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Why is higher frequency better

Higher frequencies offer various benefits, including reduced antenna size requirements, which is crucial for mobile devices. However, high frequencies are more susceptible to reflections and have difficulty passing through obstacles like walls. They are primarily used in military communications, aviation, amateur radio, and other specialized
applications. Increasing frequency allocation allows for increased transmission space, higher data rates due to wider communication channels, and miniaturization of systems. High frequencies also provide greater bandwidth, enabling faster data transfer over shorter periods. This is why VHF antennas, such as those used in 2.4 GHz and 5.8 GHz wifi
applications, have replaced older technologies like 900 MHz antennas. The advantages of higher frequency usage include smaller antenna size, less material requirement, easier mounting, and greater discretion. However, these frequencies have limited range due to reduced energy transfer through a medium. High-frequency devices concentrate
ultrasonic energy for precise skin treatments, unlike radio frequencies that target the dermis with heat. Higher frequencies' shorter range is attributed to their inverse relationship with wavelength. Comparatively, low frequencies have longer wavelengths and travel further but may sound muffled compared to high frequency sounds which can be
more "sizzling" in nature. They also enable a broad spectrum for signal modulation, allowing higher frequency transmission and potentially longer-distance coverage. However, the practical application of HF and lower frequencies is often limited by their inability to travel over vast distances without significant loss in signal strength. In summary,
electromagnetic radiation in the HF and lower frequency ranges has various military applications due to its ability to traverse long distances, although it requires large antennas for transmission. The main drawbacks of using electromagnetic radiation for communication are its limitations in range and penetration. This is primarily due to the fact that
high-frequency signals are more susceptible to absorption and reflection by objects, whereas low-frequency signals tend to diffract around obstacles but struggle with object penetration. A critical distinction must be made between signal strength and wavelength. It's not accurate to say that lower frequencies travel farther than higher frequencies;
rather, different wavelengths interact differently with various materials. For instance, certain wavelengths are blocked or absorbed by specific objects, while others can pass through more easily. Understanding the behavior of electromagnetic radiation is essential for effective communication. The Friis equation illustrates how received power is
influenced by emitted power, distance between transmitter and receiver, and wavelength. It's essential to recognize that signal strength decreases with increasing frequency, not the other way around. As frequency increases, signals carry higher energy but may struggle with penetration and object interaction. Looking at the idea that higher
frequency signals have a higher loss, it's worth noting that this relationship can be described mathematically as $E = hu$. However, its relevance to telecommunications is limited, and its connection to quantum physics might not provide practical solutions. Instead, increasing frequencies seems necessary due to : Saturation of the currently used
spectrum : The RF spectrum is heavily allocated, making it costly for new operators to access certain bands. Increasing frequencies can provide more "room" for transmission. Higher carrier frequencies enable wider communication channels. Miniaturization benefits from higher frequencies as they allow smaller antennas and systems. At a frequency
of 20 MHz, it's possible to transmit data streams simultaneously over the same wire using different carriers. This technique is called frequency division multiplexing and can be used with both wires and radio waves. By allocating specific time slots for each data stream, known as time division multiplexing, multiple systems can share a single cable.
For instance, ten data streams at 1 kbps could transmit in just one-tenth of the available capacity if sent at faster speeds. Researchers have recently demonstrated the ability to transmit 100 Gbps at 300 GHz frequencies, far exceeding previous ranges for free-space communications. The increase in mobile and fixed wireless bandwidth is partly due to
the adoption of higher frequencies, which inherently carry more data. A simple example illustrates this: assuming each zero crossing of a wave represents a bit (one or zero), higher-frequency signals have more oscillations per unit time, allowing them to represent more symbols. This is why millimeter wave signals have such high bandwidth - they
have many more zero crossings in any given unit of time compared to lower frequencies like 600 MHz to 800 MHz or 2-GHz. To make wireless communication a practical solution for various applications, researchers have been exploring ways to counteract signal propagation issues using advanced techniques such as processing and fractional-
wavelength antenna design. One of the primary challenges in signal transmission is multiple-path propagation, which can be mitigated through signal processing by combining signals to achieve a higher signal-to-noise ratio compared to traditional analog methods. Innovative approaches like MIMO (Multiple-Input, Multiple-Output) signaling allow for
the simultaneous reception and differentiation of multi-path signals, eliminating the need for narrow-band antennas. However, understanding how signals travel and interact with their environment is crucial in determining the effectiveness of these techniques. The relationship between signal propagation and absorption or reflection is complex,
requiring a thorough examination of both theoretical models and practical applications. A comprehensive understanding of component availability, cost, and device physics is necessary to integrate new technologies into real-world scenarios. Moreover, multiple-frequency-carrier signaling methods can increase reliability and combined bandwidth in
wireless communications, but their implementation depends on the specific frequencies used and the propagation environment. For instance, above 18 GHz, atmospheric absorption increases significantly, while there are absorption windows at certain frequency ranges (30-40 GHz and 94 GHz). The choice of frequency ultimately depends on the
application, with terrestrial ground-to-ground propagation being more affected by scattering, reflection, and diffraction caused by vegetation and man-made objects. Lower frequencies offer better penetration but may experience more multipath degradation. In wireless communication systems, preferred frequencies are typically around 700 MHz due
to their ability to penetrate buildings. However, achieving GHz bandwidths necessitates the use of higher frequencies. Ultimately, the selection of frequency depends on the specific requirements of each application, balancing factors such as signal strength, multipath interference, and device engineering complexities.

Does higher frequency mean faster speed. Is higher frequency response better. Frequency getting higher. Why are higher frequencies more dangerous.



