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Operating Frequency for Low Frequency Radar Antenna
Introduction

An important consideration when designing an antenna is the frequency at which that antenna
will operate. The frequency influences parameters such as the transmit power, range, and physical size of
the antenna [1]. These parameters play a role in two others: the antenna’s performance and cost, making
the operating frequency a key property that needs to be carefully chosen. There exists a motivation to
operate radar antennas at low frequencies because these antennas can subvert the stealth technology used
against higher frequencies. While lower frequency antennas come with the disadvantage of larger
structures, they are more equipped to detect targets with low radar cross-sections [2]. This paper reviews
existing low frequency radar antennas, the motivation behind their usage, and how their creators handled
any drawbacks.

Commercial Applications for Low Frequency Antennas

Due to the classified nature of many applications of low frequency radars, it is difficult to locate
and provide details about their specifications and cost. However, applications of low frequency antennas

are widespread, particularly in marine vehicles.

In the case of marine vehicles, low frequency antennas are used to receive and send radio signals
for communication [3]. While there are stark differences between antennas created for the purpose of
radar and those used for radio, there are several elements of marine antennas that can be taken into
consideration when designing a radar antenna. Like radar, marine antennas need to be omnidirectional,
propagating signals in all directions. Although antennas operating in low frequency bands such as VHF
are large, marine antennas are limited in the size a boat can hold. Because of this, steps need to be taken
to maintain the effectiveness of a VHF antenna while keeping the size small enough to fit on a boat. One
popular marine antenna is Shakespeare’s Galaxy 5400-XT. This antenna operates in the VHF band with a
length of 4ft (1.22m) and a gain of 3dB costing $179.99 [4]. Similar to the 5400-XT, is Shakespeare’s
Mariner 8700 which also operates in the VHF band. However, the 8700 is double the length at 8ft
(2.44m), and a gain of 6dB and a price of $179.99 [5].

Another antenna operating in the upper UHF band is RAK’s 860-930MHz LoRa Antenna. The
LoRa antenna, with a price of $35, has a length of 0.8m, and a gain that changes with frequency. [6]
portrays how the gain decreases with frequency, with the 860MHz operating frequency having a gain of
5.1dB. When comparing RAK’s antenna to Shakespeare’s, two relationships can be concluded: the gain

of an antenna decreases as operating frequency decreases, while the length of the antenna increases.



Technology of Low Frequency Radars

Like most radars, low frequency radars have low gain. With a low gain, antennas achieve
omnidirectionality that allows signal propagation in a wide area [7]. What sets apart low frequency radars
from more typical radars at higher frequencies is their ability to use resonance to detect and track objects
with low radar cross-sections. Low frequency radars are characterized by the electromagnetic bands in
which they operate. Typically, these bands are UHF, VHF, and HF, which correspond to frequencies of
3MHz-3GHz and wavelengths of 0.1-100m [8]. The cross-sections of many objects of interest fall within
or near this wavelength range. If the wavelength of the antenna is chosen to be approximately double the
target’s cross-section, the resonance from the relationship creates larger signals returning to the radar [9].
The resonance provided by low frequency radars provides an incentive to utilize them for detection and
tracking of stealth aircraft, especially for those aircraft that can escape detection from higher frequencies
[10].

Depending on the antenna type and radiation pattern, the physical size of low frequency antennas
can be very large. A half-wave antenna operating at 30MHz would be 5m in diameter. An infinitesimal
dipole would allow greater flexibility in choosing the antenna’s size. However, due to the radiation
resistance associated with an infinitesimal dipole, the antenna would have a reflective efficiency of only
2.4% [7].

Special consideration needs to be taken when selecting an operating frequency so that the antenna
does not interfere with any other systems operating at that particular frequency. To aid in the selection,
the National Telecommunications and Information Administration provides data on the allocations of
frequency across the radio spectrum [11]. By looking at [11], frequencies between 54 and 72MHz are
reserved for television broadcasting, so the usage of an antenna at that frequency has the potential to both

interfere with others as well as be interfered with.
Implementation of Low Frequency Radars

An antenna is just one part of a radar system that works in tandem with the other components.
The antenna requires a modulator and a demodulator so that a signal can be transmitted and received
signals can extract information about range and speed. In addition to this, a power supply is needed to
transmit power to the antenna and the processing unit implementing the modulation. A transmission line
then connects the power supply to the antenna. The characteristic impedance of the transmission line
depends on both the wavelength and input impedance of the antenna [7]. By matching the characteristic

impedance, the antenna’s radiated power is maximized.
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