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The Frequency of a Wave Is
Measured in

A practical guide to the frequency of a wave is measured in, covering the reader
intent, the relationship to the frequency of a wave is measured in, 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 process control and automation, understanding the
fundamental physics of wave propagation is essential for selecting the correct
instrumentation. Whether monitoring the level of corrosive chemicals in a storage
tank or measuring the flow of water in a treatment plant, the performance of the
sensor depends heavily on the characteristics of the waves it emits. One of the
most critical parameters in this context is frequency.

| Understanding the Unit of Frequency

By definition, the frequency of a wave is measured in Hertz (Hz). Named after the
German physicist Heinrich Hertz, one Hertz represents one cycle per second. In
industrial applications, we often deal with much higher magnitudes, leading to the
common use of kilohertz (kHz), megahertz (MHz), and gigahertz (GHz).

1 Hz: 1 cycle per second

1 kHz: 1,000 cycles per second

1 MHz: 1,000,000 cycles per second

1 GHz: 1,000,000,000 cycles per second

For engineers and technicians, frequency is not just a theoretical value; it
determines the wavelength, the beam angle, and the ability of a signal to
penetrate dust, steam, or foam. In level measurement, Welk utilizes different
frequency bands across its product lines to ensure accuracy in diverse
environments.

Measurement Principles: Frequency, Wavelength,
and Velocity

To understand why the frequency of a wave is measured in specific units for
different tasks, one must look at the relationship between frequency ($f$),
wavelength ($A$), and the velocity of the wave ($v$). The formula is expressed as:

$$v = f\times A$%$
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In level measurement, two primary types of waves are used: mechanical (acoustic)
waves and electromagnetic (radio) waves.

| 1. Acoustic Waves (Ultrasonic)

Ultrasonic level sensors use sound waves. The velocity of sound in air is
approximately 343 meters per second (m/s) at room temperature. Because the
velocity is relatively low, ultrasonic sensors operate in the kHz range. A higher
frequency in an ultrasonic sensor typically allows for a smaller transducer but
results in a shorter effective range due to atmospheric attenuation.

|2. Electromagnetic Waves (Radar)

Radar level meters use electromagnetic waves, which travel at the speed of light
(approximately $3 \times 10" 8% m/s). Because the velocity is so high, the
frequency must also be significantly higher to achieve manageable wavelengths
for industrial measurement. This is why radar technology operates in the GHz
range.

|Frequency in Radar Level Measurement

Modern radar level transmitters generally fall into three main frequency
categories. Each has distinct advantages and limitations based on the physics of
how the frequency of a wave is measured in and interacts with the environment.

| 6 GHz Radar (C-Band)

Low-frequency radar is robust against heavy steam, foam, and turbulence.
Because the wavelength is longer (approximately 50 mm), the signal is less likely
to be scattered by small particles or droplets. However, 6 GHz units require larger
antennas to maintain a focused beam, making them less suitable for small tanks
with internal obstructions.
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| 26 GHz Radar (K-Band)

This is the industrial standard for many liquid applications. It offers a balance
between antenna size and signal focus. With a wavelength of roughly 11 mm, 26
GHz radar provides better accuracy than C-band models and can be used in a
wider variety of process vessels.

| 80 GHz Radar (W-Band)

80 GHz technology represents the current pinnacle of high-frequency radar. The
frequency of a wave is measured in billions of cycles here, resulting in a very short
wavelength (approx. 3.7 mm). This allows for an extremely narrow beam angle (as
low as 3 degrees), which is ideal for avoiding internal tank structures like agitators,
ladders, or heating coils. It is also highly effective for measuring solids and
powders where the material surface may be uneven.

| Frequency in Ultrasonic Level Measurement

Ultrasonic sensors typically operate between 20 kHz and 70 kHz. The choice of
frequency here is a trade-off between resolution and distance.

Lower Frequency (20-40 kHz): These waves have more energy and can travel
further, making them suitable for measuring deep sumps or large grain silos up to
30 or 40 meters. However, they require larger transducers.

Higher Frequency (50-70 kHz): These provide better resolution and are used for
shorter ranges (typically under 10 meters). They are common in water tank
monitoring and open channel flow measurement.

| Practical Selection Table

When choosing an instrument from the Welk Main Page, consider how frequency
impacts the application:
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Technology Frequency Typical Best Use Case Key Limitation
Range Wavelength

Ultrasonic 20 kHz - 70 kHz 5mm-17 mm Water, Affected by
wastewater, vacuum, wind,
simple liquids and high temp

C-Band Radar ~6 GHz 50 mm Heavy foam, Large beam
steam, angle, large
turbulence antenna

K-Band Radar ~26 GHz 11 mm General Moderate
chemical sensitivity to
storage, oils heavy foam

W-Band Radar ~80 GHz 3.7 mm Narrow tanks, Higher cost,
solids, high sensitive to
precision thick buildup

| Installation Considerations and Beam Angle

The frequency of a wave is measured in units that directly correlate to the "beam
angle" of the sensor. In engineering terms, the beam angle is the area where the
sighal power drops to half of its peak value (-3dB point).

1. The Flashlight Analogy: Think of a low-frequency sensor as a wide-beam
floodlight. It illuminates everything in its path, including the tank walls and internal
pipes. A high-frequency sensor (like 80 GHz radar) is like a laser pointer; it can be
aimed precisely at the liquid surface through a narrow opening or between
obstacles.

2. Nozzle Height: High-frequency radar can often measure right up to the sensor
face, whereas lower-frequency sensors have a larger "blanking zone" or "dead
zone" where measurements are not possible.

3. Mounting Position: Sensors should be mounted away from the tank wall to avoid
false reflections. The higher the frequency, the closer to the wall the sensor can
typically be mounted due to the narrower beam.
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| Limitations of Frequency-Based Measurement

While knowing that the frequency of a wave is measured in Hertz helps in
selection, one must be aware of physical limitations:

Attenuation: High-frequency waves (both acoustic and electromagnetic) lose
energy faster than low-frequency waves when traveling through a medium. In very
dusty environments, a 26 GHz radar might actually outperform an 80 GHz radar
because the 80 GHz signal is more easily scattered by dust particles that are close
in size to its wavelength.

Dielectric Constant: For radar, the frequency is only half the story. The ability of
the wave to reflect depends on the dielectric constant ($er$) of the material.
Low-dielectric materials (like hydrocarbons) reflect waves poorly, requiring
high-sensitivity, high-frequency instruments or guided wave radar.

Environmental Interference: Ultrasonic waves are mechanical and require a
medium (air or gas). Therefore, they cannot work in a vacuum. Radar waves are
electromagnetic and work perfectly in a vacuum, but their frequency can be
shifted or attenuated by specific gases at high pressures.

| Frequently Asked Questions (FAQ)

Q: Does a higher frequency always mean a better sensor?

A: Not necessarily. While higher frequencies offer better precision and narrower
beams, lower frequencies are often more robust in extreme conditions like heavy
steam or thick foam where high-frequency signals might be absorbed or scattered.

Q: Why is the frequency of a wave is measured in Hertz for both sound and light?

A: Hertz is the universal Sl unit for any periodic phenomenon. Whether it is a
vibrating diaphragm in an ultrasonic transducer or an oscillating electromagnetic
field in a radar antenna, the number of cycles per second defines the frequency.

Q: How does frequency affect the "Dead Zone"?
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A: In ultrasonic sensors, the transducer must stop vibrating before it can listen for
the return echo. Higher frequency transducers usually stop vibrating faster,
allowing for a smaller dead zone (the minimum distance the sensor can measure).

Q: Can | use 80 GHz radar for all liquid applications?

A: 80 GHz is highly versatile, but for simple water applications, it may be
over-engineered. A standard 26 GHz radar or an ultrasonic sensor is often more
cost-effective for basic level monitoring.

| Conclusion

Selecting the right level measurement technology requires a firm grasp of how the
frequency of a wave is measured in and how it behaves within a process vessel.
From the long-range capabilities of low-frequency ultrasonic sensors to the surgical
precision of 80 GHz radar, frequency is the determining factor in signal reliability.

Welk provides a comprehensive range of industrial level measurement instruments
tailored to these physical principles. By matching the frequency of the instrument
to the specific challenges of your application—be it foam, dust, or narrow
geometry—you ensure long-term operational stability and accuracy. For detailed
product specifications and to find the right frequency for your next project, visit the
Welk Main Page.
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