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Radio Waves or Radio Frequency (RF) Waves

Radio waves are electromagnetic waves with frequencies
below 300 GHz (wavelengths longer than 1 mm).
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s ves, also called radio-frequency (RF) radiation, are the lowest-frequency, longest-wavelength portion of the

Leamn Scienc

Magnetic (EM) spectrum. They carry information through the air and space, penetrate many common materials, reflect

from the ionosphere, and wrap around the curvature of Earth, making them indispensable for communication, navigation,

astronomy, and remote sensing.

Key Points: Radio Waves or RF Radiation

Radio waves are low-frequency, long-wavelength electromagnetic radiation.

e Frequencies span from 3 Hz to 300 GHz, with wavelengths roughly 100,000 km down to 1 millimeter (mm).
Natural sources include lightning and pulsars; artificial sources include transmitters.

¢ They propagate by ground waves, skywaves, and line-of-sight.

Principal uses include broadcasting, mobile telephony, Wi-Fi, radar, satellite links, radio astronomy, RFID, and
remote controls.

Radio-frequency (RF) exposure is safe within requlated limits. While non-ionizing, RF wave produce heating.

Radio Wave Definition

Radio waves are electromagnetic waves with frequencies below 300 GHz (wavelengths longer than 1 mm). Like all EM radiation
they travel at the speed of light (c = 3.00x108 m/s) in a vacuum, but their long wavelengths give them unique propagation and

interaction characteristics.

Wavelength and Frequency Range

Radio waves span an enormous range of frequencies and wavelengths, each suited to different technologies and transmission
methods. The International Telecommunication Union (ITU) divides this portion of the spectrum into distinct bands based on

frequency, each with specific applications and propagation characteristics.
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ITU Band Abbrev. Frequency Range Wavelength Range Typical Applications
Extremely low ELF 3 Hz-30Hz 100,000 km — 10,000 km Submarine comms, geophysics
Super low SLF 30 Hz - 300 Hz 10,000 km — 1,000 km Mine & cave comms
Ultra low ULF 300 Hz — 3 kHz 1,000 km — 100 km Seismology, secure military
Very low VLF 3 kHz =30 kHz 100 km — 10 km Navigation, time signals
Low LF 30 kHz — 300 kHz 10 km—1 km AM long-wave, RFID
Medium MF 300 kHz — 3 MHz 1km—100m AM broadcast, maritime
High HF 3 MHz - 30 MHz 100m—-10m Short-wave, citizens band
Very high VHF 30 MHz - 300 MHz 10m-1m FM, TV, marine, airband
Ultra high UHF 300 MHz -3 GHz Im-10cm Digital TV, mobile, GPS
Super high SHF 3 GHz-30 GHz 10cm—1cm Radar, Wi-Fi, satcom
Extremely high EHF 30 GHz - 300 GHz lcm—1mm 5G, radio astronomy

Overlap Between Radio Waves and Microwaves

Microwaves are technically a subset of radio waves, occupying the upper portion of the radio-frequency (RF) spectrum, typically

from 300 MHz to 300 GHz. This overlaps with the UHF, SHF, and EHF bands of the radio wave classification. The distinctn

between radio and microwaves is more practical than scientific:
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p waves are often associated with longer-range communication and broader bandwidths (e.g., AM/FM radio,

ave, and VHF).

e Microwaves are used for higher-frequency applications requiring tighter beam control, such as radar, satellite
communication, microwave ovens, and 5G networks.

SCIENCE NOTES

am Science Do Science

Because both are forms of non-ionizing RF radiation and behave similarly in many respects, the boundary between them is

flexible and context-dependent.

Historical Milestones
The discovery and development of radio waves transformed science and communication.

e 1864 — James Clerk Maxwell unified electricity and magnetism, predicting the existence of electromagnetic waves.

e 1886—88 — Heinrich Hertz experimentally generated and detected radio waves, confirming Maxwell’s predictions.

e 1894-96 — Jagadish Chandra Bose and Alexander Popov independently demonstrated wireless signal transmission and
detection.

e 1895-1901 — Guglielmo Marconi developed practical wireless telegraphy and achieved the first successful transatlantic
radio transmission.

¢ 1909 — Nobel Prize: Guglielmo Marconi and Karl Ferdinand Braun jointly received the Nobel Prize in Physics for their
contributions to wireless telegraphy.

e 1920s—40s — Widespread adoption of commercial AM and FM radio broadcasting, followed by radar development during
World War 1.

e 1957 — Sputnik 1 broadcast the first satellite-based radio signals from space.

e Modern era — Modern RF applications including satellite communication, GPS, mobile phones, Wi-Fi, and radio astronomy
have become indispensable to society.

Generation of Radio Waves

The acceleration of electric charges generates radio waves, especially in oscillating or rapidly changing electric currents. Both
natural processes and human-made technologies produce radio-frequency (RF) radiation across a wide range of frequencies. In
nature, radio waves arise from dynamic electromagnetic activity, such as lightning or the energetic environments around stars
and black holes. Artificial systems deliberately generate radio waves using electronic circuits designed to oscillate at specific

frequencies.

The method of generation depends on the application and frequency range. Low-frequency waves can be produced using simple
LC (inductor-capacitor) circuits, while higher-frequency waves often require more complex devices such as vacuum tubes or
solid-state amplifiers. Modern digital systems often use software-defined radios (SDRs), which generate RF signals
computationally with exceptional precision and flexibility.

Natural Sources

Source

Mechanism

Notable Features

Lightning

Rapid charge redistribution

Emits broadband sferics

Solar flares, Sunspots

Plasma oscillations

Space weather interference

Planetary magnetospheres

Cyclotron maser emission

Jupiter's decametric bursts

Pulsars and quasars

Artificial Sources

Synchrotron radiation

e Oscillators (LC circuits, crystals): Generate tunable signals.

e Amplifiers (klystrons, magnetrons): Boost signals to usable power.

e Software-defined radios (SDR): Generate RF signals digitally.

e Spark gaps and EMP devices: Emit broadband RF pulses for testing.

Strong periodic pulses

Propagation Mechanisms

Radio waves travel in different ways depending on frequency, medium, and obstacles.
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Mode Frequency Range Description
Ground Wave LF=iviF Foliows Eariit's curvaiure
Skywave HF Reflected by ionosphere
Line-of-Sight VHF-EHF Direct, limited by horizon
Tropospheric Ducting UHF-SHF Guided by atmospheric layers
Wavegquides SHF-EHF Guided in tubes or ducts

Reception

To make use of radio waves, a system must be able to detect, amplify, and interpret the signals they carry. Radio wave reception

involves specialized components that convert electromagnetic energy into usable electrical signals for communication,

navigation, or data processing.

A receiving antenna collects the RF signal, which is then filtered and amplified. Mixers convert the signal to an intermediate

frequency for easier processing. Demodulation recovers the original information (e.g., audio, data). Modern systems use digital

signal processing (DSP) to improve quality and reduce interference.

Physical Properties

Radio waves share general properties with all electromagnetic radiation but also display unique characteristics due to their long

wavelengths and low frequencies. These properties affect how radio waves propagate, interact with materials, and are detected

by devices.
Property Behavior
Speed “3.00 x 10® m/s in vacuum
Energy 107" to 107 eV (non-ionizing)
Diffraction High; enables bending around obstacles
Polarization Linear, circular, or elliptical
Attenuation Increases with frequency and humidity
Coherence High in communications; low in natural sources

Biological and Environmental Effects

Radio waves are non-ionizing radiation, meaning they do not have enough energy to break chemical bonds or directly damage

DNA. However, they can interact with biological tissue through heating and induced electrical currents, especially at high

intensities or when prolonged exposure occurs near strong sources.

4 of 7

10/20/2026, 11:29 PM


https://sciencenotes.org/types-of-chemical-bonds/
https://sciencenotes.org/types-of-chemical-bonds/
https://sciencenotes.org/20-dna-facts-fun-facts-about-dna/
https://sciencenotes.org/20-dna-facts-fun-facts-about-dna/
https://sciencenotes.org/
https://sciencenotes.org/

Radio Waves or Radio-Frequency Radiation https://sciencenotes.org/radio-waves-or-radio-frequency-radiation/

SCIENCE NOTES

am Science Do Science

ects

At everyday levels—such as from radios, mobile phones, Wi-Fi routers, and broadcast towers—radio-frequency (RF) exposure is
considered safe and tightly requlated. However, health risks increase when exposure levels exceed recommended limits,

especially in occupational settings or near high-power transmitters.
Documented effects of high-level RF exposure include:

e Thermal heating: Tissue absorbs RF energy and converts it to heat. Prolonged or intense exposure causes burns or deep-
tissue heating, especially from focused sources like microwave horns or radar dishes.

e Cataracts and eye damage: The eyes are particularly sensitive to RF heating due to poor blood flow for cooling. Long-term
exposure to strong RF fields increases the risk of cataract formation.

e RF burns: Direct contact with conductive objects near strong RF sources (e.g., metal fencing near a broadcast antenna) can
cause localized burns from induced currents.

e Electromagnetic interference (EMI): Strong RF fields can interfere with pacemakers, hearing aids, and other implanted or
wearable medical devices.

Safety Regulations

e Agencies like the FCC (U.S.), ICNIRP (international), and OSHA set exposure limits, typically defined by specific absorption
rate (SAR)—a measure of energy absorbed by the body, expressed in watts per kilogram.

e RF workers (e.g., tower climbers, radar technicians) are trained to follow strict safety protocols, such as maintaining
minimum safe distances and using RF monitors.

e Consumer devices must comply with SAR limits to ensure public safety. For example, smartphones sold in the U.S. must
keep SAR below 1.6 W/kg averaged over 1 gram of tissue.

Environmental Effects

While radio waves do not chemically alter the environment or pose toxicity risks, they have indirect effects on ecosystems and
scientific observation. As RF usage has increased globally, so too has awareness of its influence on the natural world and the

electromagnetic environment.
Effects on Wildlife

e Birds and insects: High-powered radar installations and communication towers can interfere with the navigation of
migratory birds, especially species that rely on magnetic fields and polarized light for orientation. Artificial night lighting
around tall towers further increases collision risk.

e Insects and small animals: Although thermal effects on insects from environmental RF levels are minimal, some studies
suggest possible behavioral changes in bees and other insects exposed to strong RF fields.

e Animal tracking and telemetry: Man-made RF interference can degrade the performance of wildlife telemetry tags, which
rely on VHF or UHF frequencies to monitor movement, behavior, or physiology.

Radio Astronomy and Electromagnetic Pollution

e Radio frequency interference (RFI): Increasing RF noise from electronics, communication networks, and satellites
degrades the sensitivity of radio telescopes, making it harder to detect weak cosmic signals.

e Radio quiet zones: To protect scientific observation, regions like the U.S. National Radio Quiet Zone and protected areas
near observatories (e.g., the Square Kilometer Array) limit or prohibit RF emissions.

e Satellite proliferation: The rise of satellite constellations (e.g., Starlink) increases global RF emissions and adds both
interference and clutter to the radio sky, raising concerns in both astronomy and environmental requlation.

Applications of Radio Waves

Radio waves find use in a wide array of technologies that shape modern life. Their ability to travel long distances, penetrate

materials, and carry modulated signals makes them ideal for communication, navigation, remote sensing, and medical systems.

¢ Broadcasting: AM and FM radio, television, and digital audio broadcasting.

Mobile Communication: Cellular networks (2G through 5G), wireless telephony.
e Navigation: GPS and aviation/maritime aids use radio signals.

¢ Remote Sensing and Radar: Weather radar, speed detection, military surveillance.
¢ Medical Technology: MRI uses RF pulses in magnetic fields.

e Wireless Networks and loT: Wi-Fi, Bluetooth, and smart devices.

Radio Waves vs. Other Electromagnetic Radiation

Radio waves are just one part of the electromagnetic spectrum. Comparing them with other types of electromagnetic radiat@n

highlights differences in energy, frequency, interaction with matter, and practical applications across science and technology.

50f7 10/20/2026, 11:29 PM


https://sciencenotes.org/hearing-definition-how-it-works-anatomy-hearing-loss/
https://sciencenotes.org/hearing-definition-how-it-works-anatomy-hearing-loss/
https://sciencenotes.org/
https://sciencenotes.org/

Radio Waves or Radio-Frequency Radiation

6 of 7

https://sciencenotes.org/radio-waves-or-radio-frequency-radiation/

?Q!EPEEE@?ES ype Frequency Wavelength Energy Uses lonizing?
Radio 3 Hz—=300 Griz >1mm 100 107 eV Communication iNo

Microwave 300 MHz-300 GHz Im-1mm 107 to 107" eV Radar, cooking, Wi-Fi No

Infrared 300 GHz—430 THz 1 mm—700nm <leV Thermal imaging No

Visible 430-770 THz 700-400 nm 1.8-3.3 eV Vision No

uv 770 THz-30 PHz 400-10 nm 3.3-124 eV Sterilization Partly

X-ray 30 PHz-30 EHz <10 nm 124 eV-124 keV Imaging Yes

Gamma-ray >30 EHz <0.01 nm >124 keV Nuclear physics Yes

Frequently Asked Questions (FAQs)

Q: Are radio waves the same as sound waves?
A: No. Radio waves are electromagnetic radiation that travels at the speed of light, while sound waves are mechanical vibrations.

Radios convert radio waves into sound.

Q: Can humans hear radio waves?

A: No. Radio waves are electromagnetic radiation and cannot be heard directly by human ears. They must first be converted to
sound by a radio receiver.

Note: There are rare anecdotal reports of people “hearing radio” through dental fillings, especially metallic amalgams. While in
theory certain conductive materials interact with nearby strong AM signals and create faint vibrations detectable by the inner

ear, this is highly unusual, unverified under controlled conditions, and not possible with modern dental composites.

Q: Can radio waves travel through space?
A: Yes. They do not need a medium, so they propagate through the vacuum of space.

Q: Do radio waves cause cancer?

A: Radio waves are non-ionizing, meaning they do not have enough energy to directly damage DNA like ionizing radiation (e.g.,
X-rays or gamma rays). However, the International Agency for Research on Cancer (IARC) classifies radiofrequency
electromagnetic fields as “possibly carcinogenic to humans” (Group 2B). This means there is limited evidence of a possible link

between heavy, long-term cell phone use and certain types of brain tumors, such as glioma.

Most studies find no consistent evidence of harm from typical environmental RF exposure, and regulatory agencies continue to

monitor the science and enforce exposure limits to protect public health.

Q: What is the radio-frequency (RF) spectrum?
A: It refers to the 3 Hz to 300 GHz portion of the electromagnetic spectrum used for wireless communication.

Common Misconceptions About Radio Waves

Misconception 1: Radio waves are dangerous at all levels.

Reality: Typical RF exposure levels from phones, Wi-Fi, and broadcast are safe.

Misconception 2: Humans can hear radio waves.
Reality: Radio waves must be converted into sound by devices.

Misconception 3: Only artificial sources produce radio waves.

Reality: Natural phenomena like lightning and pulsars emit strong radio waves.

Misconception 4: All radio waves are used for broadcasting.

Reality: Many are used in radar, navigation, cellular networks, and satellite comms.
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bption 5: Radio waves travel only in straight lines.

hey also diffract, reflect, and follow Earth’s surface depending on frequency.

References

e Ellingson, Steven W. (2016). Radio Systems Engineering. Cambridge University Press. ISBN 978-1316785164.

e Hertz, Heinrich Rudolph (1893). Electric waves: being researches on the propagation of electric action with finite velocity
through space. Cornell University Library. Ithaca, NY: Cornell University. ISBN 9781429740364.

e Hitchcock, R. Timothy; Patterson, Robert M. (1995). Radio-Frequency and ELF Electromagnetic Energies: A Handbook for
Health Professionals. Industrial Health and Safety Series. John Wiley & Sons. ISBN 9780471284543.

e International Agency for Research on Cancer (IARC) (2011). “|ARC Classifies Radiofrequency Electromagnetic Fields as
Possibly Carcinogenic to Humans”. WHO.

e Maxwell, James Clerk (1865). “VIII. A Dynamical Theory of the Electromagnetic Field”. Philosophical Transactions of the
Royal Society of London. 155: 459-512. doi:10.1098/rstl.1865.0008

e Rawer, Karl (1993). Wave Propagation in the lonosphere. Developments in Electromagnetic Theory and Applications Series.
Dordrecht: Kluwer Academic. ISBN 9780792307754.

Categories

Select Category v

Free Printable Periodic Tables (PDF and PNG)
Periodic Table With 118 Elements - Black and White
Plant Cell - Diagram, Organelles, and Characteristics
Animal Cell - Diagram, Organelles, and Characteristics
Periodic Table with Atomic Mass

- © 2026 Science Notes and Projects - Designed by Press Customizr -

- Cookies Policy - Terms of Service -

7 of 7 10/20/2026, 11:29 PM


https://babel.hathitrust.org/cgi/pt?id=coo.31924064186715&seq=3
https://babel.hathitrust.org/cgi/pt?id=coo.31924064186715&seq=3
https://babel.hathitrust.org/cgi/pt?id=coo.31924064186715&seq=3
https://babel.hathitrust.org/cgi/pt?id=coo.31924064186715&seq=3
https://www.iarc.who.int/wp-content/uploads/2018/07/pr208_E.pdf
https://www.iarc.who.int/wp-content/uploads/2018/07/pr208_E.pdf
https://www.iarc.who.int/wp-content/uploads/2018/07/pr208_E.pdf
https://www.iarc.who.int/wp-content/uploads/2018/07/pr208_E.pdf
https://royalsocietypublishing.org/doi/10.1098/rstl.1865.0008
https://royalsocietypublishing.org/doi/10.1098/rstl.1865.0008
https://sciencenotes.org/
https://sciencenotes.org/
http://www.presscustomizr.com/
http://www.presscustomizr.com/
https://sciencenotes.org/science-notes-cookies-and-privacy-policy/
https://sciencenotes.org/science-notes-cookies-and-privacy-policy/
https://sciencenotes.org/terms-of-service/
https://sciencenotes.org/terms-of-service/
https://sciencenotes.org/printable-periodic-table/
https://sciencenotes.org/printable-periodic-table/
https://sciencenotes.org/periodic-table-2017-edition-black-white/
https://sciencenotes.org/periodic-table-2017-edition-black-white/
https://sciencenotes.org/plant-cell-diagram-organelles-and-characteristics/
https://sciencenotes.org/plant-cell-diagram-organelles-and-characteristics/
https://sciencenotes.org/animal-cell-diagram-organelles-and-characteristics/
https://sciencenotes.org/animal-cell-diagram-organelles-and-characteristics/
https://sciencenotes.org/periodic-table-with-atomic-mass/
https://sciencenotes.org/periodic-table-with-atomic-mass/
https://sciencenotes.org/
https://sciencenotes.org/

