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Constants: 

𝑒 = 1.6 × 10−19𝐶; 𝜖0 = 8.85 × 10−12 𝐶2 𝑁𝑚2⁄ 𝑘 =
1

4𝜋𝜖0
= 9.0 × 109 𝑁 ⋅ 𝑚2 𝐶2⁄ ; 

μ0=4π× 10−7T⋅m/A
; ;  

Unit conversion: 

𝑒𝑉 = 1.6 × 10−19𝐽; Magnetic field is: tesla ( 1T =1 N /A⋅m ); Magnetic flux: weber 

( 1Wb=1T⋅m
2
=1 N⋅m/ A ); ;  

Formulas 

 
F⃗m=q v⃗× B⃗

;  d F⃗=I d l⃗× B⃗  

 τ⃗=I A⃗× B⃗  (magnetic torque for a current-carrying loop in magnetic field) 

 μ⃗=I A⃗  (magnetic dipole moment); τ⃗=μ⃗× B⃗ ; 
U m=−μ⃗⋅B⃗

 

 𝑑𝑩⃑⃑ =
𝜇0

4𝜋

𝐼𝑑𝑙 ×𝑟̂

𝑟2  

 Magnetic field produced by a circular current loop: 𝐵⃑ =
𝜇0𝐼𝑎

2

2(𝑥2+𝑎2)3/2 𝑖 ̂(on the axis of a circular 

loop who axis is aligned along î ) 

 
ϵ=

−dΦB

dt  

  

  

  

  

  

  

  
Maxwell’s equations 

 
∮ E⃗⋅d A⃗=

Qencl

ϵ0 (Gauss's Law for E⃗ ) ;           ∮
B⃗⋅d A⃗=0

(Gauss's Law for B⃗ ) 

 
∮ B⃗⋅d l⃗ =μ0(I encl+ϵ0

d ΦE

dt
)

(Ampere's Law); 
∮ E⃗⋅d l⃗=−

d ΦB

dt  (Faraday's Law) 
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 𝐵⃑ =
𝜇0𝐼

2𝜋𝑟
 

 𝜀 = 𝑁
𝜇0𝐵

2𝜋
𝑙𝑛 (1 +

𝑎

𝑐
)

𝐼(𝑡)

𝑅0𝐶
 


