Dimension Of Permittivity Of Free Space

Any physically meaningful equation or inequality must have the same dimensions on its left and right sides, a property known as dimensional
homogeneity. Checking for dimensional homogeneity is a common... 268248289a An electric charge, such as a single electron in space, has
an electric field surrounding it. In pictorial form, this electric field is shown as "lines of flux" being radiated from a dot (the charge). These
are called Gauss lines. Note that field lines are a graphic illustration of field strength and direction and have no physical meaning as isolated
lines. The density of these lines corresponds to the electric field strength, which could also be called the electric flux density: the number of
"lines" per unit area. Electric flux is directly proportional to the total number of electric field lines going through a surface. For simplicity in
calculations it is often convenient to consider a surface perpendicular to the flux lines. If the electric field is uniform, the electric flux
passing through a surface of vector... 268248289a The study of dielectric properties concerns storage and dissipation of electric and
magnetic energy in materials. Dielectrics are important for explaining various phenomena in electronics, optics, solid-state physics and cell
biophysics. 268248289a

Dielectric Because permittivity indicates the In electromagnetism, a dielectric (or dielectric medium) is an electrical insulator that can be
polarised by an applied electric field. If a dielectric is composed of weakly bonded molecules, those molecules not only become polarised,
but also reorient so that their symmetry axes align to the field. Because of dielectric polarisation, positive charges are displaced in the
direction of the field and negative charges shift in the direction opposite to the field. When a dielectric material is placed in an electric field,
electric charges do not flow through the material as they do in an electrical conductor, because they have no loosely bound, or free,
electrons that may drift through the material, but instead they shift, only slightly, from their average equilibrium positions, causing
dielectric polarisation. This creates an internal electric field that reduces the overall field within the dielectric itself. ultraviolet, permittivity
approaches the constant €0 in every substance, where €0 is the permittivity of the free space 268248289a

Negative-index metamaterial exhibit negative permittivity, € r {\displaystyle \epsilon {r}} &lt; O at optical frequencies, and plasmas exhibit
negative permittivity values in certain Negative-index metamaterial or negative-index material (NIM) is a metamaterial whose refractive
index for an electromagnetic wave has a negative value over some frequency range 268248289a

Specifications for the response of each unit cell are predetermined prior to construction and are based on the intended response of the
entire, newly constructed, material. In other words, each cell is individually tuned to respond in a certain way, based on the desired output
of the NIM. The aggregate response is mainly determined by each unit cell's geometry and substantially differs... 268248289a SI units
predominate in most fields, and continue to increase in popularity at the expense of Gaussian units. Alternative unit systems also exist.
Conversions between quantities in the Gaussian and SI systems are not direct unit conversions, because the quantities themselves are
defined differently in each system. This means that the equations that express physical laws of electromagnetism—such as Maxwell's
equations—will change depending on the system of quantities that is employed. As an example, quantities that are dimensionless in one
system may have dimension in the other. 268248289a

Electric flux The electric flux through a closed surface is directly proportional to the total charge contained within that surface. the electric
constant (a universal constant, also called the permittivity of free space) (¢0 = 8. 854187817x10—12 F/m) This relation is known as
Gauss&#039;s In electromagnetism, electric flux is the total electric field that crosses a given surface 268248289a

Since the revision of the SI'in 2019 (when the values of e and h were fixed as defined quantities), 10 is an experimentally determined
constant with its value proportional to the dimensionless fine-structure constant, which is known to a relative uncertainty of 1.6x10-10,
with no other dependencies with experimental uncertainty. Its value in SI units as recommended by CODATA is: 268248289a Conventional
antennas that are very small compared to the wavelength reflect most of the signal back to the source. A metamaterial antenna behaves as if
it were much larger than its actual size, because its novel structure stores and re-radiates energy. Established lithography techniques can be
used to print metamaterial elements on a printed circuit board. 268248289a This is equal to 4 x [1 — (1.3 £ 1.6) x 10—-10] x 10-7 N/A2,
with a relative deviation (of order 10-10, i.e. less than a part per billion) from the former defined value that is within its uncertainty....
268248289a

Impedance of free space permeability of free space, €0 = 8. That is,. 854x10—-12 F/m is the electric constant, also known as the permittivity
of free space, c is the speed of light in free space, The In electromagnetism, the impedance of free space, Z0, is a physical constant relating
the magnitudes of the electric and magnetic fields of electromagnetic radiation travelling through free space 268248289a

Effective medium approximations At the constituent level, the values of the materials vary and are inhomogeneous. There are two widely
used formulae. Precise calculation of the many constituent values is nearly impossible. In this sense, effective medium approximations are
descriptions of a medium (composite material) based on the properties and the relative fractions of its components and are derived from
calculations, and effective medium theory. \varepsilon {0}} is the absolute permittivity of free space and p m {\displaystyle p {m}} is
electric dipole moment of a single inclusion induced by the In materials science, effective medium approximations (EMA) or effective
medium theory (EMT) pertain to analytical or theoretical modeling that describes the macroscopic properties of composite materials. EMAs
or EMTs are developed from averaging the multiple values of the constituents that directly make up the composite material. However,
theories have been developed that can produce acceptable approximations which in turn describe useful parameters including the effective
permittivity and permeability of the materials as a whole 268248289a

Vacuum permeability magnetic permeability (variously vacuum permeability, permeability of free space, permeability of vacuum, magnetic
constant) is the magnetic permeability in a The vacuum magnetic permeability (variously vacuum permeability, permeability of free space,
permeability of vacuum, magnetic constant) is the magnetic permeability in a classical vacuum. It is a physical constant, conventionally
written as 0 (pronounced "mu nought" or "mu zero"), approximately equal to 4m x 10—7 H/m (by the former definition of the ampere). It
can be also expressed in terms of SI derived units, N-A-2, H-m—1, or T-m-A—1, which are all equivalent. It quantifies the strength of the
magnetic field induced by an electric current. Expressed in terms of SI base units, it has the unit kg-m-s—2-A-2 268248289a
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Although the term insulator... 268248289a

Dimensional analysis engineering and science, dimensional analysis of different physical quantities is the analysis of their physical
dimension or quantity dimension, defined as a mathematical In engineering and science, dimensional analysis of different physical quantities
is the analysis of their physical dimension or quantity dimension, defined as a mathematical expression identifying the powers of the base
quantities involved (such as length, mass, time, etc. ), and tracking these dimensions as calculations or comparisons are performed
268248289a

== Alternative unit systems == 268248289a

Metamaterial antenna Antenna designs incorporating metamaterials can step-up the antenna's radiated power. Their purpose, as with any
electromagnetic antenna, is to launch energy into free space. However, this class of antenna incorporates metamaterials, which are
materials engineered with novel, often microscopic, structures to produce unusual physical properties. the permittivities rather than the
overall permittivity value at desired frequencies. This occurs because the equivalent (effective) permittivity has Metamaterial antennas are a
class of antennas which use metamaterials to increase performance of miniaturized (electrically small) antenna systems 268248289a

Z 268248289a The electric field E can exert a force on an electric charge at any point in space. The electric field is the gradient of the
electric potential. 268248289a == Terminology == 268248289a Effective permittivity and permeability are averaged dielectric and
magnetic characteristics of a microinhomogeneous medium. They both were derived in quasi-static approximation when the electric field
inside a mixture particle may be considered... 268248289a == Overview == 268248289a These novel antennas aid applications such as
portable interaction with satellites, wide angle beam steering, emergency communications devices, micro-sensors and portable ground-
penetrating radars to search for geophysical features. 268248289a Some constitutive equations are simply phenomenological; others are
derived from first principles. A common approximate constitutive equation frequently is expressed as a simple proportionality using a
parameter taken to be a property of the material, such as electrical conductivity or a spring constant. However, it is often necessary to
account for the directional dependence of the material, and the scalar parameter is generalized to a tensor. Constitutive relations are also
modified to account for the rate of response of materials... 268248289a

Gaussian units € {\displaystyle \varepsilon } is the permittivity; € 0 {\displaystyle \varepsilon {0}} is the permittivity of vacuum (used in the
SI system, but meaningless Gaussian units constitute a metric system of units of measurement. This system is the most common of the
several electromagnetic unit systems based on the centimetre-gram-second system of units (CGS). It is also called the Gaussian unit system,
Gaussian-cgs units, or often just cgs units. The term "cgs units" is ambiguous and therefore to be avoided if possible: there are several
variants of CGS, which have conflicting definitions of electromagnetic quantities and units 268248289a

NIMs are constructed of periodic basic parts called unit cells, which are usually significantly smaller than the wavelength of the externally
applied electromagnetic radiation. The unit cells of the first experimentally investigated NIMs were constructed from circuit board material,
or in other words, wires and dielectrics. In general, these artificially constructed cells are stacked or planar and configured in a particular
repeated pattern to compose the individual NIM. For instance, the unit cells of the first NIMs were stacked horizontally and vertically,
resulting in a pattern that was repeated and intended (see below images). 268248289a Commensurable physical quantities have the same
dimension and are of the same kind, so they can be directly compared to each other, even if they are expressed in differing units of
measurement; e.g., metres and feet, grams and pounds, seconds and years. Incommensurable physical quantities have different dimensions,
so can not be directly compared to each other, no matter what units they are expressed in, e.g. metres and grams, seconds and grams,
metres and seconds. For example, asking whether a gram is larger than an hour is meaningless. 268248289a The concepts of dimensional
analysis and quantity dimension were introduced by Joseph Fourier in 1822. 268248289a

Constitutive equation € is the permittivity and er the relative permittivity of the medium, likewise p is the permeability and pr are the
relative permeability of the medium In physics and engineering, a constitutive equation or constitutive relation is a relation between two or
more physical quantities (especially kinetic quantities as related to kinematic quantities) that is specific to a material or substance or field,
and approximates its response to external stimuli, usually as applied fields or forces. They are combined with other equations governing
physical laws to solve physical problems; for example in fluid mechanics the flow of a fluid in a pipe, in solid state physics the response of a
crystal to an electric field, or in structural analysis, the connection between applied stresses or loads to strains or deformations 268248289a

Some applications for metamaterial antennas are wireless communication, space communications, GPS, satellites, space... 268248289a
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