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Speed, Wavelength, Frequency

System Frequency Wavelength

AC current 60 Hz 5,000 km

FM radio 100 MHz 3 m

Cellular 800 MHz 37.5 cm

Ka band satellite 20 GHz 15 mm

Ultraviolet light 1015 Hz 10-7 m

Light speed = Wavelength (meters) x Frequency (Hz)

= 3 x 108 m/s = 300,000 km/s

WiFi



4

Types of Waves

Earth 

Sky wave

Space wave

Ground wave

Troposphere 

(0 - 12 km)

Stratosphere 

(12 - 50 km)

Mesosphere 

(50 - 80 km)

Ionosphere 

(80 - 720 km)
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Radio Frequency Bands

Classification Band Initials Frequency Range Characteristics

Extremely low ELF < 300 Hz

Ground waveInfra low ILF 300 Hz - 3 kHz

Very low VLF 3 kHz - 30 kHz

Low LF 30 kHz - 300 kHz

Medium MF 300 kHz - 3 MHz Ground/Sky wave

High HF 3 MHz - 30 MHz Sky wave

Very high VHF 30 MHz - 300 MHz

Space wave

Ultra high UHF 300 MHz - 3 GHz

Super high SHF 3 GHz - 30 GHz

Extremely high EHF 30 GHz - 300 GHz

Tremendously high THF 300 GHz - 3000 GHz
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Propagation Mechanisms

• Reflection

• Propagation wave impinges on an object which is large as 
compared to wavelength

- e.g., the surface of the Earth, buildings, walls, etc.

• Diffraction

• Radio path between transmitter and receiver 
obstructed by surface with sharp irregular edges

• Waves bend around the obstacle, even when LOS (line of sight)  
does not exist

• Scattering

• Objects smaller than the wavelength of the 
propagation wave

- e.g. foliage, street signs, lamp posts
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Radio Propagation Effects
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Free-space Propagation

• The received signal power at distance d:

where Pt is transmitting power, Ae is effective area, and Gt is the transmitting 
antenna gain. Assuming that the radiated power is uniformly distributed over 
the surface of the sphere.
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Mobile phones can contain anywhere from four to 13 different antennas. 

There are at least four radios (transmitters and/or receivers) in mobile 

phones made today: cellular, Wi-Fi, Bluetooth, and GPS. 

Some phones will have three more radios: 802.15.

https://www.ifixit.com/Teardown/iPhone+11+Pro+Max+Teardown/126000
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https://www.ifixit.com/Teardown/iPhone+11+Pro+Max+Teardown/126000


Power Amplifier
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https://www.youtube.com/watch?v=J_bf_KE5llQ

2.4 GHz vs 5 GHz WiFi: What is the difference?

2,510,434 views  •Nov 28, 2018

2.4

5.0
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https://www.youtube.com/watch?v=J_bf_KE5llQ


Article 25 Years of Bluetooth Technology Sherali Zeadally 1 12
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https://predictabledesigns.com/wireless_technologies_bluetooth_wifi_zigbee_gsm_lte_lora_nb-iot_lte-m/

• Bluetooth Classic
• WiFi Direct
• Near-Field Communication
• Bluetooth Low-Energy (BLE)
• Zigbee
• Z-Wave
• 6LoWPAN
• WiFi is known as a Local Area Network (LAN) technology
• GSM / GPRS, LTE, and Others

Comparison of wireless Technologies
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https://predictabledesigns.com/wireless_technologies_bluetooth_wifi_zigbee_gsm_lte_lora_nb-iot_lte-m/
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TO LECTURE 2  More Wireless
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