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FYS 3610 

Solution Week 34 

a) This is quite straight forward: 

𝑚𝑒

𝑑𝑣⃑𝑔𝑐

𝑑𝑡
= −𝑒(𝐸⃑⃑ + 𝑣⃑𝑔𝑐 × 𝐵⃑⃑) 

𝑚𝑒

𝑑

𝑑𝑡
(

𝐸⃑⃑ × 𝐵⃑⃑

𝐵2
) = −𝑒 (𝐸⃑⃑ +

𝐸⃑⃑ × 𝐵⃑⃑

𝐵2
× 𝐵⃑⃑) 

Left side is zero because both the electric and the magnetic field are time constant. The 

right hand side is evaluated with a vector identity: 

0 = −𝑒 (𝐸⃑⃑ +
(𝐵⃑⃑ ∙ 𝐸⃑⃑)𝐵⃑⃑ −  (𝐵⃑⃑ ∙ 𝐵⃑⃑)𝐸⃑⃑

𝐵2
) 

Because 𝐸⃑⃑ ⊥ 𝐵⃑⃑ this gives 

0 = −𝑒 (𝐸⃑⃑ +
− (𝐵⃑⃑ ∙ 𝐵⃑⃑)𝐸⃑⃑

𝐵2
) = 0 

The same is easily shown for the ions, because the result does not depend on the sign of 

𝑒. 
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b) Consider the following picture of a positive particle gyrating: 

 

The magnetic field varies linearly with 𝑦, then 

𝐵𝑧(𝑦) = 𝑐 + 𝑚𝑦 = 𝐵(𝑦0) +
𝜕𝐵𝑧

𝜕𝑦
(y − y0) = 𝐵0𝑧 −

𝜕𝐵𝑧

𝜕𝑦
𝑟𝑐 sin 𝜑 

c) Evaluate the Lorenz-force 𝐹⃑ = 𝑒(𝑣⃑ × 𝐵⃑⃑) 

𝐹⃑ = 𝑒(𝑣⃑ × 𝐵⃑⃑) = 𝑒 [(
−𝑣⊥ sin 𝜑
−𝑣⊥ cos 𝜑

0
) × (

0
0

𝐵0𝑧 −
𝜕𝐵𝑧

𝜕𝑦
𝑟𝑐 sin 𝜑

)] 

〈𝐹𝑥〉 =  −
𝑒𝑣⊥

2𝜋
∫ (𝐵0𝑧 cos 𝜑 −

𝜕𝐵𝑧

𝜕𝑦
𝑟𝑐 sin 𝜑 cos 𝜑) 𝑑𝜑

2𝜋

0

 

〈𝐹𝑦〉 =  
𝑒𝑣⊥

2𝜋
∫ (𝐵0𝑧 sin 𝜑 −

𝜕𝐵𝑧

𝜕𝑦
𝑟𝑐 sin2 𝜑) 𝑑𝜑

2𝜋

0

= −
1

2

𝑚𝑣⊥
2

𝐵0𝑧

𝜕𝐵𝑧

𝜕𝑦
 

d) Integrate 

〈𝐹𝑥〉 =  −
𝑒𝑣⊥

2𝜋
∫ (𝐵0𝑧 cos 𝜑 −

𝜕𝐵𝑧

𝜕𝑦
𝑟𝑐 sin 𝜑 cos 𝜑) 𝑑𝜑

2𝜋

0

= 0 
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〈𝐹𝑦〉 =  
𝑒𝑣⊥

2𝜋
∫ (𝐵0𝑧 sin 𝜑 −

𝜕𝐵𝑧

𝜕𝑦
𝑟𝑐 sin2 𝜑) 𝑑𝜑

2𝜋

0

= −
1

2

𝑚𝑣⊥
2

𝐵0𝑧

𝜕𝐵𝑧

𝜕𝑦
 

Hence the drift velocity is 

𝑣𝑔𝑐,𝑥 =
1

𝜔𝑔
(

𝐹⃑

𝑚
×

𝐵⃑⃑

𝐵
) 𝑒𝑥 = −

1

2

𝑚𝑣⊥
2

𝑒𝐵0𝑧
2

𝜕𝐵𝑧

𝜕𝑦
 


