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Introduction 

 Definition 
 Wires passing an alternating current emit or 

radiate EM energy.  

 The shape and size of the current carrying 

structure determine: 

 how much energy is radiated, direction of 

propagation and  

 how well the radiation is captured.  

 The structure to efficiently radiate in a 

preferred direction is called transmitting 

antenna, while the other side which is to 

capture radiation from preferable direction is 

called receiving antenna. 

 In most cases, the efficiency and directional 

nature for an antenna is the same whether its 

receiving or transmitting. 

 

 

 

 

Fundamentals of Electromagnetics With Engineering Applications by Stuart M. Wentworth

Copyright © 2005 by John Wiley & Sons. All rights reserved.

Figure 8-1  (p. 389)
Common single-element antennas.

Fundamentals of Electromagnetics With Engineering Applications by Stuart M. Wentworth

Copyright © 2005 by John Wiley & Sons. All rights reserved.

The antenna acts as a transducer 

between guided waves on the T-line 

and waves propagating in space. 

Generic antenna network.  
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Introduction 

 Classification 
 Wire-Type Antennas 

 Linearly polarised antennas 

 Element antennas 

 Narrow-band 

 Transmitting 

 Such as: Dipoles, Monopoles, Biconical, Loop and 

Helical 

 Aperture-Type Antennas 

 Circularly polarised antennas 

 Array antennas 

 Broad-band 

 Receiving 

 Such as: Horn, Open-Waveguides, Reflectors, Slot, 

Microstrip 
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Introduction 

 Importance 
 The Antennas are as important as the radio 

 Antennas are cheaper than amplifiers 
 3db improvement is generally not too difficult to achieve and is double the power 

(100 watts into 3db gain is 200 watts ERP; since it also doubles the receive 

strength, it’s as if both transmitters were running 200 watts). 

 To look at cost, consider what it would cost for the two (or more) amplifiers to 

double the power at each end of the QSO. 

 Antennas are reciprocal – they hear as well as they talk 
 Despite what can be overheard on the radio, there’s no such thing as an “antenna 

that gets out OK but doesn’t hear too well”.  That simply means the power levels 

at each end are different.  If it doesn’t hear too well, it isn’t getting out well either 

(without lots of power). 
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Introduction 

 How to choose an Antenna 
 Frequency – Dictates size 

 Mounting location – Base or mobile 
 Location refers also to where on the vehicle/home.   

 Some people like the roof of a car for the shielding and improved pattern but have to use a ¼ 
wave antenna to make it fit  

 others will use a fender or window mounted ½ wave for improved gain in some directions.   

 Home HF antennas may have covenant restrictions or no convenient structures available. 

 Omni or directional – Coverage or gain 
 Gain is achieved by focusing power.   

 If the goal is to cover a large area, then less gain and more power may be the answer. 

 Polarization – Horizontal, vertical, circular 

 Resonant or non-resonant – Tuner required? 
 Tuned/resonant antennas tend to be more complex than non-resonant, requiring traps, 

loads or multiple elements and can be significantly more expensive.   

 If there’s already a tuner in the shack or radio, a non-resonant antenna can often be 
the cheapest solution.  

 If a tuner is also required, investing in a more expensive resonant antenna could be 
more cost effective. 
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Introduction 

 How to choose an Antenna 
 Power available 

 Transmission line loss figures are based on a 1:1 match to the load.   

 High SWRs on coax from non-resonant antennas (like G5RVs or Windoms) result in 
larger losses and window line or ladder line is often preferred. 

 Feedline length and type 
 Feedlines can become an issue at extreme lengths (100’+ at HF), running high power 

levels (more than a few hundred watts), when feeding non-resonant antennas or 
VHF/UHF frequencies.   

 Use the lowest loss cable practical.   

 Mobile installs use moderate power (100 watts or less) with short coax runs so RG-58 or 
RG-8x are good choices.   

 Base installs often use 100’+ runs.  At VHF/UHF these can be very lossy so the better 
choices are Belden 9913, LMR 400, etc.   

 Cost 
 Cost is generally a function of size and complexity.  Since VHF antennas are small 

(compared to HF), they are cheaper for a given gain.   

 Since gain is generally achieved by making the antenna larger or more complex 
(efficient), the cost will rise accordingly. 
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 Gain and Losses Calculations 
 The gain numbers advertised are often calculated antennas 

with no feedlines, etc.  This makes the gain and front/back 
ratio figures better than a physical antenna.   

 The dBd to dBi calculation  
 It is not consistent because this still represents a dipole in free space 

with no feedline.  

 A physical dipole can actually show “altitude/height gain” because of 
reflections from ground. 

 Maximum ground gain generally occurs at about 1 wavelength in 
altitude at over 3dB.   

 Over a very conductive saltwater ground at 1 wavelength a standard 
dipole could be 6dBd gain at 15 degrees of elevation. 

 The formula for calculating power factor is 10G/10 where G is 
gain.   
 7dB would be 10^(7/10) or 10^.7 or 5.0.  So 7dB represents a 5 fold 

increase in power. 

 50 watts in with an antenna gain of 8dB and 3dB of feedline loss will 
yield a 5dB system gain or a factor of 3.16 (10^.5).  This provides 158 
watts ERP. 

 3 dB antenna gain improvement generally requires doubling the size 
(or capture area) of the antenna.  For an HF antenna, these 
improvements can often come by simply improving antenna efficiency. 

 

 

dBi - Gain vs. Isotropic Resonator 

Isotropic Resonator is infinitely 

small antenna with no feedline in 

free space radiating equally well 

in all directions (spherical 

pattern) 

dBd - Gain vs. Reference Dipole 

Gain referenced to a “real” 

dipole antenna with a donut-like 

pattern 

dBd = dBi + 2.15 dB 

ERP (Effective Radiated Power) is the 

real number to consider 

Gain uses a Log-10 scale 

3dB = 2-fold improvement 

6dB = 4-fold improvement 

10dB = 10-fold improvement 

20dB = 100-fold improvement 

•ERP=Power x (Gain - Feedline Loss) 
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Introduction 

 Radiated Power 
 In the far field, the radiated waves resemble plane 

waves propagating in ar direction where time harmonic 
fields related by : 

 

 

 The time averaged power density vector of the wave is 
by Poynting Theorem, 

 

 
        Where in the far field, 

 

 

 The total power radiated by the antenna, Prad is found 
by integrating it over a close spherical surface : 

 

 

 



22L
r 

A distance r from the origin 

is generally accepted as 

being in the far field region 

if  

L: is the length of the largest dimension on 

the antenna element, and assumed L>λ. For 

smaller L, r should at least as large as λ 
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Introduction 

 Radiated Power 
 Example 

In free space, suppose a wave propagating radially away from an antenna at 
the origin has: 

 
Where the driving current phasor 

Find: 

(a) ES 

(b) P(r,φ,θ)  

(c) Prad  and Rrad 
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Introduction 

 Radiated Power 
 Example 

In free space, suppose a wave propagating radially away from an antenna at 
the origin has: 

 
Where the driving current phasor 

Find: 

(a) ES 
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Introduction 

 Radiated Power 
 Example 

In free space, suppose a wave propagating radially away from an antenna at 
the origin has: 

 
Where the driving current phasor 

Find: 

(b) P(r,φ,θ)  
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Introduction 

 Radiated Power 
 Example 

In free space, suppose a wave propagating radially away from an antenna at 
the origin has: 

 
Where the driving current phasor 

Find: 

(c) Prad  and Rrad 
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Introduction 

 Radiation Patterns 
 Isotropic pattern is the pattern of an antenna having 

equal radiation in all directions. This is an ideal 

concept, which, strictly speaking, is achievable only 

approximately in a narrow frequency band. However, 

it is used to define other antenna parameters. It is 

represented simply by a sphere whose center 

coincides with the location of the isotropic radiator.  

 Directional antenna is an antenna, which radiates 

(receives) much more efficiently in some directions 

than in others. Usually, this term is applied to 

antennas whose directivity is much higher than that of 

a half-wavelength dipole.  

 Omnidirectional antenna is an antenna, which has a 

non-directional pattern in a given plane, and a 

directional pattern in any orthogonal plane (e.g. 

single-wire antenna). The pattern in the figure below 

is that of a dipole – it is omnidirectional. 

 

 

 
 

 

 

 

 

 

 

 

 

 

Field Pattern 

A plot of the field (either electric |E| or 

magnetic |H|) on a linear scale  

Power Pattern 

A plot of the power (proportional to either the 

electric |E|2 or magnetic |H|2) on a linear 

scale or decibel (dB) scale 

If the antenna radiates EM waves equally in 

all directions, it is termed as isotropic 

antenna, where the normalized power function 

is equal to 1. 

A directional antenna radiates and receives 

preferentially in some direction.  

 
 

max

,,
,

P

rP
Pn


 

  1, isonP 

The actual field intensity is not only depends 

on radial distance, but also on how much 

power delivered to antenna, we use and plot 

normalized function  divide the field or 

power component with its maximum value.  
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Introduction 

 Radiation Patterns 
 The radiation pattern (RP) (or antenna pattern) is 

the representation of the radiation properties of the 
antenna as a function of the angular coordinates. 

 The RP is measured in the far -field region, where the 
angular distribution of the radiated power does not 
depend on the distance.  

 The pattern describes the normalized field (power) 
values with respect to the maximum value. 

 The trace of the angular variation of the magnitude of 
the electric (or magnetic) field at a constant radius 
from the antenna is called the amplitude field pattern. 

 The trace of the angular variation of the 
received/radiated power at a constant radius from the 
antenna is called the power pattern. 

 The power pattern and the amplitude field pattern 
are the same when computed and plotted in dB. 

 Radiation intensity in a given direction is the power 
per unit solid angle radiated in this direction by the 
antenna. 

 

 

 

 

 

 

 

 

 

 

Field Pattern 

A plot of the field (either electric |E| or 

magnetic |H|) on a linear scale  

Power Pattern 

A plot of the power (proportional to either the 

electric |E|2 or magnetic |H|2) on a linear 

scale or decibel (dB) scale 

If the antenna radiates EM waves equally in 

all directions, it is termed as isotropic 

antenna, where the normalized power function 

is equal to 1. 

A directional antenna radiates and receives 

preferentially in some direction.  
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The actual field intensity is not only depends 

on radial distance, but also on how much 

power delivered to antenna, we use and plot 

normalized function  divide the field or 

power component with its maximum value.  
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Introduction 

 Radiation Patterns 
 Visual representation of gain, beamwidth (it is usually 

measured from the 3dB-down point), Front to Back 
(F/B) ratio, Front to Side (F/S) ratio, Phase, 
Polarization in one plane as a function of angular 
space coordinates θ, φ. 

 Radiation patterns usually indicate either electric field, 
E intensity or power intensity. Magnetic field 
intensity, H has the same radiation pattern as E 
related by η0.  

 The polarization or orientation of the E field vector is 
an important consideration in an E field plot. A 
transmit receive antenna pair must share same 
polarization for the most efficient communication. 

 The pattern graphs can only show the radiation 
pattern in one plane. Some will show both elevation 
and azimuth view.  Raising the height of a dipole will 
greatly improve the gain along the horizon 

 

 

 

 

Field Pattern 

A plot of the field (either electric |E| or 

magnetic |H|) on a linear scale  

Power Pattern 

A plot of the power (proportional to either the 

electric |E|2 or magnetic |H|2) on a linear 

scale or decibel (dB) scale 

If the antenna radiates EM waves equally in 

all directions, it is termed as isotropic 

antenna, where the normalized power function 

is equal to 1. 

A directional antenna radiates and receives 

preferentially in some direction.  
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The actual field intensity is not only depends 

on radial distance, but also on how much 

power delivered to antenna, we use and plot 

normalized function  divide the field or 

power component with its maximum value.  
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Introduction 

 Radiation Patterns 
 The Polar Plot: 

 The normalized radiation patterns for a generic antenna. 

 A 3D plot of radiation pattern can be difficult to generate 
and work with, so take slices of the pattern and generate 
2D plots (rectangular plots) for all θ at φ=π/2 and 
φ=3π/2. 

 The are some zeros and nulls in radiation pattern, 
indicating no radiations.  

 These lobes shows the direction of radiation, where 
main or major lobe lies in the direction of maximum 
radiation.  

 The other lobes divert power away from the main beam, 
so that good antenna design will seek to minimize the 
side and back lobes. 

 Beam’s directional nature is beamwidth, or half power 
beamwidth or 3 dB beamwidth.  

 It will shows the angular width of the beam measured at 
the half power or -3 dB points. 
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Introduction 

 Radiation Patterns 
 Antenna Performance: 

 It is often described in terms of its principal E and H plane 
patterns. 

 E plane : the plane containing the E field vector and 
the direction of max radiation (it is cross-section that 
includes driven element ). 

 H plane : the plane containing the H field vector and 
the direction of max radiation ( It is perpendicular to 
driven element ). 

 

 

 

 

 

 

• The x-z plane (elevation plane, φ=0) is 

the principal E-plane 

• The x-y plane (azimuthal plane; θ=π/2) 

is the principal H-plane. 

• Infinite number of principal E-

planes (elevation plane, φ=φc). 

• One principal H-plane (azimuthal 

plane; θ=π/2). 
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Introduction 

 Radiation Patterns 
 Pattern lobe is a portion of the RP 

whose local radiation intensity maximum 

is relatively weak. Lobes are classified 

as: major, minor, side lobes, back lobes.  

 Half-power beamwidth (HPBW) is the 

angle between two vectors, originating at 

the pattern’s origin and passing through 

these points of the major lobe where the 

radiation intensity is half its maximum. 

 First-null beamwidth (FNBW) is the 

angle between two vectors, originating at 

the pattern’s origin and tangent to the 

main beam at its base. Often, the 

approximation FNBW ≈ 2⋅HPBW is 

used.  
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Introduction 

 Radiation Intensity 
 Radiation intensity in a given direction is the power 

per unit solid angle radiated in this direction by the 
antenna.  

 Solid Angle 

One steradian (sr) is the solid angle with its vertex at the 
center of a sphere of radius r, which is subtended by a 
spherical surface of area r2. In a closed sphere, there are 
steradians. A solid angle is defined as 4π  

 

 

 The radiation intensity , U is the power radiated within unit 
solid angle:  

 

 

 

The infinitesimal area ds on a 

surface of a sphere of radius r in 

spherical coordinates is  

It was already shown that the power 

density of the far field depends on the 

distance from the source as 1/r2, since the 

far field magnitude depends on r as 1/r. 
Thus, the radiation intensity U depends 
only on the direction (θ,ϕ) but not on the 
distance r.  

The power pattern is a trace of the 

function |U (θ,ϕ) | usually normalized 

to its maximum value. The 

normalized pattern will be denoted 

as 𝑈 (θ,ϕ). 

the radiated power simply by Π  
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Introduction 

 Radiation Intensity 
 Example 

Find the normalized radiation intensity and pattern for:  
 An isotropic radiator 

 An infinitesimal dipole 

Solution: 

An isotropic Radiator   An infinitesimal Dipole 

 

The normalized pattern of an 

isotropic radiator is simply a 

sphere of a unit radius.  
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Introduction 

 Directivity 
 A measure of how well an antenna radiate most of the 

power fed into the main lobe.  

 The directive gain D(θ,φ) of an antenna is the ratio of the 
normalized power in particular direction to the average 
normalized power : 

 

 

 The directivity Dmax is the maximum directive gain, 

 
      So, 

 

 

 
 Total radiated power as: 

 

 

 
 

 

 

 

 

Fundamentals of Electromagnetics With Engineering Applications by Stuart M. Wentworth

Copyright © 2005 by John Wiley & Sons. All rights reserved.

Figure 8-5  (p. 393)
(a) An arc with length equal to a circle’s radius defines a radian. (b) An area equal 

to the square of a sphere’s radius defines a steradian.

An arc with length equal to a 

circle’s radius defines a radian. 

    dPnp  ,

An antenna’s solid angle Ωp: 
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A differential solid angle dΩ in sr is:  
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An area equal to the square of 

a sphere’s radius defines a 
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Introduction 

 Directivity 
 A measure of how well an antenna radiate most of the 

power fed into the main lobe.  

 

 

 
 

 

 

 

 

For (a), power gets radiated to the side 

and back lobes, so the pattern solid 

angle is large and the directivity is 

small. For (b), almost all the power 

gets radiated to the main beam, so 

pattern solid angle is small and 

directivity is high.  

It can be also defined as the ratio of 

the radiation intensity (RI) of the 

antenna in a given direction and the 

RI of an isotropic radiator fed by the 

same amount of power:  

The directivity is a dimensionless 

quantity. The maximum directivity is 

always  ≥ 1. 
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Introduction 

 Directivity 
 Example  

Find the beamwidth, pattern solid angle and the directivity. For this 
normalized radiation intensity: 

 

 

 

Solution: 

 The beam is pointing in the +y direction. 

 Due to the beam having function in θ and φ, so that:   

 From previous equation,                          so that  

       a 3dB beamwidth is at half of total power = 0.5.  
 

 To find BWθ, we fix φ = π/2 to get:  

       Then set sin2θ equal to ½.  Then, 

 
 

 To find BWφ, we fix θ = π/2 to get:  
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Introduction 

 Directivity 
 Example  

Find the beamwidth, pattern solid angle and the directivity. For this 
normalized radiation intensity: 

 

 

 

Solution: 

 Then set sin3θ equal to ½. Then 

 

 

       So, 

 
 

 The pattern solid angle is: 

 

 

 

 

 

 

 
 

 

 

 

 

  2 3, sin for 0 ,

 0 otherwise.

sin  nP       

    
1
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Introduction 

 Directivity 
 Example  

Find the beamwidth, pattern solid angle and the directivity. For this 
normalized radiation intensity: 

 

 

 

Solution: 

 Where each integral is solved as follows: 

 

 

      So, 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

  2 3, sin for 0 ,

 0 otherwise.
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Introduction 

 Directivity 
 Example  

Find the directivity for: 

 An isotropic source 

 Infinitesimal Dipole 

 

Solution: 

An isotropic Source                                   Infinitesimal Dipole 
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Introduction 

 Impedance and Efficiency 
 The antenna resistance consists of radiation 

resistance Rrad and a dissipative resistance Rdiss that 
arises from ohmic losses in the metal conductor. For 
antenna driven by phasor current. 

 

 
 For maximum radiated power, Rrad need to be as large as 

possible but without being too large, for ease of matching 
with the feedline. 

 Then the antenna efficiency, e 

 

 
 The power gain G(θ,φ) is likely its directive gain 

plus efficiency, where: 

  
 

G() ≈ 2500/(° °), taking into account beam shape and 
typical losses  

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

(a) A TL terminated in a dipole antenna 

can be modeled with an antenna 

impedance, Zant consisting of resistive 

and reactive components (c). 
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The max power gain is when the 

directivity is max. It’s been always 

expressed in dBi , indicating dB 

with respect to an isotropic 

antenna. 

Gain is like directivity, but includes 

losses as well 
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Introduction 

 Impedance and Efficiency 
 The total efficiency of the antenna  

 is used to estimate the total loss of energy at the input 
terminals of the antenna and within the antenna structure.  

 includes all mismatch losses and the dielectric/conduction 
losses 

 
 

 

 The Input Impedance  
 

 

 
 

 It is related to the radiated power Π = 𝑃𝑟, the dissipated 
power 𝑃𝑙, and the stored reactive energy. 

Here, 𝐼𝑜 is the current phasor at the antenna terminals; 𝑊𝑚is 
the time-average magnetic energy, and 𝑊𝑒is the time-average 
electric energy stored in the near-field region. 

 When the stored magnetic and electric energy values are 
equal, a condition of resonance occurs and the reactive 
part of 𝑍𝐴vanishes.  

 

 
 

 

 

 

 

Zin is the antenna input 

impedance and Zc is the 

characteristic impedance of the 

feed line.  

er   is the reflection (impedance 

mismatch) efficiency,  

ep is the polarization mismatch 

efficiency,  

ec is the conduction efficiency,  

ed is the dielectric efficiency.  

RA is the antenna resistance and 

XA is the antenna reactance. 

Rr is the radiation resistance and 

Rl is the loss resistance. 

For a thin dipole antenna, this 
occurs when the antenna length 
is close to a multiple of a half 
wavelength.   

The radiation resistance relates 

the radiated power to the voltage 

(or current) at the antenna 

terminals  
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 Transmitting Antenna  
 It is assumed that the generator is connected to the 

antenna directly.  

 If there is a transmission line between the generator 

and the antenna then𝑍𝑔 = 𝑅𝑔 + 𝑗𝑋𝑔  represents the 

equivalent impedance of the generator transferred to 

the input terminals of the antenna.  

 Transmission lines themselves often have significant 

losses. 

 Maximum power is delivered to the antenna when 

conjugate matching of impedances is achieved  

 

 

 
 

 

 

 

. 

 

 

 

Equivalent Circuit 

power delivered to the antenna  

power dissipated as heat in the generator  

radiated power  

power dissipated as heat in the antenna  
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 Receiving Antenna  
 The incident wave induces voltage 𝑉𝐴 at the antenna 

terminals (measured when the antenna is open circuited).  

 Conjugate impedance matching is required between the 

antenna and the load (the receiver) to achieve maximum 

power delivery: 

 

 

 When conjugate matching is achieved, half of the captured 

power 𝑃𝑐 is delivered to the load (the receiver) and half is 

antenna loss. The antenna losses are heat dissipation 𝑃𝑙and 

reradiated (scattered) power 𝑃𝑟.  

 When the antenna is non-dissipative, half of the power is 

delivered to the load and the other half is scattered back into 

space. Thus a receiving antenna is also a scatterer.  
 

 

 

 

. 

 

 

 

Equivalent Circuit 

power delivered to the antenna  power dissipated as heat in the generator  

Scattered (re-radiated) power  

Total captured power 
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Introduction 

 Effective Area 
 The effective antenna aperture is the ratio of the available 

power at the terminals of the antenna to the power flux 
density of a plane wave incident upon the antenna, which is 
matched to the antenna in terms of polarization. If no 
direction is specified, the direction of maximum radiation is 
implied.  

 

 

 

 

 
 Under conditions of conjugate matching, 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

𝐴𝑒 is the effective aperture, m2, 

𝑃𝐴is the power delivered from the antenna 

to the load, W,  

𝑊𝑖 is the power flux density (Poynting 

vector value) of the incident wave, W/m2. 

For aperture type antennas, the effective 

area is smaller than the physical 

aperture area. Aperture antennas with 

constant amplitude and phase distribution 

across the aperture have the maximum 

effective area, which is practically equal to 

the geometrical area. The effective 

aperture of wire antennas is much larger 

than the surface of the wire itself.  

The aperture efficiency of an antenna is 

estimated as the ratio of the effective 

antenna aperture and its physical area:  
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 Effective Area 
 Ae = eA, where A is the physical area and e is 

the antenna efficiency 

      and          Ae = (G 2 )/ 4  

 

 To get the average power available at the 

antenna terminals we use 

 Pav,Ant = Pav,Poynting (Average Poynting Flux) Ae 

 A crude estimate of G can be obtained by 

letting 

  ≈ (/d), where d is the antenna dimension 

along the direction of the angle  -- big antenna 

means small and  

 G() ≈ /(), where  accounts for 

losses 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

The gain G of an antenna is the 

ratio of the radiation intensity U in a 

given direction and the radiation 

intensity that would be obtained, if 

the power fed to the antenna were 

radiated isotopically.  

When the antenna has no losses, i.e. 

when 𝜫𝒊𝒏 = 𝜫, then G(θ,ϕ)=D(θ,ϕ). 

There are many factors that can 

worsen the transfer of energy 

from the transmitter to the 

antenna (or from the antenna to 

the receiver):  

• mismatch losses,  

• losses in the transmission line,  

• losses in the antenna: dielectric 

losses, conduction losses, 

polarization losses.  
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 Effective Area 
 Example 

A uniform plane wave is incident upon a very short dipole. Find the effective 

area 𝑨𝒆 assuming that the radiation resistance is 𝑹𝒓𝒂𝒅 = 𝟖𝟎
𝝅𝒍

𝝀

𝟐
𝛀 and that 

the field is linearly polarized along the axis of the dipole. Compare 𝑨𝒆 with 

the physical surface 𝑨𝒑 of the wire if 𝒍 =
𝝀

𝟓𝟎
 and 𝒅 =

𝝀

𝟑𝟎𝟎
, where 𝒅 is the wire’s 

diameter.  

Solution 
 Very short dipole means 𝑅𝑙 = 0 

 Under conjugate matching conditions, 𝑉𝐴 = 𝐸 . 𝑙 and 𝑊𝑖 =
𝐸 2

2𝜂
 

 

 

 The physical surface of the dipole is  

 

 

 

 

 

 
 

 

 

 

 

The aperture efficiency of 

this dipole is then  
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 Polarization 
 The polarization is the locus traced by the extremity of the time-varying field 

vector at a fixed observation point.  

  Any polarization can be represented by two orthogonal linear polarizations, 

(𝐸𝑥, 𝐸𝑦) or (𝐸𝐻, 𝐸𝑉) , the fields of which may, in general, have different 

magnitudes and may be out of phase by an angle 𝛿𝐿. 

 Single Side Bands (SSB)/ Continuous Waves (CW) are generally horizontal 

 FM is generally vertical 

 Satellites can be circular - Right Hand Circular Polarization (RHCP), left Hand 
Circular Polarization (LHCP) 
 Since there is no up and down in space (and satellites often spin), there is no way to 

orient the satellite horizontally or vertically. They use circular polarization to eliminate 
these polarization losses. 

 Polarization loss can be significant at VHF/UHF and microwaves 

 Bounced signals can change polarization 
 There are many HF SSB operators using verticals.  They are compact and after a hop, 

the signal will change polarity some 

 Verticals are more susceptible to human-made noise (QRM) 
 Man made noise is often vertically polarized so verticals are less desirable for SSB use.   

 FM is less sensitive to random noise so these work fine and vertical mobile installs are 
much simpler. 
 

 

 

 

. 
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 Polarization 
 The polarization of a transmitting antenna is the polarization of its 

radiated wave in the far zone.  

 The polarization of a receiving antenna is the polarization of an incident 

plane wave, which, for a given power flux density, results in maximum 

available power at the antenna terminals.  

 Generally, the polarization of the receiving antenna is not the same as the 

polarization of the incident wave. This is called polarization mismatch  

 The polarization loss factor (PLF) characterizes the loss of EM power 

due to the polarization mismatch.  

 The PLF is defined so that it attains a value of 1 (or 100%, or 0 dB) if there 

is no polarization mismatch, i.e., the antenna receives the maximum 

possible power for the given incident power density. A PLF equal to 0 (−∞ 

dB) indicates complete polarization mismatch and inability to capture 

power from the incident wave.  
 

 

 

 

. 
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 Polarization 
 The polarization vector  is the normalized phasor of the electric field 

vector. It is a complex-valued vector of unit magnitude, i.e  
 

 

 

 

Case 1: Linear polarization (the polarization vector is real-valued)  Case 2: Circular polarization (the polarization  

vector is complex-valued)  
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 Polarization 
 

 

 

 

 

. 
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 Polarization 
 Example 

The electric field of a linearly polarized EM wave is  

It is incident upon a linearly polarized receiving antenna, which would 

transmit the field  
 

 

If it were to operate in a transmitting instead of receiving mode. Find the PLF.  

 Solution: 
Notice that 𝐸𝑎propagates along −𝑧 in accordance with the requirement that it 
represents a transmitted wave.  
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 Polarization 
 Example 

A transmitting antenna produces a far-zone field, which is 

RH circularly polarized. This field impinges upon a 

receiving antenna, whose polarization (in transmitting 

mode) is also RH circular. Determine the PLF.  

 Solution: 
 

Both antennas (the transmitting one 

and the receiving one) are RH circularly 

polarized in transmitting mode. Assume 

that a transmitting antenna is located at 

the center of a spherical coordinate 

system. The far-zone field it would 

produce is described as  

This is a RHCP field with respect to the 

outward radial direction 𝑟 .  

Since the receiving antenna is also RHCP  
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 Antenna Design Considerations 
 Gain, SWR, Bandwidth, Front/Back ratio are related and optimum 

values are not achieved simultaneously for each 

 There are always compromises in antenna design.  

 It’s important to keep in mind the goals of an antenna system when 
looking at performance specs. 
 Bandwidth can often be increased by increasing element size. 

 SWR is difficult to match or a wide range and matching networks are generally frequency 
dependent. 

 All power fed into the line, minus the line attenuation, is absorbed into 
the load (antenna) regardless of the mismatch at the antenna terminals 

 Line attenuation (loss) is the key factor in determining losses due to 
mismatched antennas (high SWR) 

 Does antenna have power going in desired direction?  
Gain/Beamwidth 
 Gain figures are meaningless unless the power is going the desired 

direction.  
 It’s simple to achieve 20dB+ gain at UHF frequencies but the beamwidth becomes 

extremely narrow, making the antenna difficult to point.   

 Aligning satellite TV antennas is an excellent example. 

 

 

 

 

. 

 

 

 

 

 

 

SWR losses are added to line 

attenuation for total loss 

values 

100’ RG-58 @ 20 meters, 50’ 

RG-8x @ 2 meters, 

50’ Belden 9913 @ 70cm have 

nearly identical attenuation of 

1.5dB 

SWR losses are based on line 

attenuation.  Since ladder/window 

line has less attenuation, it can 

better tolerate high SWRs.  Total 

feedline losses are a function of 

line attenuation at the desired 

frequency, plus SWR losses, in 

addition to any connectors and 

other devices (switches, filters, 

grounding blocks, etc) in the line. 
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 Antenna Design Considerations 
 Loading 

 Inductive loads – base, center, top 
 Inductive loading allows shortening the physical length of the antenna.  

This is very common at HF and on HTs. This reduces antenna 
efficiency but allows more compact designs.  The higher the load is 
placed on the radiator, the better.   

 Screwdrivers tend to all be base loaded but adjustable.   

 The Hustler center loaded designs are very efficient despite their 
appearance.   

 Top loading is rare for practical reasons (it’s hard to place a large 
heavy load at the top of a whip). 

 Rubber Handie-Talkie (HT) antennas 
 Adding “Capacitance hats” allows for less inductive loading to 

increase antenna efficiency.  They appear on a number of mobile HF 
antennas.   

 Like inductive loads, these hats should be located as far up the 
antenna element as possible.  

 Cushcraft even has loads and capacitance hats on their MA5B 
compact beam.  

 

 

 

 

. 

 

 

 

 

 

 

"Handie-Talkie" (or variations on the 

spelling thereof). 

This was originally a brand-name term 

for the Galvin (think "Motorola") SCR536 

portable radio, introduced in 1940. The 

abbreviation "HT" has since been 

coopted by hams (and perhaps others) 

to refer to almost any hand-held portable 

UHF/VHF radio. 



4/16/2018 Dr. Omar R Daoud 42 

Introduction 

 Antenna Design Considerations 
 Ground Plane Verticals 

 ¼ wave is omnidirectional with unity (0dBd) gain when provided a 
proper ground plane. 
 HT antennas are generally loaded ¼ wave antennas with bad ground planes 

(human body) – bad performance. 

 The ¼ wave pattern was fairly symmetric when the antenna was mounted in 
the center of the roof.   

 The ¼ wave was terribly asymmetric when mounted on a fender. 

 ½ wave is unity gain with no ground plane and 3dBd with ground 
plane 
 Larsen makes a telescopic ½ wave for 2m that is about the best performing 

2m HT antenna available and one of the few that have actual gain. 

 5/8 wave is 3.5dBd gain with nice omni pattern and low radiation 
angle 
 The 5/8 wave antenna had an almost perfectly circular pattern regardless of 

where it was mounted. 

 Longer antennas have more omni patterns with asymmetric 
ground planes (vehicles) and lower radiation angles 
 The J-Pole design is simply a ½ wave antenna with a ¼ wave matching 

stub.  This stub effectively simulates ground providing the 3dBd gain of a ½ 
wave with a ground plane. 

 Multiple vertical elements can be used with proper phasing to increase gain 
by lowering radiation angle. 

 

. 
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 Antenna Design Considerations 
 Ground Planes 

 Ground plane requirements drop as the antenna feedpoint is 
elevated. 

 The same (HF) antenna sees different ground loss resistances 
as a direct result of antenna mounting location and vehicle size. 

 It is important to note that the measured ground loss increases 
as the antenna base nears the ground.  The importance of 
minimizing ground losses in mobile antenna installations cannot 
be overemphasized. 
 “Perfect” ground plane from 120 evenly spaced radials at least ½ wave 

in length 

 Wire mesh or wire from #12 to #28, above or a few inches below the 
ground work fine 

 Elevated feeds (1/8λ or more above ground) can use four ¼-wave 
radials 

 Vehicles provide poor ground planes at HF but elevating the feedpoint 
reduces loss 

 

. 

 

 

 

 

 

 

This chart assumes a ground mounted ¼ 

wave vertical radiating element. 

 

Since 120 radials is a bit impractical, there 

are other options.  These options do 

decrease the ground system efficiency.  

These are the radial systems that are the 

most efficient in terms of ground quality for 

the minimum wire required.  More or longer 

elements can be used with diminished 

returns. 

 

Notice the feedpoint impedance in nearly 

perfect with only 16 radials.  The 

impedance drops to 35 ohms with a 

“perfect” ground plane.  This represents a 

match of 1.5:1 yet antenna performance is 

3dB better.  Clearly the SWR is less a 

problem than the value of increased 

antenna efficiency. 
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 Antenna Design Considerations 
 Balanced Feed Designs 

 Dipole 
 Simple and effective 

 Vertical or horizontal polarization 

 Loop 
 Full wave has 3dBd gain 

 Circular, Quad (square) or Delta (triangular) design 

 E and H-plane patterns vary with height above ground 
 

 

 

 

½ wave dipoles are resonant on their 

fundamental frequency and odd 

harmonics.   
 

Generally to achieve any range (low 

radiation angle)  a height of ½ wave to 1 

wave is recommended. 
 

Standard ½ wave dipoles make 

excellent verticals because they need no 

ground plane.  They are fed in the 

center like any other dipole.  They tend 

to be simple to hide in a tree, suspended 

from a single point. 
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 Antenna Design Considerations 
 Balanced Feed Designs 

 Dipole 

 Dipole Types: 

 Sloper 

 Has 3dB to 6dB of directivity toward slope 

 Inverted-V 

 Single high mount, internal angle should be >90 degrees 

 Bent 

 Good attic antenna 

 Keep center section straight 

 Remainder of element can bend or curve to fit 
 They can be made in almost any shape – “W”, “U”, etc.   

 The basic goal is to keep the center as straight as possible 
for as long as possible because this contains the maximum 
current and is radiating the most energy.   

 Ideally the antenna would not loop back toward the feed.   

 Since the highest voltages are present in the ends of the 
wire, it’s a good idea to keep them away from any metal to 
prevent arcing.  Nearby metal will also have some loading or 
parasitic effects. 
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 Antenna Design Considerations 
 Balanced Feed Designs 

 Dipole 

 Dipole Types: 

 Folded 

 It is a flattened loop.   

 It is not quite as efficient as a full loop but does have gain and bandwidth 
improvements over a standard dipole. 

 High impedance needs open wire feed  

 Same overall size as ½ wave dipole but contains 1 wave of wire for nearly 3 dBd 
gain 

 Caged 

 Standard dipole with each leg made up of multiple wires around spacers forming a 
wire tube 

 Larger effective element diameter increases bandwidth 

 It is used to increase bandwidth nearly 180%. 

 This antenna consists of a dipole with two ¼ wave coax matching stubs connected 
in parallel.  It increases the bandwidth of the antenna 155%. 

 Extended Double Zepp 

 Two 0.64λ elements provide 3dBd gain 

 It has the same construction as a ½ wave dipole but with two 0.64 wave elements 
(rather than two ¼ wave elements). 
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 Antenna Design Considerations 
 Balanced Feed Designs 

 Multi Dipole Design 

 They are simple to construct because it’s simply more than one element tied to a 
common feed.   

 Various directivity patterns may be obtained by varying the arrangement of the dipoles 
and the way they are driven.  

 Since the impedances of the non-resonant wires will be extremely high at a given 
frequency, they have little effect on the system.  There are parasitic effects from the 
other elements and can make tuning difficult. 

 Such as: 

 Multiple  
 Multiple dipoles/loops at a single feed 

 Trap  
 Traps are tuned circuits used to generate multiple resonances on a single wire 

 Traps cause loss and decrease bandwidth 

 G5RV 
 Non-resonant – tuner required 

 Radiation patterns vary with frequency 
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 Antenna Design Considerations 
 Balanced Feed Designs 

 Multi Dipole Design 

 They are simple to construct because it’s simply more than one element tied to a 
common feed.   

 Various directivity patterns may be obtained by varying the arrangement of the dipoles 
and the way they are driven.  

 Since the impedances of the non-resonant wires will be extremely high at a given 
frequency, they have little effect on the system.  There are parasitic effects from the 
other elements and can make tuning difficult. 

 Such as: 

 Random wire 
 Beverage antennas are nearly random wires (They are at least 1 wave in length, supported 

along their length at a fairly low height, and terminated at the far end by its characteristic 
impedance.  They are often use for bands below 10 MHz, particularly 160m). 

 Can be any length of wire 

 Requires tuner 

 Works against earth ground 
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 Antenna Design Considerations 
 Balanced Feed Designs 

 Multi Dipole Design 

 They are simple to construct because it’s simply more than one element tied to a 
common feed.   

 Various directivity patterns may be obtained by varying the arrangement of the dipoles 
and the way they are driven.  

 Since the impedances of the non-resonant wires will be extremely high at a given 
frequency, they have little effect on the system.  There are parasitic effects from the 
other elements and can make tuning difficult. 

 Such as: 

 Windom 
 “T” shape single wire feed attached 14% off center 

 Works against earth ground, it has an unbalanced feed (As with any unbalanced antenna, 
the performance of these systems will depend on the quality of the ground). 

 “RF in the shack” is a potential problem (Placing a tuner at the feed can mitigate this). 

 Because height is unknown and currents in the wire will vary with frequency the patterns of 
these antennas will vary dramatically. 
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 Antenna Design Considerations 
 Balanced Feed Designs 

 Wire Arrays 

 Half Square 
 Vertical polarization with up to 3.8dBd gain 

 It is a ½ wave across the top with ¼ wave verticals at each end.   

 It can be fed at an upper or lower corner against a ground.   

 The ground quality will determine system performance.   

 It will perform substantially better at low radiation angles than a dipole. 

 Bi-square 
 Horizontal polarization with ~3.5dBd gain 

 It is constructed like a 2 wavelength vertical loop, fed at the bottom 
and open at the top.  It consists of two 1 wave elements fed 180 
degrees out of phase.   

 It is easily supported from a single point with guy wires supporting the 
elements.   

 Two bi-square arrays can be mounted at 90 degrees to each other and 
switched to provide omnidirectional coverage.   

 This way they can also be used as guys for the main support. 
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 Antenna Design Considerations 
 Balanced Feed Designs 

 Wire Arrays 

 Bobtail Curtain 
 Vertical polarization with bidirectional 5.8 dBd gain 

 It uses cophased ¼ wave verticals to create a broadside, bidirectional pattern with ~5.8 dB gain 
over a single element.   

 It has excellent low angle radiation. 

 Sterba Curtain 
 Horizontal polarization from multiple phased loops 

 It consists of multiple phased loops.   

 The number of loops determine the gain of the antenna.   

 The bottom of the antenna should be ½ wave above ground for best results. 

 Lazy “H” – Four element broadside array 
 Greater than 6dBd gain possible 

 It should be mounted at least ½ wave above ground.   

 Spacing between the elements will determine gain. 

 

 

 
 

 

 

 



4/16/2018 Dr. Omar R Daoud 52 

Introduction 

 Antenna Design Considerations 
 Balanced Feed Designs 

 Yagi 

 The reflectors tend to push the power forward to improve 
front/back ratio and the directors focus the power. 

 The elements are adjustable length using stepper motors.  
The antenna can be adjusted from 20m through 6m.   

 It can electrically change direction by swapping the 
director and reflector (one element gets longer and the 
other shorter) in less than 2 seconds.   

 It also has a bi-directional mode where the two outer 
elements are both configured as directors with the driven 
element in the middle. 

 ½ wave dipole driven element 

 Reflectors are 5% larger 

 Directors are 5% smaller 

 Number of elements and boom length determine gain 

 SWR, bandwidth, gain, boom length and front/back 
ratios all have to be considered 

 

 

 
 

 

 

 

10m yagi with SWR <2:1 

and Front/Back >20dB 
Numbers are rounded 

to nearest 0.5 dB 

These numbers are based on a specific 

antenna design.  Even varying the boom 

length will influence the gain figures.  

They do represent a typical design 

optimization used by commercial 

antennas. 

 

VHF/UHF antennas tend to have lower 

gain figures per element because of 

tuning difficulty.  Even the effect of water 

on the antenna has a significant effect at 

UHF. 
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 Antenna Design Considerations 
 Balanced Feed Designs 

 Reflecting Antennas 

 Corner reflector 
 Practical size at 222 MHz and up 

 Simple to construct, broadbanded, gains 10-15dBd 

 It does not equal the parabola in gain but is simpler to 
construct.   

 At 902 MHz and up and corner reflector can approach ideal 
dimensions (very large in terms of wavelength).  

 Gains are dependant on reflector angle and size.   

 Pyramidal Horn 
 Practical at 902 MHz and up 

 Sides of horn are fed for up to 15 dBi, 13dBd gain 

 They have feedpoint impedances of 300-400 ohms requiring 
some type of matching network.   

 Coax matching stubs are simplest. 
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 Balanced Feed Designs 

 Reflecting Antennas 

 Parabolic dish 
 Gain is a function of reflector diameter, surface accuracy and 

illumination (Illumination is a function of obstructions in front 
of the dish.  Offset fed parabolic dishes (like most satellite TV 
dishes) move the feedpoint below the dish to allow for full 
illumination). 

 They become practical at 420MHz and above.   

 Gain is dependent on good surface accuracy, which is more 
difficult to achieve with increasing frequency.   

 Surface errors should no exceed 1/8 wavelength for amateur 
work.   

 At 430 MHz, this is 3.4 inches but at 10GHz it’s 0.1476 
inches!  Mesh can be used for the surface to reduce weight 
and wind loading but hole size should be less than 1/12 
wavelength.   

 At 430 MHz, 2 inch chicken wire can be used effectively.  
Fine mesh aluminum screening works well as high as 
10GHz. 

 

 

 

 
 

 

 

 

Gain can be found by the formula  

G=10 Log k(πD/λ)2 where: 

G= Gain over isotropic antenna (subtract 

2.15 for dBd) 

k= Efficiency factor, usually 55% 

D= Dish diameter in feet 

λ= Wavelength in feet 

 

Note that as the dish size increases, the 

beamwidth narrows.  This makes the dish 

alignment increasingly critical. 
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 Notes:  
 The differences between transmitting and receiving antennas 

 From the reciprocity theorem, the field patterns are the same for 

transmitting or receiving. 
 Antenna feeding and matching 

 Balun (a device to connect a balanced antenna to an unbalanced 
transmission line) may be required. 

 Polarisation 

 Polarisation has to be matched from Tx to Rx. 

 Radomes, housings and supporting structures. 

 Affecting the antenna performance (impedance, pattern, …) 
 

 

 

 
 

 

 

 


