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1.0 GENERAL COURSE INFORMATION

1.1 Introduction

For thousands of decades, astronomers have worked tirelessly to unlock the hidden mysteries of the heavens.

On a dark, clear moonless night, apart from observing planets and trillions of stars scattered from end to end 

on an imaginary hemispherical two-dimensional surface- we call  “the night sky”; one easily notices another 

great source of wonder in form of a faint  “fuzzy” band of light cutting across the night sky. This centures old 

spectacle defines our Milky Way Galaxy, the home to our solar system and the Sun. Much of our present 

knowledge about the Milky Way dates way back to the era of discovery of the first telescopes in the 1600s. 

However, it was only in the 20th century that modern developments in technology allowed scientists to make 

full measurements of the Milky Way galaxy and other galaxies scattered throghout  the universe, accumulating

so much knowledge that continues to grow with even newer discoveries today. But we first need to ask: what is

a galaxy?

Galaxies can be defined as giant self-contained collection of stars bound together gravitationally and which 

extend within regions spanning thousands of light-years across. They may each be composed of anything 

between a million (106) up to a million million (1012) stars. Stars are nothing but the observed bright glowing 

balls of burning hydrogen, the closest and easiest example of which is the sun. The sun is located at a 

distance of about 150 million kilometres (93 million miles) from the Earth and has a radius of about 700,000 

kms (430,000 miles). Its mass is estimated to be about 330,000 times that of the  Earth, and it is known to 

generate approximately 4 x 1023 kilowatts (4 x 1033 ergs) of power per second, making it only an average star, 

with average size, mass, and brightness.

Current studies  in astronomy imply that galaxies could have formed shortly after the birth of the universe – 

during the big bang-  that occurred about 14 billion years ago. They can be broadly classified on the basis of 

their shape and morphology into three main classes: spirals, ellipticals and irregulars.

The  Milky Way is an example of a spiral galaxy which is orbited by two small satellite  (irregular) galaxies- the 

Large and Small Magellanic coulds, that can be observed from the Southern Hemisphere. This shows that 
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larger galaxies more often than not have smaller companions. The closest neighbouring galaxy to the Milky 

Way is  the Andromeda Galaxy (also a spiral type galaxy), which is one of the most-distant objects that can be 

observed by the unaided eye.  Beyond Andromeda, there are known to exist several other galaxies totalling to 

over 100 billion galaxies in the entire universe. Studies have further indicated that like humans, galaxies are 

also social beings. They do not exist in isolated but are found to within groups called clusters, which may 

contain from a few tens to over a hundred of members. The clusters of galaxies are also observed to be 

grouped into larger structures known as superclusters. However, the story doesn't end there as the 

superclusters are also thought to be grouped into super super-clusters that inturn form the cosmic web. 

1.2 Course Aim

To equip you with essential astronomical knowledge and concepts about galaxies important in understanding 

the cosmic large-scale structure: what they are, how they behave, what they are made up of, what they are 

composed of, how they are classified and how they are arranged and clustered in the universe.

1.3 Pre-requisites

SPA 101, SPA 102, SPA 301 and SPA 302.

1.4 Course Structure

 Class assignments  (number to be determined by lecturer but atleast one per week)- 10%

 Tutorials and 1 class test - 10%

 1 Oral presentation on a mutually agreed topic with the lecturer - 10%

 End of semester exam - 60% 

N/B: There shall be a bonus mark of upto 5% towards lecture attendance, class ettiquette and class 

participation (i.e asking and answering questions).

1.5 Course Learning Outcomes

By the end of this course, you should be able to do the following:

1. State, discuss and summarize our current astronomical knowledge about stars and

galaxies: what we know, how we think we know it and where it might be wrong.

2. Mention and explain in detail the main properties of the Milky Way Galaxy

3. Present a detailed picture about the structure, shape and size of the Milky Way

Galaxy.

4. Demonstrate how the mass of the Milky Way can be derived, stating the key

assumptions made and the confidence level of the answer.

5. Discuss the main classification schemes of galaxies in the universe.

6. Describe in detail the Local Group of Galaxies, stating characteristics of key



members.

7. Outline the process of growth of large-scale structures in the universe.

8. Describe in detail what the Active Galactic Nucleis (AGNs) are.

9. Describe Fast jets, micro-quasars and gamma ray bursts.

1.6 Course Outline

LECTURE ONE: Introduction

1.1 The stars

1.2 The Milky Way Galaxy

1.3 Other galaxies

1.4 Galaxies in expanding universe

1.5 The pregalactic era: A brief history of matter

LECTURE 2: Mapping Our Milky Way Galaxy

1.6 The structure and dynamics of the Milky Way

1.7 Structure of the spiral system

1.7.1. The nucleus

1.7.2. The central bulge

1.7.3. The spiral arms

1.7.4. The spherical component

1.7.5. The massive halo

1.8 Milky Way Meteorology: The interstellar gas

LECTURE 3: The Local Group galaxies

1.9 Satellites of the Milky Way

1.10 Spirals of the Local Group

1.11 Formation of the Local Group galaxies

1.12 Dwarf galaxies in the Milky Way

1.13 The past and future of the Local Group

LECTURE 4: Classification of galaxies

1.14 Spiral galaxies

1.15 Ellipticals

1.16 Irregulars

1.17 The Hubble classification scheme

LECTURE 5: The Large-Scale distribution of galaxies

1.18 Large-scale structure in the universe



1.19 Expansion of homogeneous universe

1.20 Early type galaxies

1.21 Growth of structure in the universe

LECTURE 6: The Active Galactic Nuclei

1.22 The Active Galactic Nuclei

1.23 Fast jets, micro-quasars and gamma ray bursts

1.24 Intergalactic gas

Useful Reference Text Books

1. L. S. Sparke and J. S. Gallagher “Galaxies in the Universe: An Introduction”, 2007, Second edition,

Cambridge University Press.

2. B. W. Carroll and D. A. Ostlie “An Introduction to Modern Astrophysics”, 2007, Pearson Addison

Wesley Publishing Inc., Sansome st., SanFransisco, USA. 

3. “An Explorer's Guide to the Universe: The Milky Way and Beyond- Stars, Nebulae and Other

Galaxies”, 2010, Britannica Educational Publishing. Edited by E. Gregrsen.
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