed in 
Almagest: the Moon, the planets, and the Sun 
are attached to spheres that rotate around 
the Earth. On the outermost sphere are the 
fixed stars. The world beyond Moon’s orbit 
was thought to be eternally unchangeable. 



1.1 History of astronomy: Romans and Arabs 

• Romans 
– Developed the Julian calendar 

(45 BCE) (365 days + a leap 
day, used until the 20th 
century). 

 

• Arabs (in the Middle Ages) 
– Kept the old Greek theories 

alive over the Middle Ages. 
– Developed new observation 

methods and instruments. 
The torquetum is an astronomical instrument 
designed to take and convert measurements 
made in three sets of coordinates: horizon, 
equatorial, and ecliptic. (First from 12th-13th 
centuries.) 



1.1 History of astronomy: an example 

• In 1054, a star exploded as a 
supernova. This was recorded by 
Korean, Chinese, Japanese, Native 
American, and Arab astronomers. In 
Europe, however, this was not 
recorded; probably because 
according to Aristotle, the stars 
belonged to the world beyond the 
lunar sphere where no changes were 
believed to be possible. 
 

• The supernova could be seen in 
daylight for 23 days and, in the night 
sky, it was visible for 653 days. The 
remnant of the supernova is known 
today as Crab Nebula. 
 

Crab Nebula – a supernova remnant. 



1.1 History of astronomy: scientific revolution 

Geocentrism and teachings of Ptolemy and Aristotle were adapted in 
Europe through the Middle Ages. However, better instruments allowed for  
more accurate observations, and discrepancies were found between  
observations and theories. 
 
• The renaissance of astronomy: scientifically based heliocentrism 

formulated by Nicolaus Copernicus (1473-1543). 
– Copernican principle: the Earth is not in a central, specially favoured position. 
– The model still included spheres and circular orbits with epicycles and 

deferents. 

 
• Giordano Bruno (1548-1600): The universe is infinite; the stars are like the 

Sun and have their own planets orbiting them; the Earth is not unique and 
life can also be found elsewhere.   
 

• Tycho Brahe (1546-1601): Supernova observation in 1572; systematic and 
accurate observations of stars and planets. 



1.1 History of astronomy: scientific revolution 

• Johannes Kepler (1571-1630): The three laws 
of planetary motion based on Brahe’s 
observations, elliptical orbits. 
 

• Galileo Galilei (1564-1642): improved the 
telescope and used it for astronomical 
observations, e.g., rings of Saturn, 4 largest 
moons of Jupiter, phases of Venus, and 
sunspots. 
 

  
 

• Sir Isaac Newton (1642-1727): Three laws of 
motion explained the movement of the 
planets. 

Kepler I: "The orbit of every planet is 
an ellipse with the Sun at a focus." 

Kepler II: "A line joining a planet and 
the Sun sweeps out equal areas 
during equal intervals of time." 

Kepler III: "The square of the orbital 
period of a planet is directly 
proportional to the third power of 
the semi-major axis of its orbit." 

 

Newton I: "A body continues to 
maintain its state of rest or of 
uniform motion unless acted upon 
by an external unbalanced force." 

Newton II: "F = ma: the net force on 
an object is equal to the mass of the 
object multiplied by its acceleration." 

Newton III: ”For every action there is 
an equal and opposite reaction.” 



1.1 History of astronomy: 18th and 19th centuries 

• Heliocentrism led to theories about the origin of the 
Solar System: Emanuel Swedenborg and Immanuel Kant.  
 

• The distance of nearest stars measured using 
trigonometric parallax (Friedrich Bessel). 
 

• Sir William Herschel: Discovery of Uranus  
     and two of its major moons,  catalogue  
     of nebulae and double stars, discovery  
     of binary stars, construction of over  
     400 telescopes.  

One of Herschel’s telescopes (D=1.26 m, f = 12 m). 



• Forms of light invisible to the naked eye were discovered late in 
the 19th century: gamma rays, x-rays, ultraviolet radiation, 
infrared radiation, microwaves, and  radio waves. This created 
new fields of research in astronomy.  

 

 

  

 

 

• Astronomy contributed strongly to the breakthroughs of 
modern physics (and vice versa); for instance, theory of 
relativity could be tested by astronomical observations, and the 
radiation of the stars could not be explained without modern 
physics.  

 

1.1 History of astronomy: modern astronomy 



1.1 History of astronomy: modern astronomy 

• The absorption lines in the Solar spectrum explained by Gustav Kirchhoff 
(1860). 
 

• The Sun’s energy production explained with nuclear reactions (Jean Perron 
and Arthur Eddington (1919)).  
 

• Nebula known as ”Andromeda” was identified to be a galaxy (Edwin 
Hubble (1923)). Hubble also observed the redshifts of distant galaxies and 
concluded that the universe is expanding.   
 

• Observations of radio waves from the Galactic center (Karl Jansky (1930)). 
 

• Big bang –theory introduced by Georges Lemaître and further developed 
by George Gamow (1948).  
 

• Cosmic background radiation measured by  
       Arno Penzias and Robert Wilson (1964).  

 
 



1.2 Basic concepts: angles 

• Angles used for describing the size of the objects, or the separation 
between, e.g., two stars. 
 

• 360 o = a full circle. Because single astronomical objects cover very small 
parts of the sky, small angle units are needed (degree > arcminute > 
arcsecond).  
 

• Units for angles: 
– Degree (o) 
– Arcminute (’)  1’  = (1/60)o 

– Arcsecond (’’)  1’’ = (1/60)’ = (1/3600)o 
 

• Examples:  
– Size of the Moon = 29.3’ – 34.1’, size of Jupiter =  29.8’’ – 50.1’’  
– Distance between Albireo A and B = 35.3’’ 

 
• For really small angles: milliarcsecond (mas) = (1/1000)’’ 



1.2 Basic concepts: distances 

• Units for distances: 
– Astronomical unit (AU) 1 AU = 1.496 × 108 km 
     (1 AU ≈ the mean Earth-Sun distance) 
– Light year (ly)  1 ly = 0.9461 × 1013 km 
     (the distance light travels in a vacuum in one year) 
– Parsec (pc)  1 pc = 3.0857 × 1013 km 
     (parallax of one arcsecond) 

 
1 pc ≈ 3.26 ly ≈ 206 265 AU 
 
Generally, AU is used in planetary systems, 
 ly and pc for larger distances. 
 



1.2 Basic concepts: electromagnetic radiation  

An important property of light: wavelength λ or frequency f. They are 
related through:  c = λ ∙ f   where c is the speed of light in vacuum . 
 
Wavelength or frequency tells the energy of the photons because  
E = h ∙ f . This means that gamma rays are the most energetic form of 
electromagnetic radiation. 

Solar light includes 
all wavelengths. 
They can be 
separated using, 
e.g., prisms. 



1.2 Basic concepts: absorption and emission  

Radiation interacts with  
material (i.e. atoms) through: 
• absorption 
• emission 
• scattering 

 
Energy of a photon can be absorbed  in  
an atom, this energy is consumed in an  
electron changing orbitals. 
 
A photon can be re-emitted spontaneously  
if the electron returns to the original  
orbital. 

 
 

Continuous spectrum 

Absorption spectrum 

Emission spectrum 



1.2 Basic concepts: absorption and emission  

• Spectral lines are atom-specific, and can be used to identify the 
chemical composition of the medium.  
 

• An absorption line or an emission line? 
 

• If a medium (e.g., gas) is between the light source and the detector: 
– At certain wavelengths, the atoms in the gas absorb the photons. 
– Re-emitted photons can proceed to different directions. 
– Absorption lines are observed at the detector. 

 

• If the detector sees the gas and not the original light source, 
emission lines are observed. 
 

 
Solar spectrum at visible 
wavelengths. Different lines 
correspond to different 
elements: for instance, line C 
is one of the absorption lines 
of hydrogen. 



1.2 Basic concepts: radiation of stars  

• In the Solar System, the 
Sun is the light source 
and the planets + other 
bodies reflect the 
sunlight.  

 

• Radiation of a star 
includes all wavelengths 
(it is close to so-called 
black body radiation). 

Intensity of black body radiation for 
different temperatures.  



The main things today: 

• A short overview of the history of astronomy: the 
change of worldview as astronomical knowledge 
increases. 
 

• Important concepts when dealing with astronomical 
research:  
– A variety of units needed. 
– Almost all information from space is                            

obtained in the form of                                                                   
electromagnetic radiation. 
 

• Next: astronomical observations. 


