
2-2 CHAPTER TWO 

2.1 INTRODUCTION TO FREQUENCY BANDS

The spectrum chosen for use in either military or commercial applications often depends 
on a number of factors, including regulatory requirements or licenses that designate 
bands for certain uses. Depending on the application, the frequency band selected may 
also depend on antenna size, propagation distance, or environment. Over time, a number 
of different designations for frequency bands have been developed. For comparison, each 
of these band designations is shown in Table 2-1. Historically, some of the band group-
ings have differed, in part based on the application(s) intended, such as radar, electric 
countermeasures, and so on. The most commonly used designations are also listed in 
Table 2-1.

As mentioned, one of the factors to consider when selecting a band is the propagation 
characteristics of the band. Figure 2-1 shows attenuation as a function of wavelength or 
frequency. Attenuation is also a function of a number of factors that include both scat-
tering losses and absorption losses. In general, lower frequencies tend to propagate far-
ther and to transmit better under non-line-of-sight conditions. However, lower frequency 
antennas also tend to be larger because antenna size scales with frequency, creating a 
number of trade-offs that must be considered. For example, the military might select a 
lower frequency for operation so communication over mountain ranges is optimized; 
however, the lower frequency creates challenges in implementing an antenna that is a 
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(in GHz)

HF 0.003–0.03 HF 0.003–0.03 HF 0.003–0.03 A 0–0.25

VHF 0.03–0.3 VHF 0.03–0.3 VHF 0.03–0.3 B 0.25–0.5

UHF 0.3–1 UHF 0.3–3 UHF 0.3–1 C 0.5–1

L 1–2 SHF 3–30 L 1–2 D 1–2

S 2–4 EHF 30–300 S 2–4 E 2–3

C 4–8 C 4–8 F 3–4

X 8–12 X 8–12.4 G 4–6

Ku 12–18 Ku 12.4–18 H 6–8

K 18–27 K 18–26.5 I 8–10

Ka 27–40 Ka 26.5–40 J 10–20

mm 40–300 Q 33–50 K 20–40

V 50–75 L 40–60

W 75–110 M 60–100

*From Institute of Electrical and Electronic Engineers Standard 521-1976, Nov. 30, 1976.
†From International Telecommunications Union, Art. 2, Sec. 11, Geneva, 1959.
‡No official international standing.
§From AFR 55-44 (AR 105–86, OPNAVIST 3430.9B, MCO 3430.1), Oct. 27, 1964.

TABLE 2-1 Frequency-Band Designations
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reasonable size. In other cases, the military might select a band where propagation is 
limited for security or frequency re-use opportunities. An example of such a band is 
the V-band around 60 GHz. This band is well suited to short-range applications, but the 
implementation of low-cost antennas that perform suitably can be difficult due to the high 
frequency of operation, though the antennas will be relatively small for a given antenna 
gain compared to the lower frequencies.

The trade-offs associated with the use of various frequency bands have been studied 
extensively over time, and certain characteristics and applications are now commonly 
linked to specific frequency bands. Table 2-2 lists a number of frequency bands along with 
their common characteristics and uses. In general, the lower frequency bands tend to be 
used for longer range, lower bandwidth applications while higher bands tend to be used 
more often for shorter range applications that require higher bandwidth. In the case of radar, 
the higher frequency bands are often selected for higher resolution and the antennas take up 
less volume at these higher frequencies.

In the case of television and radio broadcasts, the selected bands tend to be lower, such 
as VHF and UHF, because the broadcasting company will likely want to cover an entire 
city or an even greater area with a single transmit site. The specific frequency band used 
by a particular station also depends on its license through a regulatory agency such as the 
Federal Communications Commission (FCC), which designates specific channels or bands 
with well-defined separation between them to avoid interference with broadcast services. The 
bands and channels used for AM/FM radio and television broadcast in the U.S. are shown in 
Table 2-3. The separation between the bands, sometimes called guard bands, help prevent 
interference between adjacent bands, but these bands were established decades ago. With 
continuing advances in communications technology and equipment, and the move toward 
digital television, the FCC is looking at different ways of thinking about the bandwidth per 
channel and the guard bands. In transmitting digital television, less bandwidth is required than 

FIGURE 2-1 Attenuation of electromagnetic waves as a function of frequency or wavelength (after  
L. Yujiri et al1 © IEEE 2003)
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2-4 CHAPTER TWO 

with analog, but the bandwidth does depend on the resolution or definition of the signal. In the 
future, digital television may evolve toward either one very high-definition digital signal or 
multiple lower definition signals for multiple television channels in what was one signal when 
transmitting analog. Advances in communications technology have also led to the discussion 
of the potential use of the guard bands for other applications since advances may allow for 
their use without interfering with the original broadcast channels.

VHF TELEVISION FREQUENCIES

Band Ch # Frequency Band Ch # Frequency

VHF LOW 02 54–60 MHz VHF HIGH 07 174–180 MHz

VHF LOW 03 60–66 MHz VHF HIGH 08 180–186 MHz

VHF LOW 04 66–72 MHz VHF HIGH 09 186–192 MHz

VHF LOW 05 76–82 MHz VHF HIGH 10 192–198 MHz

VHF LOW 06 82–88 MHz VHF HIGH 11 198–204 MHz

VHF HIGH 12 204–210 MHz

VHF HIGH 13 210–216 MHz

TABLE 2-3 Typical Broadcast Frequencies

Band Characteristics Applications

HF Long-distance links possible with 
ionosphere reflections

Ocean vessel communications, telephone, 
telegraphy, long-range aeronautical 
communications, amateur radio 
communications, military communications

VHF Ionosphere reflections possible at 
the lower end of the frequency band

Television and FM broadcasting, air 
traffic control, radio navigation, military 
communications

UHF Tends to require more line-of-
sight toward the high end of the 
frequency band

Television broadcasting, radar, mobile phones 
and radios, satellite communications, global 
positioning systems (GPSs), wireless LANs, 
wireless PANs, military communications

SHF Atmospheric absorption at highest 
frequencies can be significant

Radar, microwave links, land mobile 
communications, satellite communications, 
direct broadcast satellite (DBS) television 

EHF Line-of-sight propagation only 
toward the high end of the band, 
subject to atmospheric absorption, 
and best suited to shorter range 
applications

Radar, secure and military communications, 
satellite links, gigabit per second backhaul 
(1–2 km), future wireless PANs

Optical / 
IR

Significant atmospheric absorption, 
typically will not penetrate fog, 
line-of-sight only

Optical communications, fiber-optical links, 
very short range wireless communications, 
building-to-building high-speed wireless 
connections

TABLE 2-2 Common Frequency Bands: Characteristics and Typical Applications
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 FREQUENCY BANDS FOR MILITARY AND COMMERCIAL APPLICATIONS 2-5

In addition to commercial broadcast channels, a number of amateur radio bands 
have been established. These bands also tend to be at lower frequencies since it is 
usually desirable to have propagation over long distances to communicate with other 
amateur radio sites, as shown in Table 2-4. The successful use of the higher bands 
depends on the proximity of other amateur sites because they tend to propagate over 
shorter distances.

UHF TELEVISION FREQUENCIES

Ch # Frequency Ch # Frequency Ch # Frequency

14 470–476 MHz 38 614–620 MHz 62 758–764 MHz

15 476–482 MHz 39 620–626 MHz 63 764–770 MHz

16 482–488 MHz 40 626–632 MHz 64 770–776 MHz

17 488–494 MHz 41 632–638 MHz 65 776–782 MHz

18 494–500 MHz 42 638–644 MHz 66 782–788 MHz

19 500–506 MHz 43 644–650 MHz 67 788–794 MHz

20 506–512 MHz 44 650–656 MHz 68 794–800 MHz

21 512–518 MHz 45 656–662 MHz 69 800–806 MHz

22 518–524 MHz 46 662–668 MHz 70 806–812 MHz

23 524–530 MHz 47 668–674 MHz 71 812–818 MHz

24 530–536 MHz 48 674–680 MHz 72 818–824 MHz

25 536–542 MHz 49 680–686 MHz 73 824–830 MHz

26 542–548 MHz 50 686–692 MHz 74 830–836 MHz

27 548–554 MHz 51 692–698 MHz 75 836–842 MHz

28 554–560 MHz 52 698–704 MHz 76 842–848 MHz

29 560–566 MHz 53 704–710 MHz 77 848–854 MHz

30 566–572 MHz 54 710–716 MHz 78 854–860 MHz

31 572–578 MHz 55 716–722 MHz 79 860–866 MHz

32 578–584 MHz 56 722–728 MHz 80 866–872 MHz

33 584–590 MHz 57 728–734 MHz 81 872–878 MHz

34 590–596 MHz 58 734–740 MHz 82 878–884 MHz

35 596–602 MHz 59 740–746 MHz 83 884–890 MHz

36 602–608 MHz 60 746–752 MHz

37 608–614 MHz 61 752–758 MHz

Broadcast Frequencies
AM Radio = 535 kHz–1605 kHz (MF) 107 Channels each with 10 KHz separation
TV Band I (Channels 2–6) = 54 MHz–88 MHz (VHF)
FM Radio Band II = 88 MHz–108 MHz (VHF) 100 Channels each with 200 KHz separation
TV Band III (Channels 7–13) = 174 MHz–216 MHz (VHF)
TV Bands IV & V (Channels 14–69) = 470 MHz–806 MHz (UHF)

TABLE 2-3 (continued)
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The intermediate bridge between 2G and 3G is 2.5G, and it allows theoretically limited data 
transfer rates of up to 384 kbps, which is a significant increase from the pervious 9.6–14.4 kbps 
capability of 2G. But, of course, theoretical limits are often just that—theoretical—when the 
reality is that 40–50 kbps is the nominal data rate.

In 2010–2015, 4G will succeed 3G and will offer increased data rates up to 100 Mbps 
while on the move and 1 Gbps while stationary for on-demand high-quality video trans-
missions and accelerated downloads. Several factors will contribute to 4G’s succession, 
including the use of Orthogonal Frequency Division Multiplexing (OFDM) and Orthogonal 
Frequency Division Multiple Access (OFDMA) to more efficiently allocate resources between 
multiple users. Also, a network based solely on packet switching as opposed to the inef-
ficient combined circuit-switched and packet-switched network is an improvement over 3G. 
Software-defined radio (SDR) receivers with wider bandwidth capability may also be used. 
In addition, 4G could be orchestrated using pervasive networks (a.k.a. ubiquitous computing) 
as first introduced by Mark Weiser,11 which is a theoretical concept that allows multiple wire-
less technologies to be accessed simultaneously and information exchanged between them 
seamlessly while using 4G devices. To better manage the frequency spectrum allocation and 
transmission power utilized, pervasive networks will also use a smart-radio (a.k.a. cognitive 
radio) technology that decides the best frequency and power management.

Commercial wireless technologies include wireless cellular and wireless local area and 
personal area networks (WLAN, WPAN). WLAN systems typically operate in a range 
from 10–100 m while WPAN systems typically operate up to about 10 m. Cellular tech-
nologies have evolved from analog systems to today’s higher capacity digital systems with 
increased speeds and capabilities. The system protocols deployed in the initial move to 
digital cellular, often referred to as 2G, varied greatly in method but all supported the 
common function of delivering information between users. The wireless protocols oper-
ate in the ~850/900/1800/1900/2100 MHz frequency bands, with the specific bands 
varying depending on the country, mode of operation, and cellular carrier. As shown in 
Figures 2-4 and 2-5, many digital protocols are in use today, such as time division mul-
tiple access (TDMA), code division multiple access (CDMA), Global System for Mobile 
Communications (GSM), digital communication systems (DCS), personal communication 

FIGURE 2-5 Wireless protocols: their transmission rates (Mbps) and 
effective ranges (meters)

Wireless Protocols
Transmission 
Rate (Mbps)

Effective 
Range (m)

802.15.3a UWB (disbanded) 50–500 1–10
802.11n 10–100 1–100

802.11a/g 5–50 1–100
802.16 WiMax 5–10 100–10,000

802.15.3 5–10 1–10
802.15.3c.MMV 100–5000 1–10

802.11b WiFi 1–10 1–100
802.16e/20 1 100–10,000

UMTS/HSDPA/fxEVDO 0.5–1 50–10,000
802.15.1 Bluetooth 0.5–1 1–10

GPRS/EDGE 0.1–0.5 50–10,000
802.15.4 Zigbee ≤0.1 1–50

GSM/TDMA ≤0.1 50–10,000
Blackberry ≤0.1 50–50,000
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2-14 CHAPTER TWO 

where there is 3 GHz of available unlicensed worldwide spectrum. Historically, the use of 
such high frequencies has been limited to specialized applications because of the high cost 
of implementation. Recent and ongoing advances in a number of technologies indicate that 
low-cost solutions utilizing these frequencies should be possible.13 Some early work indicates 
that Si technology transceivers can support the 60 GHz frequency band of operation and are 
economical enough to manufacture in large quantities for a large consumer market.14,15 Next-
generation network interface cards (NIC) already support 1 Gbps transfer rates and USB2.0 
and IEEE 1394 standards are in place for high-speed wireless capability, making the need for 
60 GHz high-speed wireless hubs (or equivalent) more a question of when they will be needed 
rather than if they will be needed.

It is interesting to note that there is an overlap between the unlicensed bands worldwide 
in the V-band from 59–62 GHz, which will allow for 3 GHz of available bandwidth that 
can be readily used anywhere on the planet (see Figure 2-6). There is also a standard being 
developed in the form of IEEE 802.15.3c. Other spectrum purchases by supporting and 
competing 60 GHz technology companies are sure to occur outside this unlicensed band 
and will likely supplement the necessary bandwidth for a successful millimeter-wave high-
speed broadband protocol.

Solutions utilizing this millimeter-wave spectrum for very high-speed connectivity 
may be “stand alone,” or they may be integrated with other wireless technologies where 
at least some of the system can be reused. Measured performance of an early proof-of-
concept system is shown in Figure 2-7. In consumer electronics, typically acceptable 
bit error rates (BER) are around 10–6. Using this BER, Figure 2-7 shows demonstrated 
data rates of about 3.5 Gbps at ranges of 5 m and 1 Gbps up to a range of 50 m. This 
performance is for point-to-point line-of-sight with a single antenna at the transmitter and 
receiver. In order to achieve acceptable performance for non-line-of-sight use, MIMO 
and antenna gain are most likely needed.12

As previously stated, the deployment of high-speed solutions using millimeter-wave 
frequencies can be stand alone or exist as an alternative mode in a multimode system 
that includes 802.11. The European Union funded a program called Broadway, which 
looked at a hybrid dual-frequency broadband wireless LAN access system at 5 GHz and 
60 GHz to be implemented for urban hotspot coverage.16 This system is based on integrat-
ing HIPERLAN/2 OFDM technology at 5 GHz and an ad-hoc extension of it at 60 GHz 
called HIPERSPOT and would be an extension of the existing 5 GHz WLAN systems 
using new modes in the 59–65 GHz worldwide unlicensed frequency bands. Broadway 
could alternatively be used in combination with 802.11 solutions that exist and utilize the 
2.4 GHz band.

FIGURE 2-6 Available unlicensed global spectrum in the V-band

Unlicensed V-band Spectrum Availability
(Japan Europe USA)

56 57 58 59 60 61 62 63 64 65 66 67

Unlicensed Frequency (GHz)

Japan

Europe

USA

3 GHz Freq
Overlap
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2.4 EXAMPLES OF FUNDAMENTAL ANTENNA 
TYPES USED IN MILITARY AND COMMERCIAL 
APPLICATIONS

The selection of an antenna for a specific application is typically driven by a number of 
factors including antenna size, which is associated with the particular frequency being uti-
lized and the platform it will fit, the direction and distance over which the antenna needs to 
transmit its signal, and the antenna’s operational environment, which can introduce many 
variables that are best handled by certain antenna designs.

There are a number of fundamental antenna types that are typical options when deter-
mining the best antenna for a given application and frequency band. There are, of course, 
variations of these antenna types that may, at times, include hybrid approaches provid-
ing for optimized solutions. Many antennas, such as monopoles and dipoles, are resonant 
antennas that generally have dimensions close to half a wavelength. These antennas are 
often simple structures with relatively narrow bandwidth. Broadband antennas, such as log-
periodic antennas, typically have the largest dimension that is a half-wavelength at the low-
est frequency of operation. Antennas like this become resonant across the full frequency 
of operation for greatly improved bandwidth. Aperture antennas tend to be used for higher 
gain, are typically several wavelengths in one or more dimensions, and can be implemented 
using a feed and reflector or an array of wire or printed elements.

Dipole and monopole wire antennas are the most basic types of antenna because of their 
simple structure and omnidirectional radiation capability. The impedance characteristics asso-
ciated with these antennas have been investigated thoroughly, giving rise to general formulas 
for straightforward design. A monopole is an antenna that is mounted ideally on an infinite 
ground plane and can be characterized by a dipole antenna that is twice its size radiating in 
free space. A simple half-wave dipole is a center-fed driven antenna whose two conductors 
are opposite each other and perpendicular to the center feed. There are many different varia-
tions of these antennas including the cylindrical dipole, which has a length to diameter ratio 
of more than 15:1, biconical dipoles with conductors that flare out into cones, folded dipole 

FIGURE 2-7 Measured data rate vs. distance for an early proof of concept system,13 which shows the 
potential for very high data rates at distances traditionally within the WPAN ranges for point-to-point line-of-
sight (after R. Emrick et al13 © IEEE 2005)
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