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Basics of electrical engineering

රD ⋅ ⅆS = න𝜌𝑒 ⅆ𝑉 = 𝑒

රB ∙ ⅆS = 0

රE ∙ ⅆs = −න
𝜕B

𝜕𝑡
ⅆS = −

ⅆΦ

ⅆ𝑡

රH ∙ ⅆs = න 𝑗𝑒 +
𝜕D

𝜕𝑡
∙ 𝑑S = 𝐼 +

𝑑Φ𝑒

𝑑𝑡

D = 𝜀𝜀0E 𝜀0 = 8.85 10−12
𝐶2

𝑁𝑚2

B = 𝜇𝜇0H 𝜇0 = 4𝜋 10−7
𝐻

𝑚

F = −
1

4𝜋𝜀0

𝑒1𝑒2

r2
Ƹ𝑟 F = 𝑒E E = −

1

4𝜋𝜀0

𝑒

r2
Ƹ𝑟

F =
𝜇0

4𝜋

𝑒1𝑒2

r2
v ⨯ (v′ ⨯ Ƹ𝑟)       F = 𝑞v ⨯ B B =

𝜇0

4𝜋

𝑒2

r2
(v′ ⨯ Ƹ𝑟)

𝛻 ∙ D = 𝜌𝑒

𝛻 ∙ B = 0

𝛻 × E +
𝜕B

𝜕𝑡
= 0

𝛻 × H −
𝜕D

𝜕𝑡
= 𝑗𝑒



Magnetic field around a wire



Magnetic field of one loop of wire



Magnetic field of a coil



Permanent magnet



Torque on a current loop



Magnetic dipole

• τ = µ × B



Hysteresis

The ferromagnetic material is selected according to the 
application requirements. For transformers, 
electromagnets, etc. we want a hysteresis loop as 
narrow as possible, Br as small as possible and a 
characteristic that should resemble a straight line as 
much as possible. Such substances are called soft 
magnetic substances. When making a permanent 
magnet, we want a material with the highest possible 
Br and the widest possible hysteresis loop, so that the 
material is as resistant as possible to the effects of the 
external magnetic field. Such substances are called 
hard magnetic substances. When manufacturing 
magnetic memory (tapes, disks, in the past also ferrite 
memory), we want Br to be as large and as pronounced 
as possible, and at the same time, the hysteresis loop 
must be as narrow as possible, so that we do not use 
too much energy during state changes, which 
manifests itself in the heating of matter.



Magnetic properties of materials



Maximum current density

• For copper: 𝜌 = 95
𝐴

𝑚𝑚2



Approximate values for a motor

• Force acting on a conductor : 𝐹 = 𝑖𝑙𝐵𝑚𝑎𝑥 = ҧ𝑖𝑚𝑎𝑥𝐴𝐵𝑚𝑎𝑥 =

ҧ𝑖𝑚𝑎𝑥2𝜋𝑟𝑙𝐵𝑚𝑎𝑥

• Torque: 𝑀 = 𝐹𝑟 = ҧ𝑖𝑚𝑎𝑥2𝜋𝑟𝑙𝐵𝑚𝑎𝑥𝑟 = 𝑘 ҧ𝑖𝑚𝑎𝑥𝐵𝑚𝑎𝑥𝑉

• Power: 𝑃 = 𝑀𝜔 = 𝑘 ҧ𝑖𝑚𝑎𝑥𝐵𝑚𝑎𝑥𝑉𝜔



Problem 

• The picture shows a simplified model of an electric motor. The switch 
is closed until time t = 0, and then it is opened. Determine the voltage 
on the electric motor Um as a function of time if Rb = 2, Rs = 20, Rm = 
1, Lm = 5H. The supply voltage is equal to Ub = 24V .



Typical voltage forms

• DC

• AC



Power grid voltage properties by country


