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Basics of electrical engineering
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Magnetic field around a wire

Magnetic field at wire 2 from
current in wire 1:
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Electric Force on a length AL of wire 2:
current
F=ILALB

Force per unit length in terms
of the currents:
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Magnetic field of one loop of wire

u‘ :rl . * : by .Irfler
SO I A S R - i 7 -
NN e V4 K r JB = o ldL xr  p,ldLsin®
% -r-* R 4n R’ 4R
Py dB
] = ‘.‘__.-Y"
________________ ) —
|-l I I I
y s TR TR
) *s *t‘ In this special case the symmetry
' " a is such that the field contributions
v N ’ ~‘ of all the current elements around
..;', 1 . the circumference add directly
. - v at the center.The line integral of
en® ’ . the length is just the circumference
: _ Magnetic field B of the circle.

current loop current



Magnetic field of a coil

Ampere’s law The magnetic
parte. field is
concentrated

into a nearly
uniform field in
the center of a
long solenoid.
The field outside
is weaker and the
lines representing
the magnetic field
are further apart.
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Permanent magnet




Torque on a current loop
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Magnetic dipole
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Hysteresis

The ferromagnetic material is selected according to th:
application requirements. For transformers,
electromagnets, etc. we want a hysteresis Iooolo as
narrow as possible, B, 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
B, 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 manufacturin§
magnetic memory (tapes, disks, in the past also ferrite
memory), we want B, 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 enerfgy during state changes, which
manifests itself in the heating of matter.




Magnetic properties of materials
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Magnetic Properties of Various Hard Magnetic Materials at RT (T, M, K;)

- FeCoC, Sm2Fel7N3 Fel6N2 (810 K: 26.8 kG 1 MJ/m?
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i PtCo (840 K; 10 kG; 4.9 MJ/m?) 0.6 M)
11kG;
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Maximum current density

A
mm?

* For copper: p = 95



Approximate values for a motor

* Force acting on a conductor : F = ilByqx = UnaxABmax =

Unax 2T LBy g
e Torque: M = Fr = 1,4, 21T By 05T = KUaae BmaxV

* Power: P = Mw = ki35 By V0



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 U, as a function of time if R, =2, R, =20, R, =
1, L, = 5H. The supply voltage is equal to U, = 24V .
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Typical voltage forms

* DC

* AC



Power grid voltage properties by country
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