
Module 4

• Magnetic Forces: Force on a moving charge, differential current 

elements, Force between differential current elements, Numerical 

problems (Text: Chapter 9.1 to 9.3). 

• Magnetic Materials: Magnetization and permeability, Magnetic 

boundary conditions, The magnetic circuit, Potential energy and 

forces on magnetic materials, Inductance and mutual reactance, 

Numerical problems (Text: Chapter 9.6 to 9.7). 

• Faraday’ law of Electromagnetic Induction –Integral form and Point 

form, Numerical problems (Text: Chapter 10.1) 
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MAGNETIC FORCES, MATERIALS, AND INDUCTANCE
FORCE ON A MOVING CHARGE

In an electric field the definition of the electric field intensity shows us that the force on a charged particle is

The force is in the same direction as the electric field intensity (for a positive charge) and is directly proportional to both E and Q. If the 

charge is in motion, the force at any point in its trajectory is then given by (1).

A charged particle in motion in a magnetic field of flux density B is found experimentally to experience a force whose magnitude is 

proportional to the product of the magnitudes of the charge Q, its velocity v, and the flux density B, and to the sine of the angle between 

the vectors v and B. The direction of the force is perpendicular to both v and B and is given by a unit vector in the direction of v Â B. The 

force may therefore be expressed as

The force on a moving particle due to combined electric and magnetic fields is obtained easily 

by superposition,

This equation is known as the Lorentz force equation, and its solution is required in determining electron orbits in the magnetron, proton 

paths in the cyclotron, plasma characteristics in a magnetohydrodynamic (MHD) generator, or, in general, charged-particle motion in 

combined electric and magnetic fields.

FORCE ON A DIFFERENTIAL CURRENT ELEMENT

The force on a charged particle moving through a steady magnetic field may be written as the differential force exerted on a differential 

element of charge,
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the Lorentz force equation may be applied to surface current density,

or to a differential current filament,

One simple result is obtained by applying (7) or (10) to a straight conductor in a uniform magnetic field,
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FORCE BETWEEN DIFFERENTIAL CURRENT ELEMENTS

The magnetic field at point 2 due to a current element at 

point 1 was found to be

the differential force on a differential current element is

the differential amount of our differential force on element 2 

as

we obtain the force between two differential current elements,

The total force between two filamentary circuits is 

obtained by integrating twice:
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MAGNETIZATION AND PERMEABILITY

8/31/2020 EMS 5



I is the total free current enclosed by the closed path. 
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a magnetic susceptibility m can be defined:

is defined as the relative permeability R . We next define 

the permeability :
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MAGNETIC BOUNDARY CONDITIONS

where we assume that the boundary may carry a 

surface current K whose component normal to the 

plane of the closed path is K. Thus
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THE MAGNETIC CIRCUIT

the corresponding relationship between the mmf and the 

magnetic field intensity,

we see that the magnetic flux density will be the analog of the current

density,

the total magnetic flux flowing through the cross 

section of a magnetic circuit:

we shall now define reluctance as the ratio of the magnetomotive force to 

the total flux; thus
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POTENTIAL ENERGY AND FORCES ON MAGNETIC MATERIALS

an expression for the energy in an electrostatic field by establishing the work necessary 

to bring the prerequisite point charges from infinity to their final resting places. The 

general expression for energy is
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The total energy stored in a steady magnetic

In spite of the fact that these results are valid only for linear media, we may use them to calculate the forces on 

nonlinear magnetic materials if we focus our attention on the linear media (usually air) which may surround them. 

For example, suppose that we have a long solenoid with a silicon-steel core. A coil containing n turns/m with a 

current I surrounds it. The magnetic field intensity in the core is therefore nI A t/m, and the magnetic flux density 

can be obtained from the magnetization curve for silicon steel. Let us call this value Bst .

INDUCTANE AND MUTUAL INDUCTANCE

We now define inductance (or self-inductance) as the ratio of the 

total flux linkages to the current which they link,
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Let us apply (49) in a straightforward way to calculate the inductance per meter length of a coaxial cable of inner 

radius a and outer radius b. We may take the expression for total flux developed as Eq. (42) in Chap. 8,
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the inductance rapidly for a length d,

8/31/2020 EMS 15



An equivalent definition for inductance may be made using an energy point of view,
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the mutual inductance between circuits 1 and 2,

M12 , in terms of mutual flux linkages,
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where È12 signifies the flux produced by I1 which links the path of the filamentary current I2 , and N2 is the number 

of turns in circuit 2. The mutual inductance, therefore, depends on the magnetic interaction between two currents. 

With either current alone, the total energy stored in the magnetic field can be found in terms of a single inductance, 

or self-inductance; with both currents having nonzero values, the total energy is a function of the two self-

inductances

and the mutual inductance.
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Faradays Law

• Faradays law is stated as 
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• (a) time changing flux linkage a stationary 
closed path.

• (b) relative motion between a steady flux a 
closed path. 

• (c) a combination of the above two cases.
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