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FYS 3610: Midterm solutions 2017 

 

Exercise 1 (14 points) 

a) F region between 170 km and 1000 km altitude. E region between 90 km and 170 km altitude. 

b) 𝑞 =production, 𝑙 =losses, 𝑑 = transport. 

c) 𝑛𝑂+ = 1011 𝑚−3 , 𝑛𝑜2
= 1015 𝑚−3, 𝑛𝑁2

= 1016 𝑚−3, so 𝑙 = 1.75 ⋅ 109 𝑚−3𝑠−1. 

d) The same as in point c), i.e. 𝑞 = 𝑙. 

e) Use  𝑝𝑖 = 𝑛𝑘𝐵𝑇𝑖 and 𝑝𝑒 = 𝑛𝑘𝐵𝑇𝑒 to get 𝑝𝑖 + 𝑝𝑒 = 𝑛𝑘𝐵(𝑇𝑖 + 𝑇𝑒).  

Thus  

𝑑(𝑝𝑖+𝑝𝑒)

𝑑𝑧
=  𝑘𝐵(𝑇𝑖 + 𝑇𝑒)

𝑑𝑛

𝑑𝑧
= −𝑛 (𝑚𝑖 + 𝑚𝑒)𝑔, 

Separating variables, one gets  
𝑑𝑛

𝑛
= −

𝑔(𝑚𝑖+𝑚𝑒)

𝑘𝐵(𝑇𝑖+𝑇𝑒) 
𝑑𝑧 = −

1

𝐻
𝑑𝑧 , which can be integrated on both sides 

∫
𝑑𝑛

𝑛
= ∫

− 𝑑𝑧

𝐻

𝑧

𝑧𝑜

𝑛(𝑧)

𝑛(𝑧𝑜)
, 

to obtain 𝑛(𝑧) = 𝑛(𝑧0) exp (−
𝑧−𝑧0

𝐻
) 

Exercise 2 (14 points) 

a)  
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b)  

c) magnetopause 

d) Chapman-Ferraro current (magnetopause current), Ring current, neutral sheet current (tail current) 

e)  Start with 𝐾 𝑛𝑠𝑤  𝑚𝑝𝑣𝑠𝑤
2 = 2𝐵𝑑𝑖𝑝

2 /𝜇0 to get 𝑣𝑠𝑤 = √
2𝐵𝑑𝑖𝑝

2

𝐾𝑛𝑠𝑤𝑚𝑝𝜇𝑜
    

Using 𝐵𝑑𝑖𝑝 = 𝐵00/𝐿3 (from the appendix), one can get 𝑣 ≈ 955
𝑘𝑚

𝑠
. 

This is a fast solar wind. 

 

Exercise 3 (14 points) 

a) Use the gyrofrequency  Ω0 = 𝑞𝐵/𝑚, to find 

 𝐵 =
Ω0𝑚

𝑞
= 6 ⋅ 10−6 𝑇. 

Using the formula in the appendix 𝐵0 = 𝐵00/𝐿3, one can get  𝐿 = (𝐵𝑜𝑜/𝐵0)1/3 ≈ 1.7 𝑅𝐸  

b) The gyroradius is given by 𝑟0 = 𝑣⊥/Ω0.  

Using  𝐸 =
1

2
𝑚 𝑣2 to find 𝑣, and  𝑣⊥ = 𝑣 sin 𝛼0 (from the scheme), one can find 𝑟0 ≈ 1.7 ⋅ 103 𝑚. 

c) 𝐵𝑚 =
𝐵0

sin2 𝛼0 
= 2.4 ⋅ 10−5 𝑇 so 

𝑟𝑚 =
𝑣

Ω𝑚
=

𝑣𝑚

𝑞𝐵𝑚
≈ 852 𝑚. 

electron 

ion 
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d) 
𝐵𝑚𝐿3

𝐵00
≈ 4 so from the graph, 𝜑 = 33 degrees (±5 degrees accepted) 

The height can be found using ℎ = 𝑟 − 𝑅𝐸 = 𝐿 𝑅𝐸 cos2 𝜑 − 𝑅𝐸 ≈ 1291 𝑘𝑚.  

e) At lower altitude. 

 

Exercise 4 (8 points)  

a) 𝜌: mass density, 𝑗: current density, ∇𝑝: pressure gradient. 

b) Parker model  

c) 𝛽 =
𝑝𝑡ℎ

𝑝𝑚𝑎𝑔
=

𝑛𝑘𝐵𝑇

𝐵2/2𝜇𝑜
  

𝛽 ≫ 1 implies thermal pressure dominates, and thus the plasma is called warm. 

𝛽 ≤ 1 implies that magnetic pressure is larger or equal to thermal pressure, and thus the plasma is 

called cold. 

𝛽 ≫ 1 for the solar wind (warm) 

 

d) From  𝜌 (
𝜕𝑣⃗⃗

𝜕𝑡
+ (𝑣⃗ ⋅ 𝛻) 𝑣⃗) = −𝛻𝑝 + 𝜌 𝑔⃗ + 𝑗 ×  𝐵⃗⃗. 

Static equilibrium and no 𝐵⃗⃗ gives 

 0 =  −∇𝑝 + 𝜌 𝑔⃗  

which is known as the aerostatic (or hydrostatic equation) (cf. p.33 of the book) 

 


