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The formulas for computing the strength of a coil are also shown in Figure 11. n
represents the number of turns of wire per unit length (in Figure 11, there are 14 turns of
wire over the length of the coil, » can be found by dividing 14 by the overall length of the
coil); k represents the relative permeability (see Appendix A) of the core. When inserting
a core into a hollow solenoid, the magnetic field of the solenoid is multiplied by the
relative permeability of the core material. The relative permeability of the material is
calculated by dividing the magnetic permeability of the substance (see Appendix A) by

the permeability of free space [18]:
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I = magnetic permeability of the material

Magnetic permeability is a constant of proportionality that exists between
magnetic induction and magnetic field intensity. It is used to represent a material’s
ability to cause the magnetic field lines to move closer together or farther apart.
Materials that cause the field lines to move farther apart as compared to free space are
called diamagnetic. Materials that concentrate the magnetic flux lines by 1 to 10 times
are called paramagnetic. Materials that exceed a concentration factor of 10 are known as
ferromagnetic [16]. Most permanent magnets are made from ferromagnetic substances
because of their ability to sustain a magnetic field; however, when dealing with

electromagnetic coils, ferromagnetic cores are used in a wide variety of applications due
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to their ability to significantly magnify the magnetic field of the coil. As such, low
power, ferromagnetic core coils, can be used to create very strong magnetic fields as
compared to the magnetic fields produced by an air core coil operating at the same
power.

Knowing ferromagnetic cores can definitely produce high magnitude magnetic
fields, the problem turns to calculating the magnitude of these fields. Figure 11 shows
equations for calculating the field strengths of infinitely long solenoids and coils, but
equations for finite length solenoids and coils are necessary for TEFF applications.
Equation 1 gives the mathematical form of the Biot-Savart Law; through derivations

discussed in Chapter 2 of this document, the equation for the magnetic field at a distance

x, from the coil is (see Figure 12 for explanation of variables) [21]:
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o @@@ 1, = permeability of free space (Wb/A-m)
I =current (A)
o @@@ X n = turns/length (1/m)

2» R; = inner coil radius (m)
A __________ —_ 3 R, = outer coil radius (m)
R, Ry — x; = distance to B measurement point

from near side of coil (m)

X
®m® : x; = distance to B measurement point
®®® ® from far side of coil (m)

Figure 12. Variable Explanation for Finite Solenoid
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