WELK | REFERENCE GUIDE

What Unit Measures the Flow
of Electrons

A practical guide to what unit measures the flow of electrons, covering the reader
intent, the relationship to what unit measures the flow of electrons, key evaluation
criteria, common risks, and the information the intended project audience should
confirm before taking the next step.
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In the realm of industrial automation and process control, understanding the
fundamental physics of electricity is essential for ensuring the accuracy and
reliability of measurement systems. For engineers and technicians working with
level measurement instrumentation, the question of what unit measures the flow
of electrons is not merely academic—it is the basis for the 4-20mA current loop,
the global standard for signal transmission in industrial environments.

The unit that measures the flow of electrons is the Ampere, often abbreviated as
the Amp (symbol: A). This article explores the scientific principles behind the
Ampere, its critical role in industrial level measurement, and how it translates
physical data into actionable information for process control systems.

The Physics of Electron Flow: Understanding the
Ampere

To understand what unit measures the flow of electrons, one must first define what
electrical current is. Electric current is the rate at which charge flows through a
cross-section of a conductor. In most industrial applications, this charge is carried
by electrons moving through copper wiring.

| The Relationship Between Charge and Time

One Ampere is defined as one Coulomb of electrical charge moving past a specific
point in one second. Mathematically, this is expressed as:

$$1 = \frac{Q}{t}$$

Where:

| is the current in Amperes (A).
Q is the charge in Coulombs (C).

t is the time in seconds (s).
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To put this into perspective regarding electron quantity, a single electron carries a
charge of approximately $-1.602 \times 10~ {-19}$ Coulombs. Therefore, a current
of one Ampere represents the movement of approximately $6.242 \times
10™{18}% electrons per second. This massive flow of subatomic particles is what
allows sensors, such as those found on the Welk Main Page, to communicate with
Programmable Logic Controllers (PLCs) and Distributed Control Systems (DCS).

| Current vs. Voltage

While the Ampere measures the flow (current), the Volt measures the potential
difference (pressure) that causes that flow. In industrial instrumentation, these two
units work together, but the flow of electrons (current) is generally preferred for
long-distance signal transmission because it is less susceptible to voltage drops
caused by the resistance of long wire runs.

The 4-20mA Standard: Current Flow in Level
Measurement

In the context of industrial level measurement, the Ampere is typically utilized in
its fractional form: the milliampere (mA), where 1 mA is equal to 1/1000th of an
Ampere. The 4-20mA current loop is the industry standard for transmitting sensor
data.

| Why 4-20mA?

When asking what unit measures the flow of electrons in a control loop, the answer
is the milliampere. The choice of a 4mA to 20mA range is intentional:

1. Live Zero (4mA): By using 4mA to represent the "zero" or minimum
measurement, the system can distinguish between a zero reading and a broken
wire (OmA). If the flow of electrons stops entirely, the system triggers a fault alarm.

2. Power Efficiency: 20mA is high enough to provide a robust sighal that resists
electromagnetic interference (EMI) but low enough to be safe and energy-efficient.
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3. Linearity: The flow of electrons increases linearly with the measured level. For
example, in a 10-meter tank, 4mA represents 0 meters, 12mA represents 5 meters
(50%), and 20mA represents 10 meters.

Measurement Principles: From Physical Level to
Electron Flow

Industrial level meters, such as radar, ultrasonic, or hydrostatic transmitters, must
convert a physical property (distance, pressure, or buoyancy) into an electrical
signal. This process follows specific measurement principles before the electron
flow is generated.

| 1. Radar Level Measurement

Radar level meters emit high-frequency microwave pulses. These pulses reflect off
the surface of the medium and return to the sensor. The electronics calculate the
"time of flight" and convert this duration into a precise current signal between 4
and 20mA. The faster the return, the higher the level, and the higher the flow of
electrons sent to the controller.

| 2. Ultrasonic Level Sensors

Similar to radar, ultrasonic sensors use sound waves. The transducer converts the
mechanical energy of the returning sound wave into an electrical pulse, which is
then processed into a milliampere output. These are ideal for water treatment and
chemical storage where non-contact measurement is required.

| 3. Hydrostatic Level Transmitters

These sensors measure the pressure exerted by a liquid column. A diaphragm
senses the force, which is converted via a strain gauge or capacitive cell into a
change in resistance or voltage. The internal circuitry then regulates the flow of
electrons in the loop to match the corresponding pressure level.
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| Comparison of Signal Transmission Methods

When designing a system, engineers must choose how to monitor the flow of
electrons or potential. The following table compares common industrial signal
types:

Signal Type Unit of Primary Advantage | Primary Limitation
Measurement
4-20mA Current Loop  Milliamperes (mA) Immune to voltage Requires more
drop; detects wire power than simple
breaks. voltage signals.
0-10V Voltage Volts (V) Simple to interface Susceptible to noise
with basic and signal loss over
microcontrollers. long distances.
HART Protocol mA + Digital Allows digital Requires
calibration over the HART-compatible
analog current loop. handhelds or PLC
cards.
Modbus/RS485 Digital Bits Can transmit More complex setup
multiple variables and troubleshooting.

over two wires.

| Installation and Wiring Considerations

To maintain a stable flow of electrons and ensure accurate readings, several
installation factors must be addressed:

Loop Power Supply: Most 4-20mA transmitters require a DC power supply, typically
24V DC. The transmitter acts as a current regulator, controlling the flow of
electrons based on the level measurement.

Wire Resistance: While current loops are resistant to signal loss, there is a limit to
the total resistance (impedance) the loop can handle. If the resistance of the wires
and the receiver is too high, the power supply may not be able to "push" the
required 20mA through the circuit.
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Shielding and Grounding: To prevent external electromagnetic fields from
interfering with the flow of electrons, shielded twisted-pair cables should be used.
The shield should be grounded at only one end to prevent ground loops.

Cable Length: For distances exceeding 300 meters (approx. 1000 feet), the gauge
of the wire must be sufficient to minimize total loop resistance.

| Limitations and Practical Challenges

While the Ampere is the standard unit for measuring electron flow, practical
challenges can affect the integrity of the signal:

1. Electromagnetic Interference (EMI): High-voltage motors or variable frequency
drives (VFDs) can induce unwanted currents in signal wires, leading to "noisy"
data.

2. Corrosion: In chemical or wastewater applications, terminal corrosion increases
resistance. This can eventually prevent the transmitter from reaching the full
20mA flow, resulting in capped or inaccurate high-level readings.

3. Power Supply Fluctuations: If the voltage drops below the transmitter's minimum
operating requirement, the electron flow will become unstable, causing the signal
to drop out or fluctuate wildly.

| Frequently Asked Questions (FAQ)

Q: Can | measure the flow of electrons with a standard multimeter?

A: Yes. To measure the current in a 4-20mA loop, you must place the multimeter in
series with the circuit. Some modern transmitters include "test" terminals that
allow you to measure the flow without breaking the loop.

Q: What happens to the electron flow if the tank overflows?

A: Most professional level meters are programmed with an "error" current. If the
level exceeds the calibrated range, the transmitter may drive the current to a
specific value, such as 20.5mA or 22maA, to sighal an over-range condition to the
PLC.
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Q: Is the flow of electrons the same as the speed of electricity?

A: No. The "signal" travels at nearly the speed of light, but the individual electrons
(the drift velocity) actually move quite slowly—often only a few millimeters per
second through the wire.

Q: Why do some systems use 0-20mA instead of 4-20mA?

A: 0-20mA uses the full range starting from zero electron flow. However, it is less
popular in critical industrial applications because it cannot distinguish between a
"zero" measurement and a system failure (broken wire).

| Conclusion

Identifying what unit measures the flow of electrons is the first step in mastering
industrial process control. The Ampere, specifically in the form of the 4-20maA loop,
remains the most reliable method for communicating level data from the field to
the control room. By understanding the principles of electron flow and the
technical requirements of current-based signaling, engineers can design more
resilient systems that minimize downtime and maximize accuracy.

For those selecting instrumentation for water treatment, chemical processing, or
oil and gas applications, ensuring that your transmitters are calibrated to provide a
precise and stable flow of electrons is paramount. Reliable level measurement
starts with a solid grasp of these electrical fundamentals and the selection of
high-quality instruments designed for the rigors of the industrial environment.
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