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Figure 2-1 Atoms of representative elements of most interest in electronics. (a) Hydrogen atom. (b)
Aluminum atom. (¢) Silicon atom. (d) Germanium atom. (Source: R. R. Wright and H. R. Skutt, Electronics:
Circuits and Devices, 1965; reprinted by permission of John Wiley and Sons, Inc.)
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Figure 2-2 A typical atom. (a) Absence of applied field. () Under applied field.

Figure 2-3 Formation of a dipole between two opposite charges of equal magnitude Q.
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Figure 2-4 Mechanisms producing electric polarization in dielectrics.

Advanced Engineering Electromagnetics (Second Edition), Balanis, Wiley, 2012, ISBN-10: 0470589485,
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Figure 2-5 Macroscopic scale models of materials. (a) Nonpolar. (b) Polar.
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Figure 2-6 Dielectric slab subjected to an applied electric field E,. (a) Total charge. (b) Net charge.

Advanced Engineering Electromagnetics (Second Edition), Balanis, Wiley, 2012, ISBN-10: 0470589485,
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TABLE 2-1 Approximate static dielectric constants (relative permittivities) of dielectric

materials

Material Static dielectric constant (¢, )

Air 1.0006

Styrofoam 1.03

Paraffin 2.1

Teflon 2.1

Plywood 2.1

RT/duroid 5880 2.20

Polyethylene 2.26

RT/duroid 5870 2.35

Glass-reinforced teflon (microfiber) 2.32-2.40

Teflon quartz (woven) 2.47

Glass-reinforced teflon (woven) 2.4-2.62

Cross-linked polystyrene (unreinforced) 2.56

Polyphenelene oxide (PPO) 2.55

Glass-reinforced polystyrene 2.62

Amber 3

Soil (dry) 3

Rubber 3

Plexiglas 34

Lucite 3.6

Fused silica 3.78

Nylon (solid) 3.8

Quartz 3.8

Sulfur 4

Bakelite 4.8

Formica 5

Lead glass 6

Mica 6

Beryllium oxide (BeO) 6.8-7.0

Marble 8

Sapphire &y =& =94

g, =11.6

Flint glass 10

Ferrite (Fe;03) 12-16

Silicon (Si) 12

Gallium arsenide (GaAs) 13

Ammonia (liquid) 22

Glycerin 50

Water 81

Rutile (TiO;) , & = & = &9
) g, =173

Advanced Engineering Electromagnetics (Second Edition), Balanis, Wiley, 2012, ISBN-10: 0470589485,
ISBN-13: 978-0470589489.
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(a) (b)

Figure 2-8 Orientation and alignment of magnetic dipoles. (a) Random in absence of an applied field.
{b) Aligned under an applied field. '

YYYYYY

Figure 2-9 Magnetic slab subjected to an applied magnetic field and the formation of the magnetization
current density J,,;.

Advanced Engineering Electromagnetics (Second Edition), Balanis, Wiley, 2012, ISBN-10: 0470589485,
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TABLE 2-2 Approximate static relative permeabilities of magnetic
materials

Material Class Relative permeability (pq)
Bismuth Diamagnetic 0.999834
Silver Diamagnetic 0.99998
Lead Diamagnetic 0.999983
Copper Diamagnetic 0.999991
Water Diamagnetic 0.999991
Vacuum Nonmagnetic 1.0
Air Paramagnetic 1.0000004
Aluminum Paramagnetic 1.00002
Nickel chloride Paramagnetic 1.00004
Palladium Paramagnetic 1.0008
Cobalt Ferromagnetic 250
Nickel Ferromagnetic 600
Mild steel Ferromagnetic 2,000
Iron Ferromagnetic 5,000
Silicon iron Ferromagnetic 7,000
Mumetal Ferromagnetic 100,000
Purified iron Ferromagnetic 200,000
Supermalloy Ferromagnetic 1,000,000
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