
Topics for the Second Midterm Exam 
The second midterm exam will cover material since the 

first exam. 
 

The Bow Shock and Magnetopause 
1. The definitions of hydrodynamic and magnetohydrodynamic 

shocks. 

a. Qualitatively how parameters change behind a shock. 

b. Why shocks form. 

2. The Earth’s bow shock 

a. The obstacle? 

b. Qualitatively how the parameters change across the 

shock. 

c. Qualitatively be prepared to discuss the position and 

shape of the bow shock and why it has that position and 

shape. 

3. Qualitative discussion of the magnetosheath. 
 

The Magnetosphere 
1. A dipole magnetic field  

a. How does the magnitude vary with distance –at the 

equator 33

0 RRBB E=  where RE is an Earth radius and R is 

the distance from the Earth. Note if you put the distance 

in RE you can just divide by that distance cubed. 

Alternatively � � � ��⁄  where M is the magnetic 

moment. 

b. If you need properties of the Earth’s magnetic field I 

will give you the numbers. 

2. Three kinds of pressure 

a. Dynamic pressure - 2
Vρ  where rho is the mass density 

and V is the velocity. 



b. Thermal pressure - nkT where n is the number density, 

k is the Boltzman constant and T is the temperature in 

Kelvin. 

c. The magnetic pressure - 0

2
2µB where B is the magnetic 

field and mu is the permeability of free space. 

3.  The magnetopause 

a. Be able to estimate its subsolar position by balancing 

the solar wind dynamic pressure with the magnetic 

pressure of the magnetosphere. 

b. Qualitatively be able to describe the magnetopause 

currents. 

4. The magnetotail 

a. The main parts of the tail – the lobes and the plasma 

sheet. 

b. The current system that gives the tail its shape. 

5. Reconnection driven convection in the magnetosphere 

a. Qualitatively how reconnection sets up a flow pattern in 

the magnetosphere. 

b. Where frozen in flux holds and where it breaks down. 

c. The velocity of convective flow - 
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hand rule to tell its direction. 

d. The electric field associated with convective flow - 
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6. Qualitatively describe corotation and how it changes the flow 

in the equatorial magnetosphere. 

a. Describe the plasmasphere. 

b. Where does the plasma come from? 
  

7. The equation of motion 

a. The gyrofrequency - 
m

qB
c

=Ω  where q is the charge, B 

the magnetic field and m the mass of the particle 

b. Qualitatively the motion of energetic charged particles 

in the equatorial plane. 



c. Qualitatively the gyro, bounce and drift motions 

d. What are the radiation belts? 

e. What is the ring current? 

Substorms 
1. The auroral signature of substorms 

2. The relationship of substorms to the direction of the IMF. 

3. The phases of substorms 

4. Qualitatively the changes in the magnetosphere during a 

substorm. 

 

Storms 
1. The phases of a storm 

2. The differences between a storm and a substorm 

3. Dst and the ring current 

4. The differences between CIR and CME storms. 
 

The Atmosphere and Ionosphere 
1. Why the upper atmosphere is important. 

2. The layers of the atmosphere. 

3. Qualitatively how the density changes in a hydrostatic 

atmosphere. 

4. Why the Earth has an atmosphere and other bodies don’t. 

5. How the ionosphere forms. 

6. The height profile of the ionosphere – why the ionosphere is 

banded. 

 
 


