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[7]Foreword


“I can’t believe you’re reading a real book! Everything’s on the internet these days and it’s far more up to date. Yet here you are with an encyclopaedic dictionary in your hand! Why not just go online? It’s far more practical.”

As you haven’t stopped reading by now, I assume you have your reasons. If you’ve ever found yourself heading somewhere in an unfamiliar town without the aid of a GPS, you’ll understand the value of reliable resources. If we get lost, we usually seek guidance from a local. If they point us in the right direction, we should reach our destination. If not, the search continues, sometimes leading us further astray.

Since you’re continuing to read this book, I assume you’re interested in electrostatics. And whether by luck or judgement, you’ve certainly hit upon very capable authors, Günter and Sylvia Lüttgens, the founders of this encyclopaedic dictionary. They dedicated their careers to exploring electrostatic phenomena, not only to fully understand those themselves, but also with a view to helping others understand their complexity. The current author, Wolfgang Schubert, was so fascinated by electrostatics during his early days in the printing industry that he’s been keenly solving electrostatic problems ever since. His involvement in this dictionary was truly fortuitous for the Lüttgens – and now for you as well.

When revising and enlarging this encyclopedia, Wolfgang Schubert meticulously reviewed and updated the content of each and every entry to keep the wording precise and succinct. Moreover, he also made every effort to show how different terms are interlinked. How do I know this? I, too, was directly involved – through countless emails and phone conversations – as he combed through original literature, studied definitions and standards in textbooks and reference works, and honed the entries to ensure they were accessible to lay readers, yet remained accurate.

Look up any term, and you’ll quickly perceive Wolfgang Schubert’s passion for electrostatics as you follow references to other entries. You’ll soon find yourself captivated by the contents, despite merely holding a reference book. Whether you’re seeking specific knowledge or are just inquisitive, congratulations – you’ve come to the right place!

Dr. Oswald Losert



[9]Preliminary remark and thanks


My dear companion and advisor, Dipl.-Ing. Günter Lüttgens, with whom his wife Sylvia and I had written two books together, asked me at the end of 2019 whether I could imagine revising his encyclopedia “Static Electricity”, which had already been published in several editions. At that time, I had no idea of the great challenges I was facing.

Electrostatics has become a hobby I’ve loved for over 27 years. In the spring of 2020, we started to revise the first terms together and realized that the structure of the lexicon also needed to be redesigned. Future users should get a tool that can be used in practice. For example, if you are looking for measuring electrodes, you can now find a large number of them in one place. Due to the geographical distance, we spent many hours on the phone, exchanged numerous emails and struggled to describe the terms as perfectly as possible. Nothing was invented, but found, researched, checked, sorted, and translated into hopefully understandable language.

Unfortunately, our collaboration came to an abrupt end in March 2021 with the sudden death of the 87-year-old. The vast knowledge of Günter was no longer available to me.

In order to complete the work on electrostatics, I looked for experts whom I knew from my previous work and whom I found while researching on the Internet. Other people interested in the book and consultants from related fields also helped me in many ways with their knowledge. I would like to thank all of them, although I can only name a few here: Dr. Ulrich von Pidoll, Dr. Oswald Losert, Dr. Maciej Noras, Hermann Künzig, Christian Vogel, Christian Hinz, Dr. Florian Baumann.

Without the intensive support of my wife Beate, the lexicon would not have come into being. With great patience, precision, and untiring persistence, she accompanied me on my way and created the space for it.

This encyclopedia is also intended as a memorial to Günter Lüttgens, who, together with his wife Sylvia, has held seminars and lectures on the subject in Germany and abroad for many years, has written expert reports, and has worked in many standards committees. Years ago, the couple founded the “↑Elstatik-Stiftung”, a foundation, which promotes young scientists for services in the field of electrostatics and energy efficiency.

Wolfgang Schubert
Taucha in December 2024



[11]User notes


This lexicon is an extensively revised and supplemented translation of the German edition of 2022, attempting to follow international standards.

The terms have been translated in accordance with the terminology of the IEC – International Electrotechnical Commission (www.iec.ch or electropedia.org).

However, important German regulations have been retained so that foreign users of the dictionary can also refer to them when working with this book. Some international regulations have been researched and added, but without any claim to completeness.

The lexicon contains not only static electricity terms, but also terms that contribute to a deeper understanding of the subject. To ensure that the lexicon can be used fully and without disappointment, here are some tips on how to use it.

An essential term in electrostatics is ‘influence’, which in English is translated as ‘induction’. In German, the term influencing as electrostatic influence has become established as a more precise term due to the Latin origin of the word. For this reason, the dictionary’s translation retains the term influence.

The term ‘earth’ is used internationally with the noun earth and refers to ‘the planet earth with all its physical matter’. [IEC 60050] Only in American usage is the term ‘ground’ used. We have therefore decided to use only the noun earth and the verb earth.

Cross-references are intended to help open up the content of the encyclopedia in all directions. The reference arrow ↑ suggests that you look up the term behind it to find more information or cross-references.

Among many others, two references are fundamental to electrostatics:


	
DGUV-Information: TRGS 727, Avoidance of Ignition Hazards due to Electrostatic Charges, (free download: https://www.baua.de/DE/Angebote/Regelwerk/TRGS/TRGS-727)

This is cited in the text, along with the relevant chapter, where applicable. (Example [TRGS 727 Section 4]) TRGS 727 is the German version of [IEC/TS 60079-32-1].



	Textbook: Lüttgens, G., Schubert, W., Lüttgens, S., Pidoll, U.v., Emde, S., (2020) Statische Elektrizität, Durchschauen – Überwachen – Anwenden. Unfortunately, this is not available as an English translation. Nevertheless, the reference to this source is retained in the text so that those interested can use it. It is mentioned in the text in connection with the respective chapter. (Example [SE Section 2])






[13]A


Absolute error. Difference between the “true” value and the measured value. If the true value is not known, it is replaced by the average of a larger number of measurements. (↑measurement accuracy, ↑measurement error)

Absolute humidity, ↑humidity

Absolute temperature, ↑temperature, ↑Kelvin [K]

Absorption (Latin: absorbere, “absorb”). Absorption of gases (vapors) in solids or liquids and subsequent uniform distribution within the absorber. Absorption increases as the temperature of the absorber decreases and the pressure of the gas increases. Conversely, gas or liquid can be released from the absorber (↑desorption). This leads to ↑hysteresis, i.e. the absorber “remembers” its initial state. For ↑hygroscopic materials, the absorption of water steam from the atmosphere has a major influence on their electrostatic properties, e.g. surface resistance (↑humidity, ↑water activity).


	Dielectric absorption. Describes the relaxation effect of a dielectric in a strong electric field. In capacitors, it manifests itself as a reappearing voltage (recharging effect) after a discharge (short-circuit) and a slowly decreasing leakage current at a newly applied constant voltage. This effect is particularly common in electrolytic capacitors and is usually electrochemical in origin. The recharging effect can cause considerable hazards in power capacitors, which is why they must always be stored and transported in a short-circuited condition.


	Absorption of radiation. Attenuation of the power of ↑electromagnetic radiation as it passes through a material (↑shielding) and thereby conversion to heat. In the case of absorption, there is generally an exponential decrease in irradiated power with increasing layer thickness.


	Absorption attenuation. Material thickness is a significant factor in the absorption of radiation. However, since high-frequency currents propagate primarily at the surface due to the ↑skin effect, the influence of the total material profile on the absorption of electromagnetic radiation decreases with increasing frequency compared to the area near the surface.


	Absorption method for determining absolute humidity. The air to be tested is passed over calcium chloride (CaCl2). The water contained in the air is absorbed. The amount of air is measured with a flowmeter and the amount of water absorbed is measured with a balance (increase in weight of calcium chloride), giving the absolute humidity in [g/m3].




AC, short for ↑alternating current

AC discharge, ↑ionizer

[14]Accelerator. Devices for accelerating electrically charged particles to high kinetic energies (↑electronvolt). Accelerators include: ↑Van de Graaff generator, ↑betatron, ↑linear accelerator, ↑synchrotron, ↑synchrocyclotron, ↑cyclotron.

Acceptor. ↑Foreign atom in the semiconductor that causes a mobile ↑defect electron in the ↑valence band. Acceptors are also materials that have a high ↑electron emission energy and therefore accept electrons on contact from materials that have a lower emission energy (↑donor, ↑charging, ↑Brønsted-Lowry definition).

The interaction of acceptor and donor in the range of ≤ 10-9 m is essential for understanding the generation of electrostatic charges (↑charging). However, it must be assumed that the interaction conditions can constantly change extremely depending on the contact points, since there are no pure surfaces in this range. (↑permittivity, ↑permeability, ↑contamination, ↑pollution)

Accumulator. Storage devices for electrical energy, with ↑lithium-ion accumulators currently dominating the market. While charging with direct current, an electrochemical transformation takes place that is reversible during discharging. The discharge current flows in the opposite direction to the charge current. The charge voltage is higher than the discharge voltage. The ampere-hours absorbed by a lead-acid battery during charging, for example, can be recovered up to 90 %, whereas the efficiency in terms of the number of Watt-hours is < 75 %. The discharge voltage of a cell is currently between 1 and 4.2 V. By connecting many cells in series, accumulators with voltages of over 100 V can be obtained (↑capacitance, ↑capacitor).

Active discharge bar, ↑ionizer

Active ionizer, ↑ionizer

Active part. Term for any conductor or conductive part intended to be live during normal operation, including the neutral conductor, but not, by common agreement, the ↑PEN conductor.

Active resistance, ↑alternating current quantity

Adaptation. Operating condition for an electrical system to make optimum use of a ↑voltage source (circuit diagram). A distinction is made between current, voltage, and power adaptation with the following constraints:

Maximum current: Re < Ri, maximum voltage: Re > Ri, maximum power: Re = Ri
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In high-frequency systems, adaptation refers to a constant impedance (↑alternating current quantity) from the source to the sink of a signal system. Each point on the signal curve can be considered according to its impedance change. In practice, however, this occurs only at technically conditioned transitions from component to component (e.g. cable to connector) in the signal path.

The most common impedance in high-frequency systems is 50 Ω. Impedance describes the ratio of the magnitudes of the electrical and magnetic components of the continuous signal wave. [15]Only if the signal always encounters this impedance along its path will the entire electrical component always be transformed into the magnetic component and back again, with the corresponding phase shift, and thus continue along its signal path. If the purely ohmic losses of the line are ignored, the same level of the RF signal is measured at each point of the signal path (↑charge transfer – measurement).

If the adaptation is not ideal at a certain point, it is not possible for one of the two components of the signal to be fully converted into the other component since the changed impedance suddenly forces a change in the ratio of the electric to the magnetic component. However, the non-convertible component of the affected component is not simply destroyed, but is reflected in the direction of its source, creating a wave component that is superimposed on the main wave traveling toward it. Since the outgoing and returning waves travel at the same speed on the same line in opposite directions, a pattern of both waves in the form of a standing wave is created between the source and the mismatched location. To the extent that the adaptation at the point in question is not ideal, i.e. to the extent that the changed impedance deviates from the source impedance, there will be a difference between the wave maxima and minima of the standing wave on the line. In the case of a short-circuit or an open end of the line, there is a total reflection of the signal at that point and a standing wave with minima of magnitude zero (standing wave ratio). When the voltage amplitude across the line is used as a quantity, it is called the voltage standing wave ratio, or VSWR. This value is most often specified in the data sheet for RF components to indicate the accuracy of the component in maintaining the nominal impedance, i.e. its adaptation, over the operating frequency range.

Addition (of powder/dust). ↑Bulk material in the form of ↑powder or ↑dust must not be added from open plastic containers to ↑receiving vessels containing flammable solvents, so appropriate protective measures must be provided: ↑inerting, ↑PTS, ↑personal protective equipment, ↑earthing, ↑exhaust system. [TRGS 727 Section 6.3]

Additional insulation, ↑insulation

Additive. Many materials contain additives that can lead to the generation of an ↑electret if their ↑permittivity is in the higher range (e.g. titanium dioxide with ε = 111). {Appendix A}, [SE Section 2.15]

Adherence effect. Utilization of the ↑Coulomb force for the adherence of opposite polarity charged materials to each other. When using a ↑charging electrode, these must be positioned between its tip row and a counter-potential (↑counter electrode), which has the other polarity or an earth potential. The surfaces are charged and have different charge signs. Several flat structures can also be electrostatically charged with each other in such a way that they are locked together (adherence) and achieve high stability with a correspondingly long relaxation time. This adherence effect can, for example, replace an adhesive, a stiffener or even mechanical fixation (↑electro adhesion, ↑useful application, ↑Van der Waals forces). [SE Section 8.3]

Adhesion. The adhesion of particles can be achieved by material bridges (adhesive, sintering, liquid) or, if the distance is adequate, by one of the following three mechanisms:


	Van der Waals forces (↑molecular forces, ↑adsorption)


	[16]Form-fit adhesion due to the tackiness of materials with appropriate surface structures


	↑Coulomb forces between oppositely charged particles that attract each other. Only these are responsible for electrostatic adhesion. (↑useful application, ↑electro adhesion)




A charged object in the vicinity of a ↑conductor can influence a charge of opposite polarity, which attracts and holds it (↑contamination, ↑soiling, ↑image charge). These adhesive forces can be used, for example, to temporarily fix insulating objects to conductive surfaces.

	Adhesion of an insert (printing industry), a melt flag (film production), a label in the injection mold: ↑in-mold labeling



Adjustment (Latin: iustus, “just”). Setting or ↑calibration of a measuring device in order to eliminate any deviations detected. In contrast to calibration, adjustment is always an intervention in the measuring device that causes a permanent change.

Admittance, ↑alternating current quantity

ADR, short for French: Accord relatif au transport international des marchandises dangereuses par route (Agreement concerning the International Carriage of Dangerous Goods by Road), ↑dangerous goods

Adsorption. In contrast to ↑absorption, represents the binding of gases/vapors (atoms and molecules) only at the surface of a solid, under otherwise comparable interactions to absorption.


	Physisorption: Bonding of molecules by ↑Van der Waals forces without altering them.


	
Chemisorption: Bonding by chemical forces (reaction) that can modify the molecules. Adsorption depends on:


	Chemical nature of the adsorbent


	Chemical nature of the adsorptive (e.g. selective adsorption can adsorb only parts of it)


	Structure of the surface (surface-specific adsorption)


	Ambient pressure and temperature


	Presence of other adsorptive substances








[Wedler, G., Freund, H.-J. (2018)]

Aerosil®. Very finely divided silicon dioxide (SiO2), commonly known as silica, with particle sizes in the nm-range, used primarily as a filler. Because of its large specific surface area, Aerosil® is extremely effective at dissipating electrostatic charges. For example, even a few parts per thousand Aerosil® in insulating liquids can result in an order of magnitude higher charge due to interface enlargement. On the other hand, Aerosil® deposited on solid surfaces can reduce charging effects by keeping surfaces in contact with large areas at a distance (↑charging).

Aerosol (Latin: solutus, “dissolved”). Term for a gas (especially air) containing suspended solid or liquid matter (diameter 10-9 to 10-4 m), e.g. smoke, mist, fog, carbonic dioxide snow (↑electro aerosol). Aerosols play an important role in weather patterns as condensation nuclei. The deliberate artificial generation of aerosols (e.g. oil mist for combustion [17]processes) can also be achieved by electrostatic ↑atomization (↑useful application). Aerosols are used for inhalation and pest control, for example. Electrostatically charged aerosols can simulate gas charging (↑gas).

	Aerosol separator, ↑separation of substances



Aerosol-air mixture. The manner in which the ↑aerosol is generated has a significant influence on the formation of an explosive aerosol-air mixture. The results are highly dependent on the droplet sizes and their distribution (local concentration). For aerosols with droplet diameters < 20 μm, it can be assumed that they have properties corresponding to the associated gases/vapors. (↑explosion hazard), [Hesener, U., Kampe, B. et al. (2017)]

Agglomeration (Latin: agglomerare, “to press together”). Loose ↑adhesion of solid particles (↑primary particles) to each other, often caused by electrostatic forces of attraction (seeking minimum surface energy states).

Aggregate (Latin: aggregare, “to pile up”). A mass of loosely packed particles. The surface area of these particles is less than the sum of the surfaces of the ↑primary particles.

Aggregation. Loose, low-energy assembly of ↑ions or ↑molecules.

Agitator. The stirring devices in boilers and reactors can cause a ↑charge of the liquid due to the flow processes they initiate if the conductivity of the liquid is less than 10 nS/m. In general, stirring pure liquids does not generate high charges, but as soon as ↑dispersions (liquid/liquid, liquid/solid) are involved, correspondingly high charges can occur due to the much larger contact surfaces. The conductivity of the ↑continuous phase determines the level of these charges. In the case of internal glass-lined agitators, the charging can lead to electric ↑breakdowns (punctures) in the glass layer (↑gas discharge mark). [TRGS 727 Section 4]

Air boundary layer (laminar). Depending on the surface structure, an air boundary layer is created in material webs moving at a sufficient speed, which impedes heat or mass transfer in process engineering processes (especially drying).
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This layer can be swirled by an ↑ion current and thus influenced (e.g. exhausted). Heat/substance transport is improved (see figure next page). [SE Section 8.2.9]
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[18]Air breakdown arc. Marking a test method in which the electrode of the ↑ESD test generator is brought so close to the device under test that the discharge occurs by a flashover directly toward the device under test.

Air capacitor. Is a ↑capacitor whose ↑dielectric consists of air.

Air conductivity. As air conductivity is based on the ion content of the air, dry air is – contrary to general belief – more conductive than air with high humidity. The conductivity of pure dry air under normal conditions is given as 30 fS/m (femto-siemens/meter), while it is 1 fS/m for air at dew point temperature. The reason for this behavior is that the ↑aerosols contributing to the ionic conductivity near the dew point temperature act as ↑condensation nuclei and are separated with the mist droplets.

Air ionization, ↑ionization

Air jet mill (micronizer). Grinds particles using the energy introduced by the grinding gas. The air jet mill often has a hard or elastic plastic lining to prevent product adhesion, especially in the area of the inlet nozzle. If electrically insulating materials are used, there is a risk of ignition due to the ↑propagating brush discharge. The latter can be prevented or reduced to a safe level by perforating the lining in a grid of approximately 10 mm.

Airbag. Protective device in vehicles in the form of an extremely rapidly inflating airbag, which is inflated by an electrically triggered gas generator. In several cases, electrostatic charging (↑personnel charging), e.g. when getting out of a ↑car, has caused airbags to deploy incorrectly. The cause was usually inadequate or missing earthing of metal parts of the airbag housing (especially in the steering wheel), which led to false triggering of the ignition elements due to ↑influence or ↑ESD.

Alpha radiation. Particle radiation produced during radioactive decay (e.g. of polonium Po210), which is identical to 2 times positively charged helium nuclei. Because alpha radiation has the highest ionization density of all nuclear radiation, it has often been used as an ↑ion source to eliminate unwanted electrostatic charges or to measure electrostatic fields with radium Ra226 (no longer acceptable today from a radiation protection standpoint). Under atmospheric conditions, a radiation energy of 1 MeV (↑electronvolt) produces 6000 ion pairs/mm from alpha radiation, 800 from ↑beta radiation, and 40 from ↑gamma radiation. Alpha radiation is easily shielded, e.g. with paper.

[19]Alternating current (AC). A current driven by an ↑alternating voltage that periodically changes its direction and magnitude (amplitude), with its average value always being zero. The nominal value of an alternating current is the ↑RMS value. (↑alternating current quantity)

Alternating current quantity (also sinusoidal size). It is used to describe the complex ↑resistance and current components generated by the alternating current (e.g. sinusoidal). They result physically from the approximation of ↑Maxwell’s equations for slowly varying magnetic and electric fields and their application to electrical circuits including their loads.

It is common to use the terms “apparent” for complex quantities, “active” for the real part, and “reactive” for the imaginary part of the quantities (U = effective voltage, I = effective current, P = active power, Q = reactive power, R = resistance).


	Active voltage Uw is the component of the alternating voltage U as a function of the operating phase shift φ between current and voltage at a resistive load: Uw = P / I


	Active current Iw defines the electrical work if the current and voltage are in phase: Iw = P / U


	Reactive current Ib defines the part of the current that is not available for electrical work. In the case of capacitive reactive current, the current leads the voltage by 90°; in the case of inductive reactive current, the current lags the voltage by 90°: Ib = Q / U


	Reactive voltage Ub = Q / I


	Impedance Z (also called complex alternating or apparent resistance), which is the sum of all resistances that oppose a time-varying energy transport and is composed of the resistance and the reactance. The resistance consumes active power, although it is not converted, because the energy supplied by the generator to the load is returned to the generator. This reactive power loads the lines. Impedance is the ratio of the effective value of the voltage U to the effective value of the current Ieff in a network: Z = U / I


	Resistance R (also called active resistance), is the real part of the complex impedance, has the same effect as in a DC circuit and heats up the lines. Current and voltage are in phase. Unlike ohmic resistance, it is frequency dependent. It is calculated from the ↑RMS values of the alternating voltage and current according to ↑Ohm’s law: R = P / I2 (↑electric flux density).


	Reactance X (also reactive or apparent resistance), is generally composed of inductance and condensance and is the imaginary part of its impedance as a real value, which can also take negative values: X = Q / I2


	Inductance XL, inductive reactance where lags the voltage by 90° and whose value increases with frequency (XL = Ψ / I). It does not generate heat (↑Joule’s law).


	Condensance XC, capacitive reactance where the current leads the voltage by 90° and whose value decreases with increasing frequency. In contrast to the DC circuit, where a capacitor “breaks” the circuit, in the AC circuit it is charged and discharged according to the frequency. (XC = 1 / 2πfC)


	Admittance Y (also called complex apparent conductance), the reciprocal of impedance, which is made up of conductance and susceptance: Y = I / U.


	Conductance G (also called active conductance) is the reciprocal of the resistance: G = Re(Y).


	Susceptance B (also called reactive conductance), imaginary part B = Im(Y) of the conductance.




[20]Alternating voltage. Voltage U that changes periodically in magnitude and sign. With a sinusoidal time characteristic (symbol: ~), the instantaneous value is calculated from U = U0 × sin ωt (where U0 is the peak value and ω is the angular frequency 2πf). The frequency f is expressed in ↑Hertz [Hz]. The nominal value of the alternating voltage is the ↑RMS value.

Aluminothermic reaction (thermite reaction). Highly exothermic ↑reaction (temperatures > 2000°C): 2Al + Fe2O3→ 2Fe + Al2O3. Any type of aluminum on a rusty iron surface is a potential ↑ignition source. [SE Section 4.8.6]

Aluminum powder (particles < 500 µm). Aluminum powder produced in manufacturing processes reacts very quickly with atmospheric oxygen to form a thin insulating oxide layer (↑ceramic). As a result, it can become dangerously charged in insulating or insulating-coated equipment, as well as in earthed conductive equipment. Reaction with atmospheric oxygen is an exothermic process that may result in spontaneous combustion (pyrophoric). Aluminum powder in combination with rust (Thermit®) can form a highly explosive dust cloud with a low ↑MIE. It reacts with a strong chemical reaction on impact (↑light metal). [NFPA 651], [DGUV Regel 109-001]

Amber. Fossil resin of Eocene conifers, whose “miraculous attraction” to light particles when rubbed was reported by Plato around 360 BC.W. ↑Gilbert studied and confirmed these curious effects of amber around 1600 and named the phenomenon “electrica”, derived from the Greek “elektron” for amber. The term “electricity” was later coined from this.

Ambient temperature. Temperature of the surrounding medium (e.g. air) in which an operating resource (component, device, system) is used as intended. It is part of the physical ambient and operating conditions. [IEC 60204-1]

Ammeter (current meter). Since the ↑electrostatic is a current system, measuring the current is of greater importance, but only in the dimensions < 1 μA. Thus, ↑pico-ammeters are often the basic instruments for measuring high-resistances and electric charges (↑influence electrostatic field meter as pico-ammeter).

Amorphous. Describes solids without structure, contrast: ↑crystalline.

Ampere. ↑SI unit [A] of electric current I, named after A.M. ↑Ampère. The definition of the Ampere by the Lorentz force, valid since 1948, was replaced in 2019. It is now defined by setting the numerical value 1.602176634 × 10-19 for the elementary charge e, expressed in the unit ↑Coulomb [C], which is equivalent to the ampere-second [As].

Ampère, André Marie (1775−1836). French physicist whose investigations into the relationship between electrical and magnetic phenomena (↑Ampère’s law) had a major impact on 19th century physics.

Ampère’s law. Laws empirically found by A.M. ↑Ampère on the relationship between electric current and magnetic field.

Ampere-second. Unit [As] of ↑charge Q. (↑Coulomb [C])

[21]Amplitude (Latin: amplitude, “size, width”). The largest oscillation width that the magnitude of a periodically varying process can reach, e.g. the maximum voltage of the mains voltage (↑peak value).

Analyze (Greek: analysis, “dissolution”). Dissection of a whole into its parts. Chemical analysis is often the only way to clarify the interactions of ↑antistatic agents with the material and its environment.

Anion. Negatively charged atomic or molecular particle (↑ion) that experiences a force effect toward the positive electrode in an electric field. Opposite: ↑cation

Anode. Positive electrode (e.g. in gas discharge tubes) on which the negative carrier (↑anion) is absorbed.

Anode fall. Strong voltage decay at the anode during ↑gas discharge. Its magnitude is usually > 10 V and thus the magnitude of the ionization voltage, which depends on the type of gas in which the ↑plasma is formed. The anode fall is caused by the negative space charge just before the anode and the spatial expansion is practically independent of pressure. (↑cathode fall), [Dzur, B. (2011)]

Anodized layer. A surface treatment of aluminum based on electrolytic oxidation with layer thicknesses up to 25 μm. Anodized coatings are often transparent and give the appearance of bare metal. They typically have very high surface and volume resistivity in their thin film. When using materials with this type of surface coating in equipment and system construction, care must be taken to ensure safe earthing. If not earthed, they can become charged and cause ignition sparks (↑insulation). [SE Section 7.5.18]

Antenna. A device in electrical engineering with which ↑electromagnetic radiation can be received or emitted. The design of antennas determines how sensitive and effective an antenna is in a particular direction (antenna gain) or position (polarization) (↑spark detection device, ↑gas discharge).

Anti-coincidence circuit. A circuit that provides an output pulse only if a signal occurs only at a defined input. If signals also occur at other inputs at the same time, no output pulse is passed through.

Antimisting. A form of ↑useful application in which particle droplets are selectively charged and deposited on an oppositely charged surface. (↑coating), [SE Section 8.2.11]

Antimisting agent. Chemical additive to coating materials to prevent the formation of detached, unwanted particles at high web and roll circumferential speeds.

Anti-neck-in, ↑edge zone fixation, ↑chill roll

Antistatic. This property is not defined but is used colloquially. It is used to describe the property of reducing or preventing electrostatic charges. Due to the wide variety of products, a universal definition (e.g. by electrical resistance) is not possible. Since the term antistatic is not linked to a limit value, it should not be used in safety related questions (↑astatic, ↑antistatic agents). [TRGS 727 Section 2.13]

[22]Antistatic agents. Are designed to prevent or reduce the electrostatic charge of insulating materials (↑antistatic). Antistatic agents are mainly based on the principle of ↑ionic conduction. Based on the knowledge that even a layer of water consisting of a few molecular layers on the surface of an object is sufficient to prevent unwanted or dangerous charges, ↑hydrophilic and/or surface-active substances (wetting agents) are used as antistatic agents.

Antistatic agents are expected, on the one hand, to adhere to the surface of the insulating material and, on the other hand, to form a water-attracting new surface there.

The quality of an antistatic agents is determined by how permanently they adhere to the insulating material and to what extent they succeed in binding so many water molecules even at low humidity that the surface resistivity does not exceed a value of about 1 TΩ.

Antistatic agents can be divided into those that are applied to the surface after the insulating part is finished, e.g. by spraying or dipping, and others that are mixed into the polymer before processing. The latter migrate to the surface after completion of the plastic part and only after an appropriate storage time.
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The effectiveness of admixed antistatic agents is generally more durable than that of subsequently applied ones. While all antistatic coatings will lose their effect over time due to cleaning, diffusion, etc., mixed antistatic agents can diffuse from the inside of the material to the surface. The long-term effect depends mainly on the antistatic agent supply and thus on the surface-to-volume ratio: long effectiveness with thick-walled molded parts, but only short effectiveness with thin films. In addition to changes in the mechanical properties, admixed antistatic agents can also affect optical qualities (transparency).

In principle, all surface-active substances (surfactants), including polyglycol ethers, alkyl sulphates, quaternary ammonium compounds, etc., are suitable as antistatic agents. In the case of synthetic fibers, the antistatic agents should have the highest possible washing resistance; they are therefore often added during the manufacture of the man-made fiber.

The effectiveness of antistatic agents should always be verified and monitored by measurements. The occasional practice of achieving the promised dissipation capability of a material simply by adding a certain percentage of an antistatic agent has seriously contributed to doubts about the reliability of antistatic agents. The side effects of antistatic agents, such as making lamination and printing difficult, can be eliminated by ↑corona pretreatment and ↑glossing.

	Antistatic agents in liquids. Antistatic agents in liquids. Liquids with low or moderate ↑conductivity (< 10 000 pS/m) can become charged during flow in piping, [23]stirring, pumping, filtering, or other manipulation. Sufficient conductivity for safe handling can be achieved by adding antistatic agents in the ppm-range. Antistatic agents provide ions for conductivity (↑charging).



Antistatic brush, ↑discharge brush

Apparent impedance, ↑alternating current quantity

Application. Partial or planar application of particles or coating materials, is applied using electric field forces with increasing tendency, e.g. in ↑copying processes, application of ↑pesticide, etc. (↑coating, ↑useful application)

Apron, ↑personal protective equipment

Arc. A spark transforms into an arc when a continuous current is applied (e.g. in the electrical grid). A glow appears between two ↑electrodes as a result of impact ↑ionization. The ionized gas path is conductive. The distance of the arc can be increased within limits without collapsing (↑plasma). An arc against an insulating surface usually causes a burn mark, which can be conductive and thus destroy the insulation.
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  Area limitation. Applies to surfaces of insulating objects or equipment for use in ↑Ex-zones (↑chargeability). An area limit of 100 cm2 was first mentioned in 1967 in the German Directive 4 of BG Chemie. In 2004, the German ↑Physikalisch-Technische Bundesanstalt (Federal Institute of Physics and Technology) published studies on this subject, which show the relationship between area and transferable charge. According to this, the area limitation has also been scientifically proven. For example, for ↑RIBC it was found that an area surrounded by a metal frame can be increased by a factor of 4.



The area limitation is summarized in [TRGS 727 Section 3.2] in the currently valid table. It should be noted that for curved surfaces their projection is used.










	Zone

	Surface area [cm2] in explosion groups





	IIA


	IIB


	IIC





	0



	50


	25


	4





	1



	100


	100


	20





	2



	Action required is only if experience has shown that ignitable discharges occur.




	Zone



	Width or diameter [cm] in explosion groups





	IIA


	IIB


	IIC





	0



	0.3


	0.3


	0.1





	1



	3.0


	3.0


	2.0





	2



	Action required is only if experience has shown that incentive discharges occur.







[IEC 60079-0], [Pidoll, U. v. et al. (2004)], {Appendix D}
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  [24]Armature (also fitting), (Latin: armare, “to equip”). Component used to change and direct the flow of material (↑valve). If it is lined up on the inside with insulating materials (e.g. PTFE), it can be dangerously charged by the media flowing through it. In a closed system, it can be used without danger, but incendive discharges to the outside are possible (↑spark discharge, ↑gas discharge). Other conductive fittings must not be installed insulated in ↑Ex-areas (↑Ex-zone) because the liquid flowing through them can charge a non-earthed component and lead to spark discharge.



The connection or end pieces of ↑hose lines are also referred to as fittings.

Arrester. Devices consisting essentially of voltage-dependent resistors (↑varistors and/or spark gaps, ↑lightning arrester and/or voltage-limiting semiconductors, ↑Zener diodes, ↑TVS diodes). They are used to protect electrical operating resources and installations against impermissibly high overvoltage, that are discharged to earth. The arresters are characterized by their response voltage and response time. Based on their surge current arresting capacity, they are divided into lightning arresters (thunderstorm lightning effects due to near strikes) and surge arresters (far strikes), switching overvoltage and electrostatic discharges.

Artificial silk. Former name for synthetic fibers obtained from cellulose (↑rayon fiber).

Aspiration condenser, ↑Ebert tube

Aspiration psychrometer, ↑humidity meter

Assessment data. Compilation of ↑assessment values and operating conditions.

Assessment value. The value of a quantity applicable to a given operating condition, generally specified by the manufacturer for an element of a group, device or operating resources. For explosion prevention purposes, classification is made into ↑equipment categories.

Association for Electrical, Electronic & Information Technologies, ↑VDE

Association of German Engineers of all disciplines (German: Verein Deutscher Ingenieure (VDI)). Founded in 1856, based in Düsseldorf. Its committees develop the VDI guidelines, which are recognized rules of technology and standards for proper technical behavior. (↑state of the art)

Astatic. Sometimes used to refer to substances used to prevent electrostatically induced interference due to ↑adhesion. The astatic additive does not improve conductivity like an antistatic agent, but only increases the distance between the charged parts. This is achieved by extremely fine particles in the nm-range, such as highly dispersed silicon oxide (↑Aerosil®) or organic powders made from corn starch, which adhere to the particle [25]surfaces. In this way, the contact areas are reduced (lower charge separation) and the distances between charged surfaces are increased (reduction of coulombic attraction forces). In this way, agglomeration in bulk solids can be avoided, flow behavior can be improved (lower ↑bulk cone), and wall adhesion can be reduced. In the case of larger charged parts, such as film sheets and the like, adhesion can also be reduced, e.g. when individual sheets or glass plates are lifted from a stack.

Asymmetric rubbing (friction). When two materials rub against each other, the surfaces rubbing against each other can be of different sizes. This results in an asymmetrical load on the friction partners, e.g. in the way a bow strokes a violin string (↑violin bow effect). [SE Section 2.6]

ATEX. Term comes from the French Atmosphères Explosibles. In EC law, the nature (ATEX 114) and use (ATEX 137) of work equipment are strictly separated. The reorganization of national law on plant and operational safety follows this separation.
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 ATEX 114(formerly ATEX 95). Directive 2014/34/EU of the European Parliament and of the Council of 26.02.2014 on the harmonization of the laws of the Member States relating to equipment and protective systems intended for use in potentially explosive atmospheres (recast). Since 21.04.2016, all equipment and devices placed on the market in the EU must comply with this directive. According to the safety requirements to be met, they are divided into equipment groups and ↑equipment categories. All equipment used in potentially explosive atmospheres must be marked with the symbol shown (color: yellow).

The purpose of ATEX 114 is to protect people who work in potentially explosive atmospheres or who may be affected by explosions. It was transposed into national law by the 11th Ordinance to the ↑ProdSG [11. ProdSV] of 06.01.2016.
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ATEX 137. Directive 1999/92/EC of the European Parliament and of the Council of 16.12.1999 on minimum requirements for improving the safety and health protection of workers potentially at risk from explosive atmospheres (15th individual Directive within the meaning of Article 16(1) of Directive 89/391/EECIt sets out minimum requirements for improving the health and safety protection of workers. These essential requirements include the


	Primary ↑explosion prevention (prevention or limitation of the formation of ↑Ex-atmospheres),


	Secondary explosion prevention (prevention of effective ignition sources),


	Constructive (tertiary) explosion prevention (limiting the effects of a possible explosion to a harmless level).




ATEX 137 was implemented into national law in Germany in 2002 with the ↑BetrSichV. This also includes the obligation to apply the illustrated marking (color: yellow) to areas where explosive atmospheres may occur.

(↑Federal Institute for Occupational Safety and Health (German: BAuA))



	ATEX borderline cases. Lists products for which it is initially unclear whether they fall within the scope of the ATEX 114 directive (current version November 2022). [26]Example: ↑earth clamp (ground clamp) for earthing. In this case, it must be assessed on a case-by-case basis whether the design of the equipment contains potential ignition sources (e.g. a steel spring). The list does not replace the risk assessment of each product. In addition, ignition sources and explosion hazards associated with the use of all products must always be considered.


	ATEX guidelines. Provide a manual to facilitate the application of ATEX 114. They have been prepared by the European Commission in cooperation with the Member States, the European Standards Bodies and the ↑Notified Bodies and are currently in their 3rd edition (May 2020).




Atmosphere. The gaseous envelope of the Earth consisting of 78.08 % nitrogen (N2), 20.95 % oxygen (O2), 0.93 % argon (Ar) and trace gases, including 0.04 % carbon dioxide (CO2). A change in the oxygen content of the atmosphere results in an increase or decrease in a fire or ↑explosion hazard (↑explosion prevention, primary, ↑limiting oxygen concentration). (↑barometric pressure)

Atmospheric condition


	Term used in test engineering to indicate that the test is performed under normal atmospheric pressure at sea level (1013 hPa ~ 1 bar) and normal composition of the ↑atmosphere. A rough classification is 78 % nitrogen and 21 % oxygen.


	For explosion prevention (↑ATEX), total pressures of 0.8 to 1.1 bar and mixture temperatures of –20 to + 60 °C under atmospheric conditions apply.




Atmospheric electric field, ↑field

Atmospheric electricity. A generic term for all natural electrical phenomena in the Earth’s atmosphere. Charge carriers (↑ion) are constantly generated in the Earth’s atmosphere by the influence of radioactive radiation, short-wave solar radiation, and ↑cosmic radiation. They cause a potential distribution that results in vertical electric currents. The ↑ionization of the upper layers of the atmosphere (↑ionosphere) causes a reflection of electromagnetic waves (short wave receiving).

Atmospheric potential gradient (APG). Potential gradient of the atmosphere (↑atmospheric electricity).

Atom (Greek: atomos, “indivisible, uncuttable”). Atoms cannot be further divided by chemical means, but they can be broken down into elementary particles (↑electron) by physical means. According to the atomic model developed by N. ↑Bohr (outdated, but illustrative), the atom consists of the nucleus surrounded by electrons circulating on so-called quantum orbits. The nucleus (radius ~ 10 fm (10-15 m)) is composed of positively charged protons and electrically neutral neutrons and represents almost the entire mass of the atom. In the atomic shell (radius ~ 10 pm (10-12 m)), as many negatively charged electrons orbit the nucleus as it contains ↑protons (the atom is electrically neutral). The electrons can only move around the nucleus on very specific paths corresponding to the possible energy values of the atom without exchanging energy. During the transition to lower energies, radiation quanta can be released (↑gas discharge light). Absorption or release of electrons results in a charge state of the atom, it becomes an ↑ion. (↑impulse excitation)

[27]Atomic number. Symbol Z is the number of positive elementary charges in an atomic nucleus. It is equal to the number of protons in the nucleus of the chemical element.

Atomic weight (also atomic mass). The mass of a single atom can be given in the SI unit [g] like any other mass. It is based on the carbon atom, whose nucleus consists of six protons and six neutrons. It is assigned to an atomic weight of 12. Thus, the atomic weight unit is 1/12 of the mass of the C-12 atom, which is 1.7 × 10-24 g.
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  Atomization (electrical).This term, which is not correct for nuclear physics, refers to the bursting of liquid droplets under the influence of an electric field. For the process itself, it is irrelevant whether the charging occurs by ↑influence or by ↑frictional charging. The figure shows a droplet floating in an electrostatic field. The mutual repulsive force based on the like charge inside the droplet causes expansion, which eventually overcomes the cohesion due to surface tension; the droplet becomes unstable and bursts (↑Rayleigh limit). The positively charged aerosols resulting from the bursting of the drop follow the field lines, in this case to the nearest earthed object. Applications of the principle: ↑coating, ↑remoistening, distribution of ↑pesticides, hair dryer with ionization pin, etc.



Aurora borealis / Aurora australis. Luminous phenomenon caused by solar protuberances, in which high-energy cosmic radiation (↑corpuscular rays) ionizes the nitrogen and oxygen atoms of the Earth’s atmosphere. It occurs primarily in the polar regions of the Northern Hemisphere (aurora borealis) and Southern Hemisphere (aurora australis) because the corpuscular rays are deflected toward the poles by the geomagnetic field.

Auxiliary circuit, ↑electric circuit

Avalanche effect. Describes the rapid increase in charge carriers (↑ion) in the event of an impact ↑ionization (↑gas discharge) and in ↑Zener diodes.

Avivage (French: aviver, “to enliven”). Mainly process-enhancing finishing of yarns and fabrics, e.g. after a washing process, in which avivage (they are sometimes also counted among the refinements) is added. In the case of yarns, the aim is to improve the spooling capability (smoothing substances). Avivage improves the handle and color brilliance of fabrics, and antistatic properties can also be achieved. Avivages can contain fatty acids, derivatives, silicone oils, quaternary ammonium compounds (↑antistatic agents) and phyllosilicates. Avivage agents can also be applied as fabric softeners in a softening cycle following the washing process, or the avivage active ingredients can be added directly to the detergent.

Avogadro’s number. Since 2019 defines the unit of measurement ↑”mole” and indicates how many molecules of a chemical compound or atoms of an element are contained in one mole. The dimensionless value of the Avogadro’s number is NA = 6.02214076 × 10-23 mol-1 (↑Loschmidt’s number).



[28]B


Back-spraying. Sets in under ↑atmospheric conditions when the ↑surface charge density exceeds the maximum value of 26 μC/m2 (↑St. Elmo’s fire, ↑corona discharge). This causes, among other things:


	Reduction in charging during separation processes


	Deterioration of the separation effect during gas purification (↑separation of substances)


	“Cratering” during powder ↑coating and flocking




{Appendix M.3.2}

Bag. Powdery substances must not be transferred from rechargeable bags into containers already containing flammable liquids. Transfer must be through a sluice into the inert container and personnel must be earthed. Double flap systems, screw conveyors and so-called ↑PTS, which do not neutralize the ↑inerting in the receiving container, have proven to be effective airlocks in practice. Rechargeable bags may only be used if the point of entry is assigned to Zone 2. [TRGS 727 Section 6.3]

Bag filters. They are used to separate dust from air and usually consist of textile bags that are exposed to raw gas (dust-laden air) on the outside. Regular shaking or blowing transports the separated dust into a collection container (↑filter). If combustible dust is to be separated, the bag filters must be designed with discharge capability and must be checked regularly. [TRGS 727 Section 6.5]

Bakelite. Synthetic resin molding material, invention of the Belgian chemist Baekeland (1907), produced by polycondensation of phenol and formaldehyde. Bakelite is considered to have electrostatic dissipation capability (↑surface resistance).

Ball lightning. Often described as a ball at the end of a ↑thunderstorm lightning that moves in undefined trajectories and disappears with or without a bang. A clear scientific explanation has not yet been found.

Ballo electricity. Occurrence of negative electric charges when water droplets burst (waterfall electricity, ↑Lenard effect, ↑Rayleigh limit).

Ballooning. Spiders are able to detect the Earth’s electrostatic ↑field, which causes stimulation to produce sufficient quantities and long spider threads. It can thus use the potential difference in the Earth’s field to take off and travel by the field alone or in addition to air movement. [Morley, E.L., Robert, D. (2018)]

BAM, short for German: Bundesanstalt für Materialforschung und Materialprüfung (↑Federal Institute for Materials Research and Testing)

Banana roller. A special form of spreader roll (guide roller) for the wrinkle-free transport of webs through a production line. The special geometric conditions cause different [29]charges on the surfaces of the web. (↑web tension profile, ↑Lewis’s acid-base concept), [SE Section 2.14.1.1]
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Band gap, ↑forbidden band, ↑band model

Band model. According to the model of the ↑atom proposed by N. ↑Bohr, ↑electrons move on fixed orbits around the nucleus. Each orbit can be assigned a discrete energy. In solids, atoms are so close together that each electron is affected not only by its own nucleus but also by other nuclei (↑electron conduction). The discrete energy levels are replaced by many sublevels with very small distances. The set of sublevels appears in solids as a quasi-continuous energy band. In the band model, the energy values on the Y-axis (E) are plotted against a spatial coordinate on the X-axis (Cartesian coordinates).

For ↑semiconductors and nonmetals, the energy states are described by the ↑conduction and ↑valence bands separated by a ↑forbidden band (energy band gap). According to classical physics, the probability that a charged particle can enter such a zone is zero. Exceptions occur due to the ↑tunnel effect.
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Bandwidth


	Bandwidth of measuring systems. Frequency range in which input signals of measuring instruments are evaluated. In the case of electrostatic measurements (small signals in high-impedance measuring circuits), care must be taken to ensure that there is sufficient distance between the interference range and the input range of the measuring instrument. This is important, for example, when non-contact bulk quantities (↑mass flow rate) of electrostatically charged particles are to be recorded with the aid of an influence measurement probe.


	Bandwidth of signal systems. Frequency range within which the technical arrangement fulfills its required function, e.g. the frequency range of a cable within which signals can be transmitted with a given maximum power loss or the frequency range of [30]an amplifier within which it can generate signals with a given amplification ratio to the input signal or with a given output power.




Bar electrode, ↑measuring electrode for solids no. 17

Barium oxide. Base material for ceramic insulators. Barium oxide is added to ceramic bodies as barite, witherite, or chemically produced carbonate.

Barium titanate. ↑Dielectric for ↑capacitors based on titanium dioxide mixed with barium oxide. Barium titanate is made by reacting barium carbonate with titanium dioxide. As a dielectric, barium titanate is particularly valued for its high permittivity of εr ≈ 1200–3000 (depending on the ↑field strength) and high dielectric strength of Ed ≈ 50 kV/mm. It is also used to make ↑electrets.

Barometric pressure. The pressure exerted by the Earth’s ↑atmosphere. The mean atmospheric pressure at sea level is:

1013.25 ↑Pascal = 1013 hPa = 1013 mbar


	In compressed air technology, the unit [bar] is often used, although it is not an SI unit (1 bar = 100 kPa).


	In vacuum technology the unit [mPa] is used.


	The Anglo-American system of measurement uses the unit [PSI] (pounds per square inch). 1 PSI is equal to the pressure exerted by a force of one pound (1 lb ≈ 4.44822 N) on an area of one square inch (1 in2 ≈ 6.4516 cm2) so 1 PSI ≈ 6894.76 Pa.




Other pressure units that can still be found in some cases, but are no longer allowed, are:


	
Torr: 1 Torr = 1 mmHg (mercury column) = approx. 133.3 Pa = 4/3 mbar

1 Torr is the pressure exerted by a column of mercury (diameter 1 cm2) at a temperature of 0 °C and a height of 1 mm at the base of the column.



	Technical atmosphere (at) = 1 kp/cm2 = approx. 98066.5 Pa


	Physical atmosphere (atm) = 760 Torr = 101325 Pa = 1013.25 hPa




Barrel. Cylindrical packaging made of metal, cardboard, plastic or plywood, used as a transport and storage container for solid ↑bulk materials or liquids (↑container filling, ↑packaging means, ↑reconditioning).

Basic insulation, ↑insulation

Basic unit, ↑SI unit

Battery. Originally a military term used by B. ↑Franklin for the serial connection of ↑Leiden jars. In electrical engineering, a battery is the interconnection of several devices of the same type (e.g. ↑accumulator, ↑capacitor, ↑primary cell).

BAuA, short for German: Bundesanstalt für Arbeitsschutz und Arbeitsmedizin (↑Federal Institute for Occupational Safety and Health)

Becquerel, Henri (1852–1908). French physicist, in 1896, while studying the phosphorescence of uranium minerals, found a previously unknown radiation emanating from [31]uranium. For this discovery of natural radioactivity, he was awarded the Nobel Prize for Physics in 1903, together with P. and M. ↑Curie.

Becquerel. Unit [Bq], named after H. ↑Becquerel, replaces the former unit ↑curie [C]. The activity of a radionuclide is 1 Bq if 1 atomic nucleus of the amount present decays per second.

Belt, ↑transmission belt

Belt electricity. A widespread form of static electricity at the time of transmission drives (↑transmission belt). Discharge phenomena such as ↑brush, ↑spark and ↑propagating brush discharges have been observed in manufacturing facilities that were often poorly lit in the past and where power was transmitted from a drive machine to several work machines via drive belts. Explosion events in the chemical industry have often been attributed to belt electricity. [TRGS 727 Section 3.5]

In GDR law [DDR-Gesetzblatt 148 (1952)] it was formulated: To reduce hazards, drive belts “may only be sewn, glued or held together by non-sparking belt fasteners. Belts and pulleys must be free of belt electricity. Protective measures against the generation of belt electricity: a) Avoid drive belts with direct motor drive; b) Use non-sparking belts; c) Make non-conductive belts conductive (e.g., by weekly coating of leather belts with a glycerine-water or glycerine-alcohol solution in a 1:1 composition).”

Bessel, Friedrich Wilhelm (1784–1846). German astronomer and mathematician laid the foundations for astrometry.

Bessel’s function. A solution found by F.W. ↑Bessel by series development in the integration of cylindrical functions. This can be used to solve some electrical engineering problems, such as current displacement in wires (↑skin effect).

Beta radiation. Particle radiation resulting from radioactive decay, releasing predominantly high-energy electrons, e.g. 18 keV (↑electronvolt) for tritium with a half-life of 12.3 years. Beta radiation is already absorbed by thin layers (e.g. 2 mm of plastic or 1 mm of aluminum).

Betatron. In a betatron, electrons are accelerated to high energies in a ring-shaped vacuum tube by electromagnetic induction (transformer principle). The circulating electrons are kept on the ring orbit by appropriate magnetic field arrangements. This high-energy electron radiation can be used to generate extremely high charge densities in insulating materials, up to the point of electric ↑breakdown (↑dendrites).

BetrSichV, short for German: Betriebssicherheitsverordnung (Operational Safety Regulation). The German Industrial Safety Regulation is the implementation of ATEX 137 into German law. The regulations for the BetrSichV (last amendment 05.2019) are the Technical Rules for Industrial Safety (German: TRBS). These form the instructions for the measures specified in the BetrSichV. If the TRBS are complied with, the user can assume that he has done everything to avoid accidents. Various TRBS have been further developed into Technical Rules for Hazardous Substances (German: TRGS) and assigned to the ↑GefStoffV (e.g. TRBS 2153 to [TRGS 727]).

[32]Beyling, Carl (1872–1938). German mining inspector developed the basis for firedamp and explosion prevention in 1912 with his experiments on the firedamp proofness of specially protected electric motors and apparatus in coal mining.

Bifilar (Latin: bis, “double”, filum, “wire”). Two-threaded, two-wire, e.g. in one winding (↑bifilar coiling).

Bifilar coiling. Type of coiling, e.g. of resistance wires, to reduce ↑self-induction. For this purpose, the wire is bent in half and the two halves are wound as a parallel double wire, insulated from each other. Since the same current flows through the adjacent wires, but in opposite directions, the magnetic fields generated in the forward and return conductors cancel each other out. The inductances of the two conductors also cancel each other out, but the capacitance of the system increases.

Big Bag. Slang term for flexible intermediate bulk container, ↑FIBC.

Biogas facility. Due to its composition, biogas contain a high proportion of methane and other gases (e.g. hydrogen) in addition to carbon dioxide. Therefore, safety measures to prevent electrostatic ignition hazards are required for ↑explosion group IIA. [TRGS 727 Section 3.2.1]

Biological effects of electric fields. They are to be assessed according to [EU 2013/35]. No health limits have yet been agreed for DC electric and magnetic fields, as no hazards have yet been identified (natural ↑field, ↑primeval code).

Bipolar charge, ↑bipolar charge layer, ↑excess charge, ↑charge double layer

Bipolar charge layer, also known as double layer charge. A phenomenon in which opposite-pole electrostatic ↑charges are present mainly on plastic films with very low conductivity (↑charge double layer). By applying charges of opposite sign to both sides of a thin insulating film, e.g. by corona charging (↑useful application), a bipolar charge layer can be formed. The strong electric field of the charged film surface acts only between the top and bottom of the film, i.e. the ↑Coulomb force acts in the film thickness, so that no electric field is effective to the outside. Therefore, the potential of a charge with a ↑EFM is usually not measurable, and ↑ionizers have no effect. The amount of ↑surface charge density is limited only by the ↑breakdown voltage of the film. Thus, much higher amounts of charge can be stored than in a monopolar film (↑excess charge). Depending on the conductivity of the film, this state lasts for a very long time. The thinner and more resistive the film is, the harder it is to discharge. Bipolar charge layers are a prerequisite for the development of ↑propagating brush discharges. It cannot be compared to an ↑electret.
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[33]Bipolar charge layers lead to significant problems in film processing. Only the systematic use of ↑charging electrodes can create the possibility of eliminating them with ionizers by strongly disturbing the bipolar charge layer from the outside (↑coercive field strength). When unwinding and rewinding films with bipolar charge layer, additional conditions resulting from mechanical ↑charge accumulation and maximum charge coverage (propagating brush discharge, ↑super brush discharge) must be considered. [IEC/TR 61340-1], [SE Sections 4.2.3.1 and 5.4.1.3]
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 A bipolar charge layer can be visualized as an ↑equivalent circuit from which the ↑relaxation time can be calculated via the capacitance (plate/plate) in combination with the permittivity ε of the material. Here, the top and bottom surfaces, each with full charge coverage, are to be considered as plates. {Appendix M.1, M.6.3.1 and M.6.4.1}
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  Metrological verification of a symmetrical bipolar charge layer is possible by using two ↑influence electrostatic field meters in combination with the voltage probe and the use of two identical contact plates.




	
When a bipolar charge layer is shorted, a high-energy propagating brush discharge is generated. This generates sufficient high energy to ignite dust. This can be well illustrated in an experiment if the film has been previously dusted with ↑lycopodium, for example. The shock wave generated during the discharge causes the dust to be disturbed and immediately ignited. (↑excess charge), [SE Sections 5.4.1 and 6.9.7.2]
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[34]Blizzard (winter thunderstorm). Sometimes lightning discharges can also be observed during heavy snowstorms. Again, friction and separation processes are likely to be the cause of the charge.

Blocking. ↑Useful application for stabilizing and fixing multiple layers of paper, film or wood fiber board into a block that only needs to remain stable until, for example, automatic palletizing or packaging is complete: The electric charge is applied to the product stack by a ↑charging electrode or a chargeable metal plate with or without contact pressure against an earth potential. As a result of the ↑charge displacement, the products stick together (↑Coulomb force), provided that the charge cannot dissipate over the required time (↑dissipation capability). The use of high-voltage generators of opposite polarity may be useful to improve the holding forces. [SE Section 8.2]
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Blow air. The combination of blow air and ionizers is successfully used in many places in industry for discharging and cleaning surfaces. A cleaning system must perform two tasks:


	Eliminate static from the surface


	Elimination and removal of adherent particles




Blow-out pipe. Pipe through which burning gases or dust released when an ↑explosion pressure relief is triggered are safely vented. If large quantities of particles are whirled up (e.g. rust or deposited dust), electrostatic charges must be expected, which can lead to ignition, e.g. if the explosion pressure relief is triggered incorrectly (↑quench tube).

Body current. Electric current through living beings (↑electric shock, ↑danger of electric shock). A “dangerous body current” usually causes a pathophysiological effect. In the case of electrostatic discharges, the potential for direct harm is generally low because these discharges are a one-time event. However, the secondary accidents and effects are often serious (startle reaction, strong muscle contraction up to bone fracture, etc.). [BS IEC 60479-2]

Body of electrical equipment. Accessible, conductive part of electrical equipment that is normally not live but can become live in the event of a fault if the basic insulation fails. [IEC 60050]

[35]Body short circuit. Conductive connection between living beings and active parts of electrical equipment caused by a fault. The body short circuit can cause an electric shock to the user.

Bohr, Niels (1885–1962). Danish physicist, he established the atomic model named after him in 1913 by introducing his quantum conditions, following the ideas of Rutherford.

Bohr’s atomic model, ↑atom

Borderline list, ↑ATEX borderline cases

Braking beams, ↑X-rays

Braun’s tube, ↑electron-beam tube

Breakdown (electric). Occurs spontaneously when the ↑breakdown voltage is exceeded. Regardless of the medium, electrical energy is always converted to heat, causing damage. The mechanisms are as follows.


	Solid material: Individual conduction electrons, which are always present, are accelerated by a high electric ↑field strength to such an extent that they release a large number of charge carriers by impact ionization in times < 1 μs, heat the dielectric and finally cause a breakdown channel by partial stress cracks, melting or carbonization. (↑dendrites) The result is perforation of the object (leakage). The test is performed according to [IEC 60243-1 and 60243-2].


	Liquid: Hydrodynamic effects can deform the electric field between the electrodes, gas bubbles and/or contaminants, as well as overheating due to turbulent ion movement (ion avalanche), which leads to fragmentation of the liquid molecules and ultimately causes a breakdown channel. This creates molecular clusters that lead to impurities (e.g. oil charring). The test is performed according to [IEC 60156].


	Gas: ↑gas discharge




Breakdown field strength (dielectric field strength). A term generally used for gaseous, liquid, and solid insulators, preferably for solids. It is directly related to the ↑surface charge density. The breakdown field strength can also be used to measure high voltages using a ↑spherical spark gap. The breakdown field strength of air in a homogeneous field and under atmospheric conditions can be calculated: E = σ/ε0 ≈ 3 MV/m (surface charge density σmax = 26 μC/m2; ↑permittivity ε0 = 1)

The breakdown field strength depends on the gas pressure at which it occurs. (↑Paschen’s law), {Appendix M.3.3}

Breakdown resistance. Resistance at which the resistance can breakdown significantly (> 50 %) after continuously increasing measuring voltage and equally continuous measuring. In such measurements, the resistance to breakdown, the resistance after breakdown, and the voltage at the time of breakdown must be recorded. The breakdown resistance is used, among other things, to detect the ↑shell effect (↑tera-ohmmeter). [SE Section 3]

Breakdown strength, ↑electric strength

[36]Breakdown voltage. Voltage value at which the number of newly created charge carriers in an insulating medium (solid, liquid, gas) on a discharge path has become so high that a significant current flow occurs. When the breakdown voltage is reached, the insulating material loses its insulating properties. The breakdown voltage is not a specific material property. It depends on the thickness of the sample, the shape of the test voltage curve, the rate of voltage rise, the duration of voltage exposure, ambient temperature, barometric pressure, relative humidity, and sample condition. The measurement result can also depend on the electrical and thermal properties of the medium surrounding the sample and on gas inclusions in the sample (↑breakdown resistance, ↑breakdown).

	Breakdown voltage in semiconductors or breakthrough. Characterizes a rapid increase in current, i.e. in this range a small change in voltage causes a large change in current (↑Zener diode). In the field of electrostatics, the term breakthrough is mainly used for faults in electronic components caused by electrostatic charging. (↑ESD)
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  Bridge network (also bridge connection, bridge circuit). It is based in principle on the parallel connection of two voltage dividers consisting of the resistors R1 and R2 resp. R3 and R4, whose partial voltages are compared via a zero instrument. If the bridge voltage U becomes zero (zero method), the following setting condition applies to the bridge circuit: R1 / R2 = R3 / R4. When the bridge network is operated with an AC source, apparent impedances can also be measured. In the field of electrostatics, bridge networks are rarely used for ↑resistance measurements, because measuring methods based on the voltage/current principle using ↑pico-ammeters are easier to implement for the range of about 1 kΩ to 1 PΩ to be measured. The lower accuracy compared to a bridge network is irrelevant for electrostatics. (↑capacitance measurement)



Common bridge networks are the ↑Schering, ↑Thomson, ↑Wheatstone, and ↑Wien bridges.

Brønsted, Johannes Nicolaus (1879–1947). Danish physicist and chemist, best known for his acid-base theory, which he published at the same time in 1923, independently of T.M. ↑Lowry. (↑Lewis’s acid-base concept)

Brønsted-Lowry definition. J.N. ↑Brønsted and T.M. ↑Lowry independently described an acid as a proton donor (a particle that can donate protons) and a base as a proton acceptor (a particle that can accept protons) in 1923. Any reaction of one partner as an acid necessarily requires the presence of a second partner as a base to which the acid can transfer its protons. The Brønsted-Lowry definition can possibly be used to explain the indeterminable charging of ↑material webs, because the electrostatic ↑charging takes place in the nm-range, where the impurities present on the material partners interact with environmental influences. (↑Lewis’s acid-base concept)

Brownian molecular motion. Irregular motion of tiny particles suspended in a liquid or gas, discovered 1828 by the British botanist R. Brown (1773–1858). It is based on the thermal motion of gas or liquid molecules (thermodynamics), in which the particles are [37]constantly subjected to irregular collisions. Brownian molecular motion is responsible, among other things, for the ↑charging of liquids.

Brush discharge. ↑Gas discharge to the nearest conductive earthed object or insulated conductive object of much higher capacitance, where the formation mechanism is similar to that of ↑corona discharge. However, it originates from electrodes with larger radii (> 1 mm) and therefore requires a higher potential for its initiation. The charged insulating material has only a small amount of energy in the brush discharge region and, after initial plasma confinement, is used up for this purpose as a result of energy consumption during gas compression (Figure 1).
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Therefore, the brush discharge breaks off from the earthed electrode shortly after its start, leaving a plasma channel (↑leader) for only a short distance (Figure 2, diagram).
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 If the charge is replenished, e.g. by the passage of a charged material web, the process can be repeated and new brush discharges occur continuously, the discharge traces of which can be seen on a color film material (see photo). (visible ↑charge distribution)



Buckyballs (after R. Buckminster-Fuller), ↑carbon

Building lightning protection, ↑lightning protection

Bulk cone. Formed when fine-grained solids fall down (sedimentation), characterizes their flowability (↑bulk cone height) and is characterized by its angle of repose.

Bulk cone height. A measure of the flowability of fine-grained bulk materials. The material to be tested is poured onto a vertical metal cylinder (diameter 50 mm) through a mesh mounted above it. Since the diameter of the bulk cone is constant, the bulk cone height is a direct measure of flowability. A cone height of < 20 mm is considered very good, while > 60 mm is considered unsatisfactory.

[38]Bulk container. Must be earthed to prevent electrostatic hazards during ↑container filling and emptying, but not during transport. Bulk containers include ↑FIBCs or ↑hobbocks made of conductive materials or containers with built-in conductive materials.

Bulk material. A general term for particulate solids ranging in size from fine ↑dust, semolina and ↑granules to chips. Flammability (↑MIE) increases as particle size decreases. Bulk materials are divided into three groups according to their ↑resistivity:








	Low

	ρB ≤ 106 Ωm




	Medium

	ρB > 106 Ωm to ≤ 1010 Ωm




	High

	ρB > 1010 Ωm







When handling bulk material, electrostatic ↑charging must always be expected (↑explosion prevention, ↑explosion-related parameters, ↑measuring electrode, ↑sieve analysis, ↑resistance measurement). [TRGS 727]

Bulk material charging, ↑charging

Bulk material discharge. Bulk materials generally have a high electrical resistance, which means that only a small amount of discharge is possible via intrinsic conductivity. Instead, the ↑charge is transferred to a vessel wall via gas ions, for example (↑charge transfer). Bulk solids with a resistivity < 106 Ωm, which can become charged during transport, e.g. in insulating pipes or hoses, are to be considered as insulated, unearthed conductive objects, since they can cause a ↑spark discharge (↑earthing). Therefore, their possible charge during filling must be dissipated by one or more earthed metal bars. The use of ↑FIBC-C type as an earthing measure is not sufficient, since a breakdown voltage of ≤ 6 kV is allowed for this type, so that ignition-effective spark discharges can occur. (↑cone discharge), [TRGS 727 Section 6.6], [Glor, M. et al. (1989)]

Burst (old English: berstan). When a contact is opened in an inductive circuit, self-induction can produce such high voltages that multiple ↑arcs, called bursts, occur (↑transient). Bursts are always expected in electrical power systems, so all electrical and electronic equipment must be designed to withstand them up to a certain voltage level. The burst generators used for testing deliver single pulses (rise time about 5 ns, duration about 50 ns) and are measured against a 50 Ω resistor. The burst can be adjusted in voltage level and repetition frequency of the pulses, as well as their duration and pauses. [IEC 61000-4-4]

Bushing. An insulating device that guides one or more electrical conductors through an inner or outer wall of a housing. [IEC 60079-0]



[39]C


Cable (electrical). Electrical energy transport path. A “fixed cable” is attached to a base in such a way that its position does not change. A “moving cable” is connected at both ends but can move between its connection points. (↑electrical disturbance), [IEC 60228]

Cables usually consist of an insulating sheath and a metallic core (mainly copper), which should have as low a resistance as possible.

For electrostatic applications, particularly in the field of ↑coating (powder coating, wet painting, high-speed rotary atomization, etc.), cables with a conductive plastic core have proved to be an effective solution for supplying high voltage to the application equipment. The reason for this is the possibility of short circuits in such applications. If cables with a copper core are used, a short circuit can cause a current spike in the device (Figure 1).
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When so-called “damped” high voltage cables are used, the internal resistance (typically between 40 and 200 kΩ/m) reduces the current spike at the high voltage generator to less than 1 %. (Figure 2)


[image: 2 m damped HV-cable (plastic conductor), charging voltage: 20 kV, maximum current peak: 140 mA, discharge time: 300 µS (Source: www.schnier-elektrostatik.de)]2 m damped HV-cable (plastic conductor), charging voltage: 20 kV, maximum current peak: 140 mA, discharge time: 300 µS (Source: www.schnier-elektrostatik.de)





Cable charging. ↑Electrical disturbance that must always be considered. Special cables should be used for electrostatic measurements (resistance < 1012 Ω, current < 10-12 A); if [40]these are placed on an earthed object, the result may be falsified (↑measurement error). With an earthed base, additional capacitance, and possibly reduced insulation ↑resistance to earth will falsify measurements (noise effect).

Caution: Cable drums of shielded high-voltage cables that are not short-circuited may have stored residual charges due to their high-voltage test. Residual charge is also to be expected if the cable core was powdered with electrostatic support during manufacture (↑useful application).

Cable cross section. Particularly in the case of electrostatic earthing the appropriate cable cross-section must be selected if mechanical and corrosive stresses are to be expected. A permanent leakage resistance of RE < 106 Ω must be guaranteed. [TRGS 727 Sections 8.3 and 8.5]

Cable designation. Contained in [DIN VDE 0292] as a system for type abbreviations for insulated cables and generally follows the following sequence: marking of the intended use / rated voltage / insulating material / structural elements / sheath material / special features in the structure / conductor type / number of cores / protective conductor / nominal conductor cross-section in [mm2].

Cable system. The entirety of cables, conductors, and bus bars as well as their fastening elements and their mechanical protection.

CAFE system. Describes a measurement method according to [ANSI/ESD STM15.1]. CAFE stands for:


	Charging: Can the material be charged by friction, motion or other ways?


	Attenuation: How is the relaxation time?


	Field: Measurement of the E-field at the sample.


	Energy: How much charge can be released?




Calender. Machine with mostly stacked sometimes individually driven rolls for processing textiles, paper, and plastic films (finishing process). The large area of contact between the rolls generates high charges, especially on webs with high resistance, which can lead to significant defects if not sufficiently dissipated during rewinding (↑super brush discharge).

Calibration (Greek: kalon, “block of wood”. This was drawn through clay tubes before firing to achieve their internal dimensional accuracy (caliber).). For accurate measurements, the ↑measurement technology must be calibrated regularly, whereby the comparison is made with reference to the same unit, e.g. calibration of a ↑voltmeter considering its tolerance with a voltage standard confirmed by ↑verification.

Calibration uncertainty. Always to be stated when specifying measurement results (↑measurement accuracy).

Calming section. Cross-sectional enlargement is installed in pipelines for chargeable liquids (e.g. mineral oil products), to reduce the flow velocity and thus also the charge of the liquids (↑dwell time, ↑charge density). [TRGS 727 Section 4]

[41]Calorie (Latin: calor, “heat”). Obsolete unit [cal] of heat (energy), replaced by ↑Joule [J] (one calorie equals 4.187 J). Originally, the water calories were used, defined as the energy required to heat 1 g of water from 14.5 °C to 15.5 °C. The thermochemical calorie was commonly used for the physiological calorific value of food. Now the unit [kJ] per 100 g is used.

Canister (Greek: kanistron, “basket woven from a tube”). Portable container for liquids. To prevent ignition hazards, canisters made of electrically insulating materials (e.g. plastic spare fuel canisters) must not exceed a volume of 5 l. [TRGS 727]

Caoutchouc


	Natural caoutchouc, latex obtained from the sap of tropical trees (e.g. hevea brasiliensis), which is coagulated either by smoking or by precipitation. The caoutchouc obtained in this way can be mixed with fillers, factices (e.g. erasers), plasticizers, resins, etc. to produce various qualities of rubber. It can be highly elastic, waterproof, electrically insulating and abrasion resistant. Caoutchouc can be made conductive, for example by incorporating carbon black (↑carbon).


	Silicone caoutchouc, organosilicon compound with high insulation values and good temperature resistance. Cables with this caoutchouc sheathing are well suited for electrostatic measurements (↑measurement error). Its electrical resistance can be adjusted over a wide range by incorporating carbon black (down to 1 Ωm) without significantly affecting its mechanical properties.


	Synthetic caoutchouc, polymers produced by chemical synthesis (↑polymerization) with rubber-elastic properties. Since they generally have a high electrical resistance, an interruption of electrostatic charge dissipation must always be expected when they are used, e.g. as elastic seals. For transport rollers in processing machines, nitrile butadiene rubber (↑NBR) and polyurethane (PU) are used as polar materials, while ethylene-propylene-diene rubber (↑EPDM) and silicone rubber are used as non-polar materials. [SE Section 2.14]
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  Capacitance (Latin: capacitas, “capacity”). Symbol C with the derived ↑SI unit ↑farad [F] or [As/V], named after M. ↑Faraday. It is the quotient of the charge on the surface of an electrical conductor and its potential (C = Q / U). There is a potential difference U between two electrically insulated metal plates separated by a certain distance, one carrying the charge +Q0 and the other the charge -Q0. The capacitance of a ↑capacitor is determined not only by its geometric dimensions, but also by the ↑dielectric, the material that fills the space between its electrodes (plates).



In electrostatics, capacitance is an important parameter because it quantifies the ability of a system to store charges {Appendix M.3} and thus energy {Appendix M.6}. Conventional wound capacitors are not suitable for ESD circuits because of their inductive resistance. Only plate or pulse capacitors consisting of interleaved tubular conductors in a liquid dielectric should be used for this purpose.

In practice, all conductive objects insulated from earth form a capacitance (↑stray capacitance), i.e. charges can be stored on them.








	[42]Reference values for some objects

	[pF]




	Single screw in plastic flange

	2




	Flange (e.g. in gas pipe)

	10




	Aluminum label (7 × 10 cm) as control impulse for web processing machines

	12




	Small metal objects (e.g. shovel, hose nozzle)

	10–12




	Bucket

	10




	Filter bag support element (insulated)

	100




	Small containers up to 50 l

	50–100




	Metal container from 200–500 l on insulated base

	50–300




	Person

	100–200




	Forklift with insulated tires

	400




	Motor vehicle with insulated tires

	600–1000




	Tank truck with insulated tires

	1000–1500




	Large plant components directly surrounded by an earthed structure

	100–1000



	The capacitance of the earth relative to space is about 0.7 mF. The earth behaves like a spherical capacitor {Appendix M.6.4.3}.






Capacitance data for (e.g. very large) capacitors must not be equated with that of ↑accumulators. For capacitors, the charge Q [C] is related to the voltage [As/V] (farad). With accumulators, on the other hand, a largely constant voltage is assumed, so that the capacitance is only specified in charge values (e.g. [Ah]).

In AC technology, the capacitance is characterized by the reactance (↑alternating current quantity).

	
Capacitance in Ex-areas: Unearthed capacitances (isolated conductor) in Ex-areas can be a source of danger. Conductive objects with a capacitance > 10 pF must be earthed. For smaller objects, the table according to [TRGS 727 Section 8.3.5] applies.












	Ex-atmosphere generated by hazardous substances in the Ex-groups



	Ex-area

	Ex-group I

	Ex-group IIA

	Ex-group IIB

	Ex-group IIC

	Ex-group III






	 

	


	


	


	


	
IIIA: combustible fluff/flock

IIIB: non-conductive dust

IIIC: metal dust, conductive dust






	
Mining

(underground)



	10 pF


	


	


	


	 




	Zone 0

	Note: flanges and bolts of glass apparatus must be earthed


	3 pF


	3 pF


	no insulated conductive objects or materials


	 




	Zone 1

	


	6 pF


	3 pF


	3 pF


	–






	Zone 2

	


	–


	–


	–


	–






	
[43]Zone 20 or 21

MIE < 10 mJ


	


	–


	–


	–


	6 pF





	
Zone 20 or 21

MIE > 10 mJ


	


	–


	–


	–


	10 pF





	Zone 22

	


	–


	–


	–


	–








Maximum allowable capacitance of ungrounded small objects, assuming no strong charge-generating processes are occurring. {Appendix D}






Capacitance measurement. In ↑Ex-areas, only small insulated conductive objects with a low ↑capacitance (1–10 pF) to earth are allowed [TRGS 727 Section 8], [IEC 60079-0]. The capacitance measurement is carried out with a ↑capacitance measuring bridge or from the time required to charge or discharge the capacitance via a defined resistance (inverse ↑Rothschild resistance measurement).

	
Measurement setup [IEC 60079-32-2]: The measuring device should be a battery-operated capacitance measuring bridge (maximum 9 V) with a measuring range of 0–100 pF and a resolution of at least 0.1 pF at a measuring frequency of 1 kHz, ideally switchable to 10 kHz (to detect ↑earth leakage resistances). Measuring cables should be as short as possible (↑measurement error).


	
A movable test object (small component) is placed on an insulated metal plate (much larger than the test object and with a resistance to earth > 10 TΩ) in such a way that the distance between the conductor to be measured and the metal plate is so small that the two do not touch (a high-resistance, charge-free film can be used for this purpose). This arrangement gives the maximum possible capacitance in practice.
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Measurement 1: The positive pole of the meter is brought to within 3–5 mm of the conductor to be measured and the stray capacitance of this arrangement is measured.

Measurement 2: The positive pole is brought into contact with the object to be measured.

The measured value results from the difference between measurement 2 and measurement 1. Due to the high measurement uncertainty for small capacitances, values below 3 pF should not be specified as a measured value, but rather as “< 3 pF”. [44]The measurement uncertainty to be aimed for should be about ± 0.5 pF for 10 pF and about ± 1 pF for 3 pF. Stray capacitances should be excluded as far as possible (measurement error). For large capacitances in the nF-range (e.g. ship), lower uncertainties in the region of ± 10 % result. If these are greater, the measurement should be discarded, and the cause sought.



	For fixed installations, the negative pole of the meter is earthed. The measuring cable at the positive pole should be as far away from the negative pole as possible. Then perform the measurement as for moving objects.







Capacitance measuring bridge. ↑Wheatstone bridge operated with AC voltage for determining the capacitance of capacitors and objects. When measurements are made with a low-frequency bridge voltage, the results correspond to a first approximation of the values effective with direct current.

Capacitive humidity sensor, ↑humidity sensor



[image: (Source: www.endress.com)]  (Source: www.endress.com)

 



  Capacitive sensor.Sensor based on changes in the electrical capacitance through deformation of the plate distance (e.g. distance sensor, load cell), through changes in the ↑dielectric or approach of an electrically conductive substance (e.g. touch screen), through changes in the effective plate area (e.g. variable capacitor) or by influencing the ↑permittivity of the dielectric (↑humidity sensor). Widely used capacitive sensors are probes for level measurement that form a ↑capacitor in combination with the conductive container wall. The surfaces and their distances are known. As the liquid rises with a previously determined permittivity ε, the capacitance changes, from which the fill level can be derived.
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  Capacitor (Latin: condensare, “to condense”). Passive device for storing electric charges. The oldest type of capacitor is the ↑Leiden jar. It consists of two conductive surfaces, insulated from each other, facing each other at a distance d, separated by a ↑dielectric. The parameter for its storage capacity is the ↑capacitance with the unit ↑farad [F] or [As]. The charge and discharge times are given by the charge and discharge ↑time constants. {Appendix M.6.3}



Capacitors are divided into different types (↑plate capacitor (Figure), coil capacitor, cylinder capacitor (Leiden jar)) and those with variable capacitance (variable capacitance capacitor, trimming capacitor, and ↑variable-capacitance diodes (voltage-influenced ↑junction capacitance)). Depending on the type of dielectric used, a distinction is made between air capacitors (↑vacuum), paper capacitors, plastic film capacitors, ceramic capacitors, electrolytic capacitors, and double layer capacitors. In electrostatics, unwound low-inductance air [45]capacitors are particularly important, as they are either present in practice as unwanted insulated conductors or are used to generate defined discharges. These capacitors can release their stored energy extremely quickly.








	–

	An ideal capacitor can release 100 % of its stored energy in a very short time. It has constant capacitance, no inductance, infinitely high insulation resistance, and the effect of the magnetic field caused by the current through the dielectric is zero. [Zastrow, D. (2004)]




	–

	Power capacitors (also known as high current capacitors) are used in high voltage and power electronics. They are usually coil capacitors, but also ceramic and vacuum capacitors. They can also be equipped with the inert gas SF6 (sulfur hexafluoride) as a dielectric. These capacitors can also return to dangerous voltages after being completely discharged or after the short-circuit has been removed. This is due to changes in charge distribution (dielectric absorption) that occur in the dielectrics. Note: They must be stored and transported short-circuited.




	•

	
Double layer capacitor. Also known as power or SuperCap® in reference to the term Helmholtz double layer (↑charge double layer). They have electrodes made of thin metal foils, for example, coated with porous carbon, wetted with electrolyte liquid, stacked, or rolled into cylinders (↑proton conduction). This structure corresponds to the conditions of a ↑propagating brush discharge. When a voltage is applied, ions of opposite polarity accumulate at the electrodes and form a region of bound charge carriers with only a few molecular layers. These capacitors can store about a million times more than conventional capacitors of similar size. In contrast to rechargeable ↑accumulators, which store energy chemically, here the charges are bound purely electrostatically (↑charge bonding). As a result, they can deliver currents of several 100 A without delay. However, their specific energy is only about 5–10 Wh/kg, which is significantly lower than that of lithium-ion accumulators, for example. On the other hand, these capacitors can store electricity efficiently and make it available again at short notice, e.g. for recovering broken energy in electrically powered vehicles. Compared to rechargeable accumulators, they have a lower self-discharge rate and achieve more than 500 000 charge and discharge cycles. With double layer capacitors, capacitances in the kF-range (up to 7 F/cm3) can currently be realized, so that capacitors can be used as an alternative to accumulators.
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	[46]Property



	Double layer capacitor



	Accumulator







	Voltage


	2.5–5 V


	1.2–4.2 V





	Energy density


	10 Wh/l


	200 Wh/l





	Power density


	10 kW/l


	0.5 kW/l





	Charging time


	Seconds


	Minutes to hours





	Service life


	> 300 000


	< 1000





	Operating temperature


	–40 to 70°C


	–20 to 60°C
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 In addition to its use in many industrial areas, an nBSC (Nano-Bio-SuperCap) with a volume of 1×10-9 l was developed, which can provide a voltage of 1.6 V for a wide range of medical applications in combination with whole blood as an electrolyte.







	•

	Rolled capacitor. Often used for small capacitors with high capacitance values, in which the metal layers are wound together with the ↑dielectric (paper or film). These capacitors have high inductance, but this is not a concern for common low and high frequency applications.




	•

	Metal paper capacitor. A widely used design in electrical engineering is characterized by the fact that after an overload (↑breakdown), the resulting short-circuit is eliminated by a “self-healing” effect. They consist of a paper tape with a thin metal layer deposited in a vacuum. This layer is much thinner than the usual aluminum foil used in coil capacitors. When the capacitor fails, for example, due to a voltage spike, the thin metal coating evaporates in a large area around the failure. As a result, the area around the breakdown point is free of metal and the layers are insulated from each other again.




	•

	Electrolytic capacitor. Capacitor whose dielectric consists of a thin oxide layer of light metal (aluminum oxide, tantalum oxide). This allows very small designs with high capacitance, especially in the low-voltage range. However, they have poor ↑capacitor quality, making them poorly suited for electrostatic measurement purposes. They are generally designed for DC operation with superimposed AC voltages and may only be used with the specified polarity.




	•

	Ceramic capacitor. Has a ceramic mass as the dielectric whose ↑permittivity lies in a wide range. The conductive surfaces are vapor deposited (usually silver) or screen printed and sintered at high temperatures. Plate, pot, and bead-tube capacitors are common in high-voltage designs. Wires or tabs soldered to the pads form the connection. The influence of moisture is minimized by design, painting, and coating materials. Features are high insulation resistance, high dielectric strength, adequate [47]capacitance constancy and low dissipation factor. The temperature coefficient can be influenced by the choice of base materials.




	•

	Tuning capacitor. With air as the dielectric, changes their ↑capacitance by changing the distance at a predetermined frequency (e.g. driven by ↑piezo mechanics or tuning fork). When a charge is applied, an alternating voltage is produced whose amplitude is determined by the level of the charge. If the measurement voltage is amplified in an integrated circuit with a phase discriminator, a signal is generated whose magnitude and sign correspond to the applied charge (↑coulometer, ↑influence electrostatic field meter). The input resistance, and therefore the drift, is determined only by the insulation values of the capacitor.






Capacitor circuit


	Parallel connection. The total capacitance is equal to the sum of the individual capacitances.


	Series connection. The total capacitance is always less than the smallest individual capacitance.




The potential at the individual capacitors is determined by their capacitances only during the dynamic phase (charge – discharge). During the static phase, the potential distribution of capacitors connected in series depends largely on their insulation resistances (↑capacitor quality), i.e. a capacitor with a low insulation resistance assumes only low potential and thus forces a higher potential on the capacitor with a high insulation resistance. {Appendix M.6.4.6}

Capacitor quality. Because a ↑dielectric is not an ideal insulator, a charged ↑capacitor equipped with it will discharge due to its internal “leakage current” even without an external circuit. Capacitor quality is specified in terms of ↑insulation resistance, or the resulting ↑time constant (insulation quality) with which a capacitor charged to nominal voltage discharges itself. For electrolytic capacitors, capacitor quality is defined as the current still required from the DC source to maintain the charge after one minute of operation at nominal voltage.

Car (automobile). All users of automobiles are familiar with the annoying ↑electrostatic discharges that occur when getting out of the car and subsequently touching conductive parts (e.g. car body, garage door). Contrary to popular belief, they are not caused by the charging of the car, but by the ↑charging of person, which occurs when clothing is removed from the car seat and cannot flow to earth quickly enough due to the high resistance of the footwear. The remaining countercharge on the vehicle is discharged to earth via the generally adequate dissipation capacity of the ↑vehicle tires, so that further measures on the vehicle (e.g. earthing straps) are unnecessary. Incorrect deployment of ↑airbags and ignition during ↑refueling are other electrostatic problems in automobiles.

The advantage of a car, besides the possibility of mobility, is that it acts as a ↑Faraday cage when closed, providing reliable ↑lightning protection.

Carbon (Latin: carboneum). Occurs as the chemical element C with atomic number 6 in many modifications and, with its compounds, forms the basis of life on earth. Pure forms [48]are the “electrically insulating” diamond, the electrically conductive graphite, and chaoite (mineral discovered in 1968). (↑CAS number)


	Graphite (Greek: gráphein, “to carve,” “to write”), hexagonally crystallizing, stable form of pure carbon with good electrical ↑conductivity. It can be used to improve the electrical conductivity of polymers (↑polymer conductor). However, about 50 % is required for dissipation capability < 106 Ω. As a result, the mechanical properties are impaired and the price is currently not attractive, so that its use is generally limited to special applications (e.g. conductive paints for the internal coating of plastic housings for ↑ESD protection).


	
Carbon black, microfine electrically conductive carbon that, when added to polymers, can reduce their electrical resistance over a wide range. It is usually produced in a closed reactor with oil and air during incomplete combustion. So-called high conductivity carbon blacks can be obtained by thermal cracking of acetylene. Depending on the type of carbon black, polymer, and processing technology, 20–45 % additives are required to achieve a significant reduction in resistivity. These concentrations significantly affect the properties of the polymer (e.g. increase in embrittlement and gas diffusion). So-called conductive carbon blacks have therefore been developed, which percolate at additions of just a few percent, forming a conductive network and reducing resistance by more than 10 dimensions (↑percolation, ↑pearl string model, ↑tempering).
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For all types of carbon black impurities, a slow increase in carbon black content leads to a sudden steep drop in resistance of many dimensions within a narrow concentration range. This is caused by the ↑particle boundary contacts that build up in interaction with a ↑tunnel effect that allows electron conductivity. The addition of carbon black can generally adversely affect the fire safety of polymers (e.g. PVC).

	
Carbon microstructures are currently known to:


	Nanotube (carbon nanotubes, CNT), microscopic tubular structures whose walls consist of carbon atoms. They have a honeycomb structure with hexagons and three bonding partners each. The diameter of the tubes is in the range of 0.5–50 nm, their length can be up to 100 mm. CNTs are not to be equated with carbon fibers. Due to their electrical conductivity and their elongated structure, they are ideally suited to make electrically conductive plastics and are thus far superior to the comparable concentration of conductive carbon blacks. Depending on the type of insulating plastic, resistance values in the kΩ-range can be achieved by adding 0.3–10 wt.% [49]CNTs (↑steel fiber addition). Note: In 2011, V. Castranova (www.cdc.gov) found that inhalation of CNTs, which resemble asbestos fibers in their needle-like structure, can also lead to malignant tumors in the lungs.
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  Fullerene (also known as buckyballs), an independent modification of plastic as a result of a closed, polyhedral molecular structure consisting of 60–90 atoms. C60 fullerene consists of 12 pentagonal and 20 hexagonal carbon rings. The preparation of these structures is complicated. Useful applications include electrostatically conductive structures in insulating polymers. They owe their name to the architect Richard Buckminster-Fuller, whose domes have a similar design. (model of a football dome).
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 Graphene (also known as two-dimensional material), lattice-like cross-linked layers consisting of only a single layer of carbon atoms. This makes it the thinnest material known. These layers are electrically and thermally conductive, yet nearly transparent, and about 100 times stronger than steel.









Carbon black, ↑carbon

Carbon brushes. They are made of industrially produced carbon fibers. They are widely used for passive surface discharge. Carbon brushes are often brought into contact with the moving material to be discharged, resulting in contamination of the brushes. Contact with the materials causes discharge, but friction and separation create new charges. In the case of contamination, all ionization may stop because no individual bristles are protruding, which should cause a ↑corona discharge. [SE Section 5.2.3.1]

Carbon dioxide (CO2), ↑inerting, ↑CO2 fire extinguishing system, ↑charging (in gases), ↑explosion accident of Bitburg

Carbon dioxide extinguisher, ↑CO2 fire extinguishing system

Carbon fiber. In the field of electrostatics, carbon fibers refer to thin conductive fibers made of carbon black or graphite that are only a few millimeters long and are not the same as “↑carbon – nanotubes”. By adding conductive particles, the electrical resistance of insulating plastics can be reduced to the point where no disruptive electrostatic charges occur. The minimum amount of additive required is determined by the formation of conductive pathways in the polymer. This threshold, also known as ↑percolation, depends not only on the size and distribution of the conductive particles, but possibly also on their ratio of diameter to length. The desired conductive network can be achieved with carbon fibers at significantly lower weight percentages than with round particles (↑metal fibers).

Carbon fiber brush, ↑discharge brush

Carnauba wax (also known as Brazilian wax or Ceara wax) (Latin: cera carnaubae). Is extracted from the leaves of the carnauba palm (Copernicia prunifera), which grows in Brazil. Carnauba wax has a melting point of 80–87 °C, depending on its purity, making it [50]relatively resistant to the effects of heat. Carnauba wax has a dipolar character, which makes it easy to polarize in the electrostatic ↑field (↑electret).

Carrier. Charge mediator (preferably magnetizable metal beads with a diameter of 30–300 μm), which in ↑xerography ensures that the toner particles are charged with the aid of ↑charge control agents and flow freely on the latent ↑charge image.

Cartesian coordinates. Rectangular coordinates, of which only the right-hand system is preferably used. The x-axis is horizontal, and the y-axis is vertical. In the case of spatial coordinates, the z-axis is added, which forms a right-handed system with the aforementioned axes when the positive direction leaves the drawing plane.

CAS number, short for Chemical Abstracts Service. The international standard for uniquely identifying chemical substances. These numbers include the currently known ↑explosion limits of flammable gases and vapors and the corresponding ↑flash points of flammable liquids (GESTIS-Stoffenmanager®, ↑Chemsafe).

Cascade connection. A series connection of similar stages is used for voltage division at high operating voltages, among other things. (↑voltage divider)

Cascade generator, ↑high-voltage cascade

Cast process. In the case of plastic films produced by the so-called cast process, the melt is fed directly from the slot die onto a cooling cylinder. During the cooling process, the film immediately begins to shrink. In order to minimize this shrinkage process, the melt is placed on the roll immediately after leaving the die and fixed either at the edge (↑edge zone fixation) or over the entire width by means of a ↑charging electrode opposite the earthed cooling cylinder. (↑useful application, ↑chill tack, ↑chill roll). [SE Section 8.2.4]
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Cat fur. Occasionally it is still used to illustrate electrostatic charging, e.g. in experimental lectures. When “rubbed” with cat fur, almost all plastics become negatively charged according to the ↑triboelectric series. (The trade in cat fur is prohibited in the EU for animal welfare reasons.)

[51]Catalyst. A substance that increases the rate of a chemical reaction without being consumed during the reaction or shifting the reaction equilibrium. Most reactions that produce high-molecular-weight substances from low-molecular-weight substances occur in the presence of catalysts.

Cataphoresis. Migration of non-dissociated liquid particles and colloids as well as insulating solid particles in the direction of current. Among other things, it is the basis for electrocoating, in which paint particles dispersed in water are deposited on metal parts (priming of vehicle bodies).

Category (Greek: kategoria, “basic statement”). According to the German ↑ProdSG, devices used in ↑Ex-areas must not cause ignition (↑ATEX, ↑equipment category, ↑equipment protection level).

Cathode. An electrode at which the potential is zero or negative and from which negative charge carriers are emitted.

Cathode fall. Strong ↑voltage drop at the cathode during ↑gas discharges. Its magnitude is usually > 10 V and thus the magnitude of the ionization voltage, which depends on the type of gas in which the ↑plasma is generated. The cathode fall is caused by positive space charge shortly in front of the cathode and is current-independent. At high currents and small cathode areas, the cathode fall begins to become current-dependent (anomalous cathode fall). The spatial expansion of the cathode fall is strongly pressure dependent. [Dzur, B. (2011)]

Cathode ray. Antiquated term for low energy ↑electron beam. Cathode rays are emitted from a cold pin at high electric field strengths (↑field emission, ↑ionization pin). They are also generated by glow emissions or when positive ions collide with the cathode of a gas discharge tube.

Cathode ray oscillograph, ↑oscilloscope

Cathode ray tube (CRT). ↑Electron-beam tube used in a display device.

Cathodic protection (CP or CCP). In contrast to passive corrosion protection, in which the surface of the object to be protected is provided with a ↑coating, cathodic protection creates an electrical circuit (↑galvanic element) in which the object to be protected is the consumer. Examples of external cathodic protection include steel pipelines, borehole piping, sheet piling, underground steel tanks, ships (↑earthing) and internal cathodic protection includes domestic boilers and heat exchangers. It is also used for the reinforcement of reinforced concrete structures (bridge foundations, parking garages, etc.). [EN ISO 12696], [EN 12954], (see figures next page)
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	Cathodic protection without external current. Generally, it protects metals that are in contact with corrosive substances (e.g. water or soil). The metals to be protected from the cathode, the anode is made of a less noble metal. Both are conductively connected to each other so that a small current can flow as a result of the redox reaction. The protection of the more noble iron with a coating of the less noble zinc is also based on this principle.


	Cathodic protection with external current feeding. The part to be protected (cathode) becomes part of an electric circuit in which the current flows from the victim anode (e.g. iron-silicon, magnetite, or titanium) to the object to be protected via a conductive electrolyte (e.g. soil). When external current is fed in from the electrical supply network, currents of 1 μA/m2 to 100 mA/m2 of protected area are required, which, depending on the size of the system, result in protective currents in the A-range that can cause ignition risks for ↑Ex-atmospheres in the event of faults. (↑ignition source)




Cation. Positively charged atomic or molecular particle (↑ion) that exerts a force toward the negative electrode in an electric field. Antagonist: ↑anion

[53]Cation-active substance. Substance that usually has a positively charged functional group and consists of a polar and a non-polar part. The polar moiety often consists of quaternary ammonium units, which are used, for example, to increase the ↑conductivity of non-conductive or low-conductive liquids. The non-polar moiety is usually formed by alkyl groups. (↑surfactants)

Cavitation luminosity (also sonoluminescence) (Latin: cavitas, “cavity”). Luminous phenomenon caused by negative pressure vapor bubbles due to extremely high flow velocities in charged liquids and in which ↑gas discharges (at reduced pressure) can already be seen far below the atmospheric breakdown field strength. This type of ↑self-discharge can be observed, for example, in high-speed stirrers in insulating liquids.

CCA, short for ↑charge control agent

CDM, short for charged device model. The CDM can be used to test the ESD sensitivity of electronic components (e.g. circuits) to electrostatic discharges. The ↑ESD-Association (ESD-A) has classified the voltage sensitivities for the CDM into the following classes:







	CDM class


	Voltage sensitivity [V]






	1


	< 125





	2


	125–250





	3


	250–500





	4


	500–1000





	5


	1000–1500





	6


	1500–2000





	7


	> 2000








The CDM replicates the condition where a charged (electronic) component or object is brought close to an earthed surface, resulting in a discharge process. In the CDM test, the test part (↑DUT) is slowly charged and then rapidly discharged for the actual test. The characteristics of the test parts are their small capacitance, inductance and resistance of the circuit, which are practically only determined by the “scatter values”. The discharge model is best by its curve, which is characterized by a very short and fast unidirectional discharge. [IEC/TR 61340-1], [IEC 61340-5-1], [ANSI/ESD S5.3.1], [IEC 60749-28]

CE mark, short for French: Conformité Européenne (European Uniformity). Mark introduced products manufactured in 1995 in the EU. With the CE mark, the manufacturer, distributor or EU authorized representative declares, in accordance with EU Regulation 765/2008, “that the product complies with the applicable requirements of the Community harmonizing legislation”. It is affixed by the manufacturer and indicates to the supervising authorities (customs) that the relevant directives have been met. CE marking has been mandatory since 1/1/1996 under the EMC Directive and since 1/1/1997 under the Low Voltage Directive. Please note: The mark is also a guideline for ↑Electromagnetic Compatibility (EMC), but not for ↑Electromagnetic Compatibility of the Environment (EMCE).

The CE mark is not a safety or quality feature in the true sense, such as the ↑GS mark, TÜV mark, etc. Nor does it mean that a test has been carried out by a neutral, expert body. [54]Since all manufacturers of certain products must affix the mark, it is also not a marketing tool. If the conformity of a product has been assessed and confirmed by a ↑notified body, the complete marking includes not only the “CE” but also the four-digit identification number assigned by the notified body.

Cell capacitance. Both the ↑capacitance and the ↑cell constant of an ↑measuring electrode can be calculated from the geometry of the electrode size, shape, and arrangement. The capacitance measurement on the empty measuring cell can also be used to calculate the cell constant by dividing the capacitance value by the field constant ε0. {Appendix M.6}

Cell constant. Measuring cells are used for ↑resistance measurements on liquids (↑measuring electrode). They are chambers in which the electrodes are highly insulated from each other and from earth. In analogy to the ↑capacitance of a ↑capacitor (↑cell capacitance), the current-carrying area and the distance between the electrodes result in a numerical value that is multiplied by the measurement result as the cell constant to determine the ↑volume resistivity [Ωm]. Dipping electrodes in the form of plate electrodes usually have a cell constant of 1 (↑capacitive sensor).

Celluloid. The first large-scale industrially produced ↑thermopolymer. It was first produced by A. Parkes (chemist in England) in 1855 by dissolving collodion wool (cellulose dinitrate, ↑nitrocellulose). J.W. Hyatt improved the process in 1869 and coined the term celluloid. The brittle collodion wool is kneaded together with e.g. camphor as a plasticizer and mainly alcohol to form a mass which, after the alcohol has evaporated, becomes a malleable mass for further processing into a wide variety of products (billiard balls, spectacle frames, office supplies, watch glass, transparent film for film production, etc.). As celluloid dries, its ↑chargeability increases and it takes on the character of an ↑explosives, which is why it has been largely replaced by other substances.

Celsius, Anders (1701–1744). Swedish astronomer introduced a temperature scale of 100 equal parts in 1742 (↑Celsius).

Celsius. Degree Celsius [°C], named after A. ↑Celsius is a very common temperature unit worldwide with a scale divided into 100 equal parts. The reference point is the freezing point at about 0 °C and the boiling point at about 100 °C of water (↑standard condition). Note that when converting ↑Kelvin [K] to [°C], 273.15 is subtracted. (↑Fahrenheit)

CENELEC, short for French: ↑Comité Européen de Normalisation Electrotechnique, the European Electrotechnical Standardization Organization.

Central conductor. Term for an earthed rod or steel cable for the safe discharge of electrostatic charges, which must always be used before filling containers (originally also called earthing lance). In the case of liquids, a central conductor is also a ↑filling pipe as defined in [TRGS 727 Section 4.4]. When handling bulk solids with a resistivity < 106 Ωm (↑bulk material discharge), one or more earthed central conductors may serve as a possible device. [TRGS 727 Section 6.2.3.2]

Centrifugal separator, ↑cyclone

[55]Ceramic. A general term for a non-metallic, inorganic, and predominantly polycrystalline product formed at room temperature and given its material properties by subsequent heating (firing/sintering). Ceramics can also be applied as powder (e.g. aluminum oxide or chromium oxide) by plasma spraying onto e.g. metals (↑coating). Special features include mechanical strength, high electrical and/or thermal resistance, and high ↑permittivity.

Ceramic capacitor, ↑capacitor

Ceramic tile, ↑floor

Čerenkov radiation, ↑Cherenkov radiation

Certificate of conformity. Confirmation of compliance with a specified standard or regulation (↑ProdSG).

Chair. In ↑ESD protected areas, chairs are also subject to charge prevention requirements: The backrest, seat, and armrests should have a surface resistance of < 10 GΩ, with a total leakage resistance across e.g. chair casters also < 10 GΩ.

Channel discharge. Similar to a ↑gas discharge, which (unlike the ↑avalanche effect) is ignited by the formation of thin channels of highly ionized gas (called plasma tubes) between the electrodes.

Channel rays. Emitted as positive ion radiation during a ↑gas discharge at a perforated ↑cathode.

Charge


	
Electric charge. Symbol Q, derived ↑SI unit [C] (↑Coulomb) or [As], named after C.A. ↑Coulomb. It describes the amount of positive or negative electricity in or on a body, which characterizes the electrical state of a body. The charge is made up of ↑elementary charges that cannot be divided. If there are equal amounts of ↑electrons (negative charge) and ↑defect electrons (positive charge), the total charge is zero.

Since charge causes an electric ↑field, which is noticeable by the force effects given by ↑Coulomb’s law, an earthed conductive body is charged in this field by ↑charge displacement.

Despite the charge separation caused by the charge displacement, the total charge remains at “zero” until the first discharge occurs. Charge can therefore be measured in terms of magnitude and sign. Charges of the same name can accumulate on a body (additive behavior, ↑charge accumulation).


	Static charge is the source of the electrostatic field.


	Moving charge generates an electric and magnetic field (↑gas discharge, ↑plasma). In a preferred direction, this represents an electric ↑current.


	Virtual charge is the ↑image charge caused by ↑influence.


	Free charge can be transferred to bodies.






	Bound charge, ↑charge bonding


	Specific charge describes the ratio of charge to mass of particles, especially in the evaluation of powdery bulk materials.


	Transferable charge, ↑charge transfer [DIN 1324-1], {Appendix M.3}




[56]Charge abduction. The process shown at ↑charge displacement leads to charge transfer if the body (K) is mobile. This is illustrated by the example of a person wearing insulating footwear, walking past a charged plastic pipe or web of material and briefly touching the earthed handrail of a banister. The unbound induced charge is discharged to earth in the resulting ↑electric shock. If the person continues walking and thus leaves the field emanating from (G), the previously bound induced charge is also released, the person is now charged with the opposite polarity and will feel a discharge again when touching an earthed object, which usually has enough energy to ignite a corresponding gas-air mixture. (↑earthing, ↑personnel charging), [SE Section 2.12.1]
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Charge accumulation. Occurs in two different ways:


	Accumulation is due to the electrostatic ↑charging of non-earthed conductive objects and liquids as well as solid or liquid insulating materials. Ignition hazards can occur when the charge limit is exceeded or if earthed objects approach (↑ignition hazard assessment). Active ↑ionizers can neutralize charge accumulations depending on the arrangement and cleaning conditions. The addition of ↑antistatic agents can increase the ↑conductivity in liquids and insulating materials and thus prevent charge accumulation during ↑earthing [TRGS 727 Sections 3 and 4].


	Charging by accumulation of charged substances, in which the repulsive and attractive ↑Coulomb forces of charged particles, substances or objects are overcome by external influences. Charge accumulation occurs when bulk material is filled into a ↑silo and by charge compression due to ↑gravity (↑cone discharge) or stacking of objects. When winding up ↑material webs, the charge is compacted by mechanical work (↑super brush discharge). If the dissipation capability of the materials is not given, the charges cannot flow off to earth fast enough even when they come into contact. The individual charges add up, the space charge density and thus the electric field strength increase sharply until the breakdown field strength of the air is reached. Discharge occurs to the nearest earthed object (e.g. silo wall) or, in the case of mechanical charging, to a person (↑personal hazard, ↑electric shock).
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