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In the field of industrial process control and level measurement, understanding the
electrical properties of a medium is essential for selecting the correct
instrumentation. One of the most critical parameters is the dielectric constant.
Often represented by the dielectric constant symbol, which is the Greek letter
epsilon ($\varepsilon$), this value determines how a material interacts with an
electric field. In practical engineering, we focus on the relative dielectric constant
($\varepsilonr$), also known as relative permittivity.

For engineers and technicians specifying radar, guided wave radar (GWR), or
capacitance level sensors, the dielectric constant is the primary factor that
dictates signal strength and measurement reliability. This article provides a
technical overview of the dielectric constant symbol, the physics behind it, and its
practical application in industrial level measurement.

Understanding the Dielectric Constant Symbol and
Physics

The dielectric constant is a measure of a material's ability to store electrical
energy in an electric field. In scientific notation, the absolute permittivity of a
material is denoted by the symbol $\varepsilon$. However, because absolute
permittivity is measured in farads per meter (F/m) and involves very small
numbers, the industry uses a dimensionless ratio known as the relative dielectric
constant or relative permittivity.

| The Mathematical Definition

The relationship is defined by the formula:
$$\varepsilon = \varepsilon0 \varepsilonr$$

Where:

$\varepsilon$: The absolute permittivity of the material.

$\varepsilon0$: The vacuum permittivity (a constant approximately equal to
$8.854 \times 10™{-12}$%$ F/m).
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$\varepsilonr$: The relative dielectric constant (the value used in level
measurement).

In a vacuum, the value of $\varepsilonr$ is exactly 1. Air is very close to a vacuum,
with a value of approximately 1.0006. Most industrial liquids and solids have values
ranging from 1.2 to over 80. The higher the value, the more "reflective" the
material is to electromagnetic waves, which is the foundational principle of radar
level measurement.

| Impact on Radar Level Measurement Principles

Radar level meters, whether non-contact or guided wave, operate by emitting
electromagnetic pulses toward a product surface and measuring the time of flight
for the reflected signal to return to the sensor. The dielectric constant symbol
$\varepsilonr$ is the key variable that determines how much of that pulse is
reflected back to the transmitter and how much is absorbed or transmitted through
the medium.

| Reflection Coefficient

The amount of energy reflected at the interface between two media (usually air
and the product) is governed by the reflection coefficient ($\Gamma$). For a
simplified normal incidence, the formula is:

$$\Gamma = \frac{\sqrt{\varepsilon{r2}} -
\sgrt{\varepsilon{rl}}}{\sqrt{\varepsilon{r2}} + \sgrt{\varepsilon{rl}}}$$

If the product has a high dielectric constant (like water, $\varepsilonr \approx 80%),
the difference between the air ($\varepsilonr \approx 1$) and the product is large,
resulting in a strong, easily detectable reflection. Conversely, if the product is a
hydrocarbon or plastic pellet with a low dielectric constant ($\varepsilonr \approx
2%), the reflection is much weaker, requiring more sensitive electronics or
specialized antenna designs.
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| Signal Velocity

The dielectric constant also affects the velocity of electromagnetic waves. In a
vacuum or air, waves travel at the speed of light ($c \approx 300,000% km/s).
When waves travel through a medium with a dielectric constant greater than 1,
their velocity ($v$) decreases:

$$v = \frac{c}{\sqgrt{\varepsilonr}}$$

This is particularly important for Guided Wave Radar (GWR) when measuring an
interface (e.g., oil over water). The radar pulse travels through the upper layer at a
slower speed, and the transmitter must compensate for this "dielectric offset" to
accurately calculate the distance to the lower interface.

| Material Classification and Selection Table

When selecting a level transmitter, engineers categorize materials based on their
$\varepsilonr$ values. Generally, materials with $\varepsilonr > 10$ are
considered easy to measure, while those with $\varepsilonr < 3$ require careful
instrument selection.
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Material Type Typical Dielectric Measurement Recommended
Constant Difficulty Technology

($\varepsilonr$)

Vacuum / Air 1.0 N/A Reference Point
Liquefied Gases 1.2-1.7 High High-frequency
(LPG, LNG) Radar / GWR
Hydrocarbons (Qil, 11925 Moderate GWR / Large Horn
Diesel) Radar

Solids (Plastic 2.0-5.0 Moderate 80GHz Radar / GWR

Pellets, Grain)

Alcohols (Ethanol, 16 - 30 Low Non-contact Radar

Methanol)

Water-based Liquids 40 - 80 Very Low Any Radar /
Ultrasonic

Acids / Alkalis 10 - 50 Low PTFE-lined Radar

For a detailed look at how these material properties influence specific instrument
configurations, you can review product options and application support on our
Main Page.

Selecting the Right Technology for Low-Dielectric
Media

When the dielectric constant symbol $\varepsilonr$ for a medium is low, the
sighal-to-noise ratio decreases. In these scenarios, standard measurement
techniques may fail. Engineers must choose between several specialized
approaches:

| 1. Guided Wave Radar (GWR)

GWR uses a physical probe (rod or cable) to guide the electromagnetic pulse. This
concentrates the energy and prevents the signal from dispersing, making it much
more effective for low-dielectric liquids like oils and solvents. GWR can often
measure materials with $\varepsilonr$ as low as 1.4.
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|2. High-Frequency Non-Contact Radar (80 GHz)

Modern 80 GHz radar transmitters use a narrow beam angle and advanced signal
processing to extract weak reflections from low-dielectric surfaces. The higher
frequency allows for better focus and smaller antennas, which is beneficial for
measuring solids or liquids in narrow tanks with internal obstructions.

| 3. Capacitance Level Sensors

Capacitance probes measure the change in capacitance between a probe and the
tank wall. Since capacitance is directly proportional to the dielectric constant of
the material between the electrodes, these sensors are highly sensitive to
$\varepsilonr$ changes. However, they require a stable dielectric constant to
maintain accuracy, making them less ideal for processes where the material
composition fluctuates.

| Practical Installation and Environmental Factors

The theoretical dielectric constant of a material is often measured under
laboratory conditions ($20™\circ\text{C}$ and 1 atm). In industrial environments,
several factors can alter the effective dielectric properties or the instrument's
ability to read them.

| Temperature and Pressure Effects

For most liquids, the dielectric constant decreases as temperature increases. This
is because thermal agitation interferes with the alignment of molecular dipoles.
While this change is usually negligible for high-dielectric liquids, it can be critical
for liguefied gases near their boiling point. Pressure changes generally have a
minimal effect on liquids but can significantly change the dielectric constant of
vapors, potentially causing measurement errors in high-pressure steam
applications.

Welk Reference Guide 6



WELK REFERENCE GUIDE Dielectric Constant Symbol

| Foam and Turbulence

Foam is a mixture of liquid and air. Its effective dielectric constant is usually much
lower than that of the pure liquid. If the foam is dense and conductive, it may
reflect the radar signal prematurely (measuring the top of the foam). If it is light
and non-conductive, the signal may pass through it, but with significant
attenuation. In cases of heavy turbulence, the surface is no longer flat, which
scatters the radar signal. Using a stilling well or a bypass chamber can mitigate
these effects by providing a calm surface for measurement.

| Coating and Build-up

In GWR applications, if a material with a high dielectric constant (like a
water-based slurry) coats a probe, the sensor may continue to "see" the coating
even after the level has dropped. Selecting probes with specialized insulation or
using non-contact radar can solve build-up issues.

| Frequently Asked Questions (FAQ)

Q: Can radar measure the level of a material with a dielectric constant of 1.27?

A: Yes, but it requires specialized equipment. Guided Wave Radar with a coaxial
probe or high-sensitivity 80 GHz non-contact radar are typically required for such
low $\varepsilonr$ values.

Q: Why is the dielectric constant symbol important for interface measurement?

A: In interface measurement (e.g., oil over water), the radar pulse must pass
through the upper layer to reflect off the lower layer. The upper layer must have a
lower dielectric constant than the lower layer, and the transmitter must know the
$\varepsilonr$ of the upper layer to calculate the correct distance to the interface.

Q: How does moisture content affect the dielectric constant of solids?
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A: Water has a very high dielectric constant ($\varepsilonr \approx 80%). Therefore,
even a small increase in the moisture content of a solid (like grain or wood chips)
will significantly increase its overall dielectric constant, making it easier to
measure but potentially requiring recalibration of capacitance-based sensors.

Q: Does the dielectric constant affect ultrasonic level meters?

A: No. Ultrasonic sensors use sound waves, which are mechanical longitudinal
waves. Their performance is affected by air temperature, pressure, and
turbulence, but they are completely independent of the material's dielectric
constant.

| Conclusion

The dielectric constant symbol $\varepsilonr$ is more than just a theoretical value;
it is a practical roadmap for successful level instrumentation. By understanding
whether a medium is polar (high $\varepsilonr$) or non-polar (low $\varepsilonr$),
engineers can predict signal behavior, select the appropriate sensor technology,
and ensure long-term measurement stability. Whether dealing with volatile
hydrocarbons or aqueous chemicals, the dielectric constant remains the most
influential variable in the electromagnetic landscape of the process tank.
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