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What do Antennas actually do? 

• They convert Radio Frequency (RF) energy 

from the transmitter into radio waves which are 

in turn radiated by the antenna into space. 

• They also convert radio waves from free space 

into electrical current which is transformed 

into information by the radio. 
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Electromagnetic Waves 
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Electromagnetic Waves 

• Composed of an Electric Field (“E”) and a 
Magnetic Field (“H”). 

• E and H fields are transverse – ie: they are at right 
angles to the direction of propagation of the wave. 

• E and H fields are mutually perpendicular. 

• The two fields are in phase. 

• Velocity of an EM Wave is the speed of light. 

• Polarization of the EM wave is defined by the 
orientation of the E field. 

• Circular Polarization is also possible. 
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Antenna Impedance 

• Just as with Transmission Lines, Antennas 

have an Impedance at their Feedpoint. 

• Consists of at least two, sometimes three 

components: 

– Ohmic Resistance; 

– Radiation Resistance; and 

– Reactance. 
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Ohmic Resistance 

• This is a measure of the RF energy that is 
transformed into heat instead of being radiated as an 
electromagnetic wave. 

• Caused by the actual ohmic losses in the wire or metal 
that makes up the antenna. 

• Also caused by ohmic losses from nearby conductors, 
including the earth. 

• Also referred to as Heat Loss. 

• A resistor with the same value as the Ohmic resistance 
would radiate the same amount of heat. 
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Radiation Resistance 

• This is a measure of the RF energy that is actually 
transmitted into free space by the antenna. 

• Radiation Resistance decreases as antennas are made 
physically smaller. 

• Usually much greater than Ohmic Resistance, but 
can be small in physically small antennas. 

• A resistor with the same value as the Radiation 
Resistance would absorb the same amount of energy 
as is radiated by the antenna. 
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Antenna Efficiency 

• Naturally, the greater the percentage of RF 
energy that is radiated as an EM wave, the 
more efficient the antenna. 

 

• Efficiency = Rrad / Rrad + Rohmic 

 

• As long as Rrad is relatively larger than Rohmic 
the antenna will be reasonably efficient. 
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Reactance (1) 

• At Resonance, antenna feedpoint impedance is 

purely resistive, ie: it is composed of the sum of 

Radiation Resistance and Ohmic Resistance. 

• If used on any other frequency however, Reactance 

becomes a component of feedpoint impedance. 

• Reactance – The opposition to the flow of Alternating 

Current (AC) in a circuit by storage in an electric field 

(for a capacitor) or a magnetic field (by an inductor).  

Measured in ohms. 
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Reactance (2) 

• Below the Resonant Frequency, feedpoint 

impedance consists of resistance and capacitive 

reactance.  

• Above the Resonant Frequency, feedpoint 

impedance consists of resistance and inductive 

reactance.  
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Reactance (3) 

• Reactance does not absorb or radiate power, but 
can cause an impedance mismatch between the 
antenna and feedpoint. 

• Reactance can be eliminated using capacitance 
or inductance, leaving just the resistive 
component. 

• An antenna does not have to be resonant to 
radiate! 
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Typical Antenna Impedances 

• Dipole, free space: 73 Ohms 

• Inverted V: 50 Ohms 

• Folded Dipole: 300 Ohms 

• Yagi Driven Element: 25 Ohms 

• Quarter Wave vertical: 36 Ohms 

• Rhombic: 600 Ohms 
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Vertical Polarization Horizontal Polarization 

Antenna Polarization 

Polarity should match 

for best reception 

EXCEPT… 

over propagation paths 

that involve the ionosphere, 

the polarity changes as the 

signal travels through 

the ionosphere anyway. 
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Vertical Polarization 
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Horizontal Polarization 
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Circular Polarzation 
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Circular Polarzation 
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Circular Polarzation 

Left-Hand Circular Polarization Right-Hand Circular Polarization 
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Circular Polarization Methods 
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Isotropic Radiator 

• An imaginary perfect antenna that radiates 

equally well in all directions. 

• Used as a base of comparison for real antennas. 

• Imagine the Sun. 
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Dipole Antenna (1) 

• The half-wave dipole antenna is an efficient and 
commonly used practical antenna. 

• It is also used as a comparison antenna for gain 
measurements, using the term dBd. 

• Because it does not radiate equally well in all 
directions though, it has 2.15 dB gain compared to an 
isotropic antenna. 

– Therefore Gain of a Dipole Antenna dBd = 2.15 dBi 

– Note that this is in free space – the presence of the Earth will 
change the radiation pattern of a dipole. 
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Dipole Antenna (2) 
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Dipole Antenna (3) 

• Antenna current is high in the center of the dipole, 
and low at the ends. 

• Voltages are high at the ends of the dipole, and low in 
the center. 

• Center is a Low Impedance point, while the tips are 
High Impedance points. 

 

Low Impedance point High Impedance point 

Voltage Current 
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Antenna Gain 

• A measure of the antenna’s ability to concentrate the 
radiated signal into a beam. 

• Defined as the ratio between the power required by a 
reference antenna to produce a signal at a given 
location to the power required by the real antenna to 
produce the same signal in the same location. 

• Always indicated as a comparison to a standard 
reference antenna, usually an Isotropic Antenna, or a 
Dipole Antenna. 

• Gain is measured in Decibels (dB). 
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Decibels (1) 

• The ratio of two power levels can be expressed 

using decibels. 

• Antenna Gain = 10 Log Power ref ant / Power real ant 

• When using decibels, gain can be added and 

subtracted. 

• Despite (or actually because of!) the logarithms, 

this is actually a very simple system to use!! 
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Decibels (2) 

• Every 3 dB change double or halves the power. 

• Every 10 db change increases or decreases the power 
by 10 times. 

 

• Example: An amplifier advertises that it can increase 
your transmit power by 6 db.  If your transmitter is 50 
watts, what is the output power of the amplifier? 

– 6 db is 3 db + 3 db. 

– The first 3 db doubles your power: 50 watts x 2 = 100 watts 

– The second 3 db doubles it again: 100 watts x 2 = 200 watts 
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Decibels (3) 

• Example: Your feedline has 3 db loss on 2 meters.  The 
antenna, a long boom Yagi, has a gain of 13 db 
compared to an isotropic antenna.  If your transmitter 
power is 150 watts, what is your effective radiated 
power? 

– 3 dB loss in the feedline = 150 watts/2 = 75 watts 

– 13 dB gain in the antenna = 10 db + 3 db 

– 10 db gain gives 75 watts x 10 = 750 watts 

– Next 3 dB gain gives 750 watts x 2 = 1500 watts 

• Therefore, 150 watts into this particular antenna system 
is the equivalent of 1500 watts into an isotropic 
antenna. 
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Decibels (4) 

• Another way to do this is to add the gain and loss of 
each component, and apply it to the transmitter 
power: 

– -3 dB + 13 dB = 10 dB gain overall compared to an 
isotropic antenna. 

– 10 dB gain with 150 watt transmitter gives                     
150 watts x 10 = 1500 watts compared to an isotropic 
antenna. 

• So the answer is the same no matter how the dB 
calculations are made. 
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Decibels (5) 

• dB  Power Chng 

• 1  1.25 

• 2  1.58 

• 3  2.0 

• 4  2.5 

• 5  3.15 

• 6  4.0 

• 7  5.0 

• 8  6.3 

• 9  8.0 

• dB  Power Chng 

• 10  10.0 

• 11  12.6 

• 12  15.8 

• 13  20.0 

• 14  25.1 

• 15  31.6 

• 20  100 

• 30  1,000 

• 40  10,000 



Radiation Patterns 

• Most antennas do not transmit/receive equally 

well in all directions, either in azimuth or in 

elevation above the horizon. 

• To illustrate this behavior, we use radiation 

plots. 
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Radiation Patterns 
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Dipole Radiation Plot 

(in Free Space) 
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Radiation Pattern – 3 Element Yagi 
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Radiation Pattern – 3 Element Yagi 
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Real Life Antennas… 

• In real life however, we have to consider the 
effect of the Earth on the antenna pattern. 

• Energy reflected off the ground reinforces the 
antenna’s radiation pattern in some areas, and 
weakens it in others. 

• A dipole over salt water might have as much as 6 
dB gain over a dipole in free space! 

• The lesson to be learned here is that before 
comparing gain figures, you must ensure that you 
have taken everything to the same baseline! 
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Effect of Height on a Dipole Antenna 

Radiation Pattern 
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6 Element Yagi vs Dipole 
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Effect of Height on a Dipole Antenna 

Impedance 
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Antenna Bandwith (1) 

• Defined as the frequency span where VSWR is 

2:1 and below. 

• For a given antenna, a larger diameter of the 

antenna wire/tubing will give greater bandwith. 

• Difficult for a single dipole to cover the entire 

80 meter band for example (3.5 – 4.0 MHz). 

Al Penney 

VO1NO 



Antenna Bandwith (2) 

2:1 

VSWR 

2:1 VSWR 

Bandwith 
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Antenna Length (1) 

• In free space wavelength λ (meters) = 300/f (MHz). 

• But, the electrical length of a conductor is affected by: 

– Speed of EM wave in that conductor; 

– Diameter/length ratio of the conductor; and 

– End effect of the insulators. 

• All these factors tend to shorten the antenna with 
respect to free space. 

• On VHF and UHF antennas, the last factor does not 
affect antenna length appreciably. 

• Therefore need to use different equations for HF and 
VHF/UHF antenna lengths. 
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Antenna Length (2) 

• Above 30 MHz: 

– λ (meters) = 300 / freq (MHz) 

– λ /2 (meters) = 150 / freq (MHz) 

• Or 

– λ (feet) = 984 / freq (MHz) 

– λ /2 (feet) = 492 / freq (MHz) 
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Antenna Length (3) 

• Below 30 MHz: 

– λ (meters) = 286 / freq (MHz) 

– λ /2 (meters) = 143 / freq (MHz) 

• Or 

– λ (feet) = 936 / freq (MHz) 

– λ /2 (feet) = 468 / freq (MHz) 

• Remember: 

– The higher the frequency, the shorter the antenna 

– The lower the frequency, the longer the antenna. 
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Practical Notes on Antenna Length 

• Adding a series inductor to an antenna will 

decrease the Resonant Frequency. 

• This is often used to make a short vertical 

antenna appear “longer” in an electrical sense. 
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Practical Dipole Antenna (1) 

• Impedance approximately 73 ohms. 

• Advantages: 

– Cheap; 

– Easy to build; 

– Rugged; and 

– One feedline can serve several antennas. 

• Disadvantages: 

– Narrow bandwith; 

– Requires 2 supports, sometimes 3; 

– Must be fed at center; and 

– One band only. 
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Practical Dipole Antenna (2) 

50 or 75 ohm feedline 

Note: Often called a Doublet Antenna 
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Fan Dipole 
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Sloping Dipole 
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Inverted V Antenna 

• Variation of the Dipole. 

• Impedance approximately 50 ohms. 

• Advantages: 

– Requires only one support; and 

– Provides a better match to 50 ohm coax cable. 

• Disadvantages: 

– Those of a Dipole; and 

– The ends close to the ground present a safety hazard. 

Al Penney 

VO1NO 



Al Penney 

VO1NO 



Folded Dipole 

• A Full Wave Dipole that is folded back on itself. 

• Impedance approximately 300 ohms. 

• Usually used on VHF/UHF Yagi-Uda beams. 

• Advantages: 

– Broader bandwith than a dipole; 

• Disadvantages: 

– Requires 2 supports, sometimes 3 (except if VHF/UHF); 

– Must be fed at center; and 

– One band only. 
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Folded Dipole 
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Trap Dipole (1) 

• Traps isolate sections of the antenna, permitting 
multi-band use. 

• Advantages: 

– Multi-band operation. 

• Disadvantages: 

– Those of a Dipole; 

– Not as efficient as separate dipoles; 

– Weight of the traps makes it difficult to hold up; 

– Pattern can be distorted; and 

– Can radiate Harmonics (?). 
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Trap Dipole (2) 

A trap consists of a 

Capacitor and Inductor 
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Trap Dipole (3) 
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Trap Dipole (4) 
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End Fed Long Wire Antenna (1) 

• Should be as long (at least ¾ λ) and high as possible. 

• Must have a good ground. 

• Advantages: 

– Multiband; 

– Can bend to fit as necessary; and 

– Feedpoint is at the end. 

• Disadvantages: 

– Requires a matching unit; 

– Pattern difficult to predict; 

– High voltages on the antenna; and 

– RF present in the shack. 
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End Fed Long Wire Antenna (2) 
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Transmatch 
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Connecting a Transmatch 
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Transmatch Schematic Circuit 
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Yagi-Uda Antenna (1) 

• Driven Element, Reflector and one or more Directors 
(AKA Parasitic Elements) give gain and directivity. 

• Advantages: 

– Effective antenna; 

– Easily rotated; 

– Can be multi-band; and 

– Can be stacked for more gain. 

• Disadvantages: 

– Can be expensive; 

– Requires a tower and rotator; 

– Single bearing at a time; and 

– Wind and ice an enemy! Al Penney 
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Yagi-Uda Antenna (2) 

Director 

Reflector 

Driven Element 

Boom 
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3 Element Yagi-Uda Antenna 
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Wide Element Spacing on Yagi-Uda 

• Spacing the elements further apart (within reason) on 

a Yagi-Uda antenna gives three advantages: 

– Greater Gain; 

– Less critical tuning; and 

– Wider bandwith. 

• Computer programs exist that will optimize element 

spacing and lengths to provide maximum 

performance (0.2 wavelength spacing is close to 

optimum for a 3-element Yagi-Uda). 
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Trapped Yagi-Uda 

• Just as with dipoles, Yagi-Uda 

antennas can employ traps to 

enable the antenna to function 

on several different bands. 

• All elements must use traps – 

the Driven Element, Reflector 

and Directors. 
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Cubical Quad 

• Uses closed loops of approximately 1 wavelength. 

• Driven Element, Reflector and one or more Directors. 

• Advantages: 

– Effective, has gain and directivity; 

– Easily rotated; 

– Multiband; and 

– Lighter than a Yagi-Uda. 

• Disadvantages: 

– Weaker than a Yagi-Uda, 3D antenna; 

– Requires a tower and rotator; 

– Single bearing only; 

– Wind and Ice! 
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2 Element Cubical Quad 
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Cubical Quad Notes 

• In general, the performance of a 2-element 
Cubical Quad compares to a 3-element Yagi-
Uda antenna. 

• Cubical Quad polarization: 

– Feedpoint on side parallel to ground: Horizontal 

– Feedpoint on side perpendicular to ground: 
Vertical 

• The elements of a Quad can also be shaped as 
triangles, and called a Delta Quad. 
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Delta Quad 
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¼ Wavelength Vertical 

• Omnidirectional. 

• Requires a good ground (radials, groundplane). 

• Can use loading coils or capacity hats to reduce height. 

• Advantages: 

– Little space (?), easily disguised; 

– Omnidirectional, good groundwave coverage; 

– Low angle of radiation (with a good ground). 

• Disadvantages: 

– Omnidirectional; 

– Good ground an absolute must; and 

– Susceptible to man-made noise. 
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¼ Wavelength Vertical 

• Theoretical impedance is ½ 

that of a dipole, ie: 36 ohms. 

• By sloping radials down 

however, impedance can be 

brought closer to 50 ohms, 

providing a better match to 

50 ohm coax cable. 
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¼ Wavelength Vertical 
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Ground Plane Vertical 
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Trapped Vertical Antenna 

• Just as with dipoles and 

Yagi-Uda antennas, traps 

can be added to verticals to 

give multiband capability. 

• This example is a 

Cushcraft R7 vertical, 

covering 40m thru to 10M. 
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5/8 Wavelength Vertical 

• 5/8 Wavelength Vertical is often used for 

mobile stations because it (supposedly) has a 

lower angle of radiation, enabling more 

energy to reach distant stations (ie: more gain). 

• Because it has capacitive reactance a what is 

used at the feedpoint to cancel that capacitive 

reactance? 
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• An Inductor is used at the 

feedpoint to cancel the 

capacitive reactance of the 

5/8 wavelength vertical. 

 

5/8 Wavelength Vertical 
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Matching Feedline to the Antenna 

• There are several ways to match the feedline to 

the feed point of the antenna, including: 

– Attaching the coax or twinlead directly to the dipole 

element; 

– The T-Match; 

– The Gamma Match; and 

– The Hairpin Match. 

 

Al Penney 

VO1NO 



T Match 
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Gamma Match 
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Hairpin Match 
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Other interesting antennas… 
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Log Periodic Antennas 
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40m wire 

Log Periodic 

80m vertical 

wire Log 

Periodic 

2m “boomer” 

Satellite antenna 

array and 

Beverage RX 

antenna (out of 

photo) 

6m double 

Sloping Vee 
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Log Periodic Antennas 
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Tape Measure Yagi 
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Antennas for Space Communications 
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Rhombic Antenna 
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Sterba Curtain 
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Three bay Sterba Curtain for 6m 
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Three-bay Sterba Curtain 

for 40m, Whitehead Island,  

Bay of Fundy 
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Shunt Fed 

Vertical 
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2m Trans-Atlantic attempt, Marconi National Historic Site, Nova Scotia 

Rope Yagi-Uda Antenna 





Practical Antenna Construction 
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Questions? 
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