
AS703 Introduction to Space Physics Fall 2013 

Instructor: Theodore A. Fritz Location: CAS 502 

Office: CAS501 Time: Wednesday and Friday 9:30 AM-11:00 AM 

Office Hours: Wednesday & Friday (11 AM-12N) and Thursday (1:30 PM -2:30PM)  

Other times by appointment Phone: 617-353-7446 fritz@bu.edu 

Purpose and Content: 

The goal of this course is to provide an introduction to the physics of the near Earth space environment.  

This displine has in recent years become known as heliophysics.  The on-line course description is  

Survey of physical phenomena in the sun, solar wind, and magnetospheres, ionospheres, and upper 

atmospheres of objects in the solar system. Introduction to the physical processes governing space 

plasmas, energetic particles, solar-terrestrial interactions, and ionized and neutral media surrounding 

the Earth and other solar system bodies. 

Since space is predominantly filled with plasma, energetic particles, and electromagnetic energy, I will 

devote a substantial amount of time to the behavior of single particles in the presence of electric and 

magnetic fields and to their collective behavior as a plasma. This will be applied initially to the Earth’s 

magnetosphere, a region dominated by the Earth’s magnetic field that is compressed by the solar wind on 

the sunward side and blown back into a long comet-like magnetotail.  The magnetosphere channels some 

of the solar wind into the polar regions. This channeling process drives large currents through the 

magnetosphere and into the charged part of the atmosphere below it; the partially ionized region called 

the ionosphere. These processes frequently energize particles creating the ring current, the radiation belts, 

and send energized particles crashing into the neutral atmosphere creating the Aurora Borealis.  

The main requirements for taking this course is that you should have taken an advanced undergraduate 

course in electricity and magnetism and be knowlegeable about the basic principles of vector calculus, 

i.e.,gradient, divergense and curl, and the various identitiies involving these vector operators.  

Text: 

Any of the following books will serve you well as a textbook.  I have placed all five on reserve in the 

Astronomy library on the 6
th
 floor where you can check any one of them out for 24 hours.  I will try to 

indicate sections in each book appropriate to the lecture topic. 

1. Physics of Solar System Plasmas by Thomas E. Cravens (ISBN: 0-521-35280-0) 

2. Understanding Space Weather and the Physics Behind It by Delores J. Knipp  (ISBN-13: 978-0-07-

340890-3 also ISBN10: 0-07-340890-5)  

3. Introduction to Space Physics by M. G. Kivelson and C. T. Russell (ISBN: 0-521-45714-9) 

4. Introduction to Plasma Physics by D. A. Gurnett and A. Bhattacharjee (ISBN: 0-521-36730-1) 

5. Basic Space Plasma Physics by W. Baumjohann and R. Treumann (ISBN: 1-86094-079-X) 

http://www.abebooks.com/products/isbn/9780521352802/9932318338
http://www.abebooks.com/products/isbn/9780521457149/9949685402


 

Grades: 

Grades will be based on a combination of a project, seven problem sets, a mid term and a final exam.  

Approximately 25% of the grade will be based on the project, 20% will be based on the seven problem 

sets , 20% on the mid-term, and 35% on the final exam.  There will be at least one problem set that I will 

ask that it be your work exclusively.  For a majority of the problem sets I encourage discussion among the 

class but the material that you turn in should be your work and should reflect your understanding of the 

individual problem. 

Mid-Term Exam will be October 16
th 

in the class room 502 

Final Exam will be at a date tbd 

The Project will involve an experimental determination of electron drift velocities in the magnetosphere 

and magnetotail using the energetic particle data set from the four Cluster satellites.  If successful the 

results of your projects will be publishable in the scientific literature and should serve as a good 

introduction to the concepts and difficulties of making a meaningful contribution to science which is the 

goal of scientific research. 

Course Outline 

What is space physics? 

1. The Role of Space Observations 

2. The New concept of Space 

3. An Introduction to Heliophysics 

Topic 1: The Magnetosphere 

1.  The dipole field vs. the geomagnetic 

field 

2. Single Particle Motion 

a. Motion is a static uniform 

magnetic field 

i. Guilding center 

motion 

ii. Magnetic Moment 

b. Motion is Perpendicular 

Electric and Magnetic Fields 

[E X B] 

c. Drift due to a force 

perpendicular to the 

magnetic field vector B 

d. Gradient and Curvature 

Drifts 

e. Bounce Motion/Mirror 

Geometries 

f. Adiabatic Invariants 

i. First = Magnetic 

Moment 

ii. Second = Integral 

invariant 

iii. Third = Flux 

invariant 

g. The McIlwain L-shell 

h. Violation of the Adiabatic 

Invariants 

3. Magnetospheric structure  

Topic 2: Plasma Physics 

1. What is a plasma? 

a. Concept of number density  

b. Concept of temperature  

2. Maxwell Equations 

3. Phase Space Density and Differential 

Flux 

Topic 3: The Sun 

1. The Quiet Solar Atmosphere 

2. The Convection Region, driver of 

solar activity 

3. Solar Active Regions and Sunspots 

4. The 11 year sunspot cycle and the 

role of magnetic fields 

5. Coronal heating and the solar wind  

6. Flares and Coronal Mass Ejections 

(CME) 

 



Topic 4: The Solar Wind 

1. The steady-state Solar Wind 

2. Solar Wind Structure and the 

Heliospheric Current Sheet 

3. CMEs and Interplanetary Shocks 

4. Bow Shock 

5. Solar Wind interactions with the 

Magnetosphere 

Topic 5: The Active Magnetopshere 

1. Magnetospheric Convection 

2. Magnetic Reconnection  

3. Electric and Magnetic Fields 

4. Radiation belt/Ring Current 

5. Magnetospheric Substorms,  

6. Magnetic Storms, and Aurora 

Topic 6: Selected topics  

1. Ionospheric/Atmospheric Physics  

2. Planetary Magnetospheres 

3. Planetary Ionospheres 

 

  

   


