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𝑟

𝑟

𝐹⃗12 = 𝐺
𝑚1𝑚2

𝑟²
𝑢⃗⃗21

𝑚1 = 𝑀Earth

 𝑟 = 𝑅Earth

𝐹⃗12 = 𝑚2𝑔⃗ 𝑔⃗ =  𝐺
𝑚1

𝑟2
𝑢⃗⃗21

𝐹⃗12 = 𝑞2𝐸⃗⃗ 𝐸⃗⃗ =  𝑘
𝑞1

𝑟2
𝑢⃗⃗12

𝐹⃗12 = 𝑘
𝑞1𝑞2

𝑟²
𝑢⃗⃗12  

 𝑘 =
1

4𝜋𝜀0
=

 𝑞 𝑞

 𝑟 

Figure 1: Coulomb’s experiment. 
(Source : www.femto-physique.fr) 

 

Figure 2: Coulomb’s law 
(Source : www.femto-physique.fr) 

 

https://fr.wikipedia.org/wiki/Newton_(unit%C3%A9)
https://fr.wikipedia.org/wiki/M%C3%A8tre
https://fr.wikipedia.org/wiki/Coulomb
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𝑔⃗

𝐸⃗⃗ 𝑞1

 

Figure 3 : An example of vector fields. 

 

 𝐸1⃗⃗⃗⃗⃗(𝑀)

 ‖𝐸1⃗⃗⃗⃗⃗(𝑀)‖

 𝐸𝑥 , 𝐸𝑦 , 𝐸𝑧

 

𝑑𝑙⃗⃗⃗⃗

𝑑𝑙⃗⃗⃗⃗  ×  𝐸⃗⃗ = 0⃗⃗

Figure 4 : Electric field lines. 
(Source: www.femto-physique.fr) 

Lambda planet creating a 

field 𝒈𝝀⃗⃗ ⃗⃗ ⃗ at point M. 

The explorer 

feels a force 

(his weight) 

entering the 

field. 

Various vector fields 

can result in a force 

exerted on the explorer. 

The concepts are the 

same no matter if it is a 

gravitational field, an 

electric field or a field 

created by the code. 
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Figure 5: Electric field lines in the case of (a) one positive charge, (b) one negative charge, (c) one positive and one negative charge, 
and (d) two positive charges. (Source: https://www.physicsclassroom.com/) 

 

 

 

 

Figure 6 : (a,b) Symmetry and (c,d) anti-symmetry planes.

a b c d 

a b c d 
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𝑞 𝑞′

𝑢𝑥⃗⃗ ⃗⃗⃗ 

𝑢𝑦⃗⃗ ⃗⃗⃗ 

𝑄1 = 𝑄2 = 𝑄

𝐸1⃗⃗⃗⃗⃗ 𝐸2⃗⃗⃗⃗⃗

𝐸1⃗⃗⃗⃗⃗(𝑀) =   

𝑘𝑄
𝑟²
 cos(60)

𝑘𝑄
𝑟²
sin(60)

  and 𝐸2⃗⃗⃗⃗⃗(𝑀) =   
−
𝑘𝑄
𝑟²
 cos(60)

𝑘𝑄
𝑟²
sin(60)

  

Q1 Q2 

M 

𝐸𝑡𝑜𝑡𝑎𝑙⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ (𝑀) = 𝐸1⃗⃗⃗⃗⃗(𝑀) + 𝐸2⃗⃗⃗⃗⃗(𝑀) =  

𝑘𝑄
𝑟²
 cos(60)

𝑘𝑄
𝑟²
sin(60)

−
𝑘𝑄
𝑟²
 cos(60)

+
𝑘𝑄
𝑟²
sin(60)

  =   
0

2
𝑘𝑄
𝑟²
sin(60)

 

𝐸1⃗⃗⃗⃗⃗(𝑀), 𝐸2⃗⃗⃗⃗⃗(𝑀)

𝐸1⃗⃗⃗⃗⃗(𝑀) 𝐸2⃗⃗⃗⃗⃗(𝑀) 

𝐸1⃗⃗⃗⃗⃗(𝑀) 
(Chales) 

𝐸𝑡𝑜𝑡𝑎𝑙⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ (𝑀) 

𝑞 𝑞′

 

𝐸𝑒 = 𝑘
𝑞𝑞′

𝑟
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𝐸⃗⃗ 𝐹⃗

𝐸⃗⃗ =
𝐹⃗

𝑞′

𝑉 =
𝐸𝑒
𝑞′

𝐸⃗⃗ = −∇⃗⃗⃗ 𝑉

∇⃗⃗⃗

∇⃗⃗⃗ 𝑓(𝑥, 𝑦, 𝑧) =
𝜕𝑓

𝜕𝑥
𝑢𝑥⃗⃗ ⃗⃗⃗

𝜕𝑓

𝜕𝑦
𝑢𝑦⃗⃗ ⃗⃗⃗ +  

𝜕𝑓

𝜕𝑧
𝑢𝑧⃗⃗⃗⃗⃗

𝐸⃗⃗ =  −∇⃗⃗⃗ (
𝑘𝑞

𝑟
) = 𝑘

𝑞

𝑟2
𝑢⃗⃗𝑟

 

Figure 7 : Representation of a potential (left), an equipotential section at V=2.5Volts (in the middle) and a 2D view (right) of this 
section, seen from above.

 

𝑉(𝑀) =
𝑘𝑞

𝑟
 

𝑥 

𝑦 

equipotential section 
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𝜆

𝑄 = ∫ 𝜆 𝑑𝑙
0

𝒞

 

𝜎

𝑄 =∬𝜎 𝑑𝑆

𝑑𝑙 = 𝑑𝑥

 

𝑑𝑙 =  𝑅𝑑𝜃

 

Figure 8 : Representation of the potential for the molecule of ammonia and its ions. (Source: https://www.pearson.com)
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𝜌

𝑄 = ∭𝜌𝑑𝑉

 

 

 

 

 

𝐵⃗⃗ 

 

 

 

 

 

 

 

 

Figure 9: Left: iron filings on a magnet. Right:  schematic of the magnetic field. (Source: https://www.magnetmanila.com) 

 

𝑑𝑆 = 𝑟𝑑𝑟𝑑𝜃

 

𝑑𝑆 = 𝑑𝑥𝑑𝑦 
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𝐹⃗ =  𝑞𝐸⃗⃗

𝑞𝑣⃗ × 𝐵⃗⃗  (

𝐹⃗𝐿𝑜𝑟𝑒𝑛𝑡𝑧  ⊥  𝑣⃗

 

 

 

 

 

𝐸⃗⃗ 𝐵⃗⃗

𝑣⃗

𝐹⃗𝐿𝑜𝑟𝑒𝑛𝑡𝑧 =  𝑞𝐸⃗⃗ + 𝑞𝑣⃗ × 𝐵⃗⃗

Figure 10: Deviation of the electronic 
trajectory by a magnetic field.

Electron 

gun 


