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Antenna Summary 
Chapter 9 

 
For Reactive Near Field Region R =.62�𝐿𝐿3/𝜆𝜆 & For Radiating Near Field Region R=2𝐿𝐿2/𝜆𝜆 
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Resistance or Circler wire of length l and radius a   

For Hertzian dipole: 

  (See derivation in Example 9.3) 
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For Half Wave Dipole:   

 

  

Two Approximations: 

1.  Also  (Magnitude Approximation) 

2.  (Phase Approximation) 
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Also  Xin = 21.25 
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For Wave length-long dipole :  
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For short Dipole:  For ay antenna:  

See example 9.4 for derivation of maximum power transfer. 
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  (Power transfer ratio)  
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Noise Level:  
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To satisfy the far – field condition:   

  

Note: Ea is the exciting field. 
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To satisfy Far field condition  Where  array length 

Two Approximations: 

1.   (Magnitude Approximation) 

2.    (Phase Approximation) 
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 >> (Derivation page 410&411) 
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For Electronic steering  >>  

                                                                       



 

 And   >>  

: 

 

: 

 

For Frequency Scanning;  

>> let   

>>  with  

 …Ignore 2π and its multiples (no influence of relative phases). 

(Using equation 125) 

 



Additional Formulas You Might Need: 

Voltage Reflection coefficient:  standing wave ratio:  (See problem 12)  

For Direct and Reflected Waves from antenna: 

  Direct: …Reflected  

 

>>  

  And:    Where  

(See problem 38) 
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EXECUTIVE SUMMURY: 

 

        Helical antennas have long been popular in applications from VHF to microwaves requiring 

circular polarization, since they have the unique property of naturally providing circularly 

polarized radiation.  

 

         One area that takes advantage of this property is satellite communications. Where more 

gain is required than can be provided by a helical antenna alone, a helical antenna can also be 

used as a feed for a parabolic dish for higher gains. As we shall see, the helical antenna can be an 

excellent feed for a dish, with the advantage of circular polarization.  

 

          One limitation is that the usefulness of the circular polarization is limited since it cannot be 

easily reversed to the other sense, left-handed to right-handed or vice-versa. [1] 
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Overview: 

          A helical antenna is an antenna consisting of a conducting wire wound in the form of 

a helix. In most cases, helical antennas are mounted over a ground plane. The feed line is 

connected between the bottom of the helix and the ground plane. Helical antennas can operate in 

one of two principal modes: normal mode or axial mode. 

In the normal mode or broadside helix, the dimensions of the helix (the diameter and the pitch) 

are small compared with the wavelength. The antenna acts similarly to an electrically 

short dipole or monopole, and the radiation pattern, similar to these antennas is omnidirectional, 

with maximum radiation at right angles to the helix axis. The radiation is linearly 

polarized parallel to the helix axis. 

In the axial mode or end-fire helix, the dimensions of the helix are comparable to a wavelength. 

The antenna functions as a directional antenna radiating a beam off the ends of the helix, along 

the antenna's axis. It radiates circularly polarized radio waves. [2] 

 

Geometry and Operation: 

          A sketch of a typical helical antenna is shown in Figure 1. The radiating element is a helix 

of wire, driven at one end and radiating along the axis of the helix. A ground plane at the driven 

end makes the radiation unidirectional from the far (open) end. 

 

 
 

Figure 1: A sketch of a typical helical antenna [1] 
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         The benefits of this helix antenna axial mode or end-fire helix are it has a wide bandwidth, 

is easily constructed, and has real input impedance. 

The parameters of the helix antenna shown in figure 2 are defined Next Page. 

 

 

Figure 2: Geometry of Helical Antenna. [3] 
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 D - Diameter of a turn on the helix antenna. 

 

 C - Circumference of a turn on the helix antenna (C=pi*D). 

 

 S - Vertical separation between turns for helical antenna. 

 

   - pitch angle, which controls how far the helix antenna grows in the z-direction per turn, 

and is given by 

 

  

 

 N - Number of turns on the helix antenna. 

 

 H - Total height of helix antenna, H=NS. 

          The antenna in Figure 2 is a left handed helix antenna, because if you curl your fingers on 

your left hand around the helix your thumb would point up (also, the waves emitted from this 

helix antenna are Left Hand Circularly Polarized). If the helix antenna was wound the other way, 

it would be a right handed helical antenna. 

          The radiation pattern will be maximum in the +z direction (along the helical axis in Figure 

1). The design of helical antennas is primarily based on empirical results, and the fundamental 

equations will be presented here. 

          Helix antennas of at least 3 turns will have close to circular polarization in the +z direction 

when the circumference C is close to a wavelength: 

 

 

           Once the circumference C is chosen, the inequalities above roughly determine the 

operating bandwidth of the helix antenna. For instance, if C=0.5 meters, then the highest 

frequency of operation will be given by the smallest wavelength that fits into the above equation, 

or =0.75C=0.375 meters, which corresponds to a frequency of 800 MHz. The lowest frequency 

of operation will be given by the largest wavelength that fits into the above equation, or 

=1.333C=0.667 meters, which corresponds to a frequency of 450 MHz. Hence, the fractional 

BW* is 56%, which is true of axial helical antennas in general. 
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 The fractional bandwidth of an antenna is a measure of how wideband the antenna is. If the 

antenna operates at center frequency fc between lower frequency f1 and upper frequency f2 

(where fc=(f1+f2)/2), then the fractional bandwidth FBW is given by: 

 

          The fractional bandwidth varies between 0 and 2, and is often quoted as a percentage 

(between 0% and 200%). The higher the percentage, the wider the bandwidth. 

 

             Wideband antennas typically have a Fractional Bandwidth of 20% or more. Antennas 

with a FBW of greater than 50% are referred to as ultra-wideband antennas; this means that 

helical antenna is an ultra-wideband antenna. 
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Impedance, Gain, and Radiation Pattern: 

       The helix antenna is a travelling wave antenna, which means the current travels along the 

antenna and the phase varies continuously. In addition, the input impedance is primarily real and 

can be approximated in Ohms by: 

 

 

          The helix antenna functions well for pitch angles ( ) between 12 and 14 degrees. 

Typically, the pitch angle is taken as 13 degrees. 

The normalized radiation pattern for the E-field components is given by: 

 

 

 

             For circular polarization, the orthogonal components of the E-field must be 90 degrees 

out of phase. This occurs in directions near the axis (z-axis in Figure 1) of the helix. The axial 

ratio for helix antennas decreases as the number of loops N is added, and can be approximated 

by: 

 

 

              The axial ratio is the ratio of orthogonal components of an E-field. A circularly 

polarized field is made up of two orthogonal E-field components of equal amplitude (and 90 

degrees out of phase). Because the components are equal magnitude, the axial ratio is 1 (or 0 

dB). 
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        The axial ratio for an ellipse is larger than 1 (>0 dB). The axial ratio for pure linear 

polarization is infinite, because one of the orthogonal components of the field is zero. 

 

          Axial ratios are often quoted for antennas in which the desired polarization is circular. The 

ideal value of the axial ratio for circularly polarized fields is 0 dB. In addition, the axial ratio 

tends to degrade away from the mainbeam of an antenna, so the axial ratio may be indicated in a 

spec sheet (data sheet) for an antenna as follows: "Axial Ratio: <3 dB for +-30 degrees from 

mainbeam". This indicates that the deviation from circular polarization is less than 3 dB over the 

specified angular range. 

         The gain of the helix antenna can be approximated by: 

 

          In the above, c is the speed of light. Note that for a given helix geometry (specified in 

terms of C, S, N), the gain increases with frequency. For an N=10 turn helix, that has a 0.5 meter 

circumference as above, and pitch angle of 13 degrees (giving S=0.13 meters), the gain is 8.3 

(9.2 dB). 

For the same example helix antenna, the pattern is shown in Figure 3: 

 

Figure 3: Radiation Pattern Helical Antenna. [3] 
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The Half-Power Beamwidth for helical antennas can be approximated (in degrees) by: 

 

The Beamwidth between nulls is approximately: 
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CONCLUTIONS: 

 Helical antennas have long been popular in applications from VHF to microwaves 

requiring circular polarization. 

 

 A helical antenna is an antenna consisting of a conducting wire wound in the form of 

a helix. 

 

 In the normal mode or broadside helix, the dimensions of the helix (the diameter and 

the pitch) are small compared with the wavelength. The antenna acts similarly to 

an electrically short dipole or monopole. 

 

 In the axial mode or end-fire helix, the dimensions of the helix are comparable to a 

wavelength. The antenna functions as a directional antenna radiating a beam off the ends 

of the helix, along the antenna's axis. It radiates circularly polarized radio waves. 

 

 The benefits of this helix antenna axial mode or end-fire helix are it has a wide 

bandwidth, is easily constructed, and has real input impedance. 

 

 The helix antenna is a travelling wave antenna, which means the current travels along the 

antenna and the phase varies continuously. 

 

 The fractional Bandwidth of helical antennas is 56%. 

 

  One limitation of helical antennas is that the usefulness of the circular polarization is 

limited since it cannot be easily reversed to the other sense, left-handed to right-handed 

or vice-versa 
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Overview: 

A helical antenna is an antenna consisting of a conducting wire

wound in the form of a helix. In most cases, helical antennas

are mounted over a ground plane. The feed line is connected

between the bottom of the helix and the ground plane. Helical

antennas can operate in one of two principal modes: normal

mode or axial mode.



Normal mode or Broadside helix

In the normal mode or broadside helix, the dimensions of the

helix (the diameter and the pitch) are small compared with

the wavelength. The antenna acts similarly to an electrically

short dipole or monopole, and the radiation pattern, similar to

these antennas is omnidirectional, with maximum radiation at

right angles to the helix axis. The radiation is linearly

polarized parallel to the helix axis.



Axial mode or End-fire helix

In the axial mode or end-fire helix, the dimensions of the helix

are comparable to a wavelength. The antenna functions as

a directional antenna radiating a beam off the ends of the

helix, along the antenna's axis. It radiates circularly

polarized radio waves.

The benefits of this helix antenna axial mode or end-fire helix

are it has a wide bandwidth, is easily constructed, and has real

input impedance.



Geometry and Operation

· D - Diameter of a turn on the helix antenna.

· C - Circumference of a turn on the helix 

antenna (C=pi*D).

· S - Vertical separation between turns for 

helical antenna.

·  - pitch angle, which controls how far the 

helix antenna grows in the z-direction per turn, 

and is given by

· N - Number of turns on the helix antenna.

· H - Total height of helix antenna, H=NS.



Geometry and Operation

The radiation pattern will be maximum in the +z direction

(along the helical axis).

The design of helical antennas is primarily based on empirical

results, and the fundamental equations will be presented here.

Helix antennas of at least 3 turns will have close to circular

polarization in the +z direction when the

circumference C is close to a wavelength:



Impedance, Gain, and Radiation Pattern

The helix antenna is a travelling wave antenna, which means

the current travels along the antenna and the phase varies 

continuously.

In addition, the input impedance is primarily real and can 

be approximated in Ohms by:



The helix antenna functions well for pitch angles (    ) between 

12 and 14 degrees. 

Typically, the pitch angle is taken as 13 degrees.

The normalized radiation pattern for the E-field components 

is given by:

Impedance, Gain, and Radiation Pattern



For circular polarization, the orthogonal components of the 

E-field must be 90 degrees out of phase. 

This occurs in directions near the axis (z-axis in Figure 1) 

of the helix. The axial ratio for helix antennas decreases 

as the number of loops N is added, and can be approximated 

by:

Impedance, Gain, and Radiation Pattern



The axial ratio is the ratio of orthogonal components of an 

E-field. A circularly polarized field is made up of two

orthogonal E-field components of equal amplitude 

(and 90 degrees out of phase). 

Because the components are equal magnitude, the 

axial ratio is 1 (or 0 dB).

Impedance, Gain, and Radiation Pattern



The gain of the helix antenna can be approximated by:

Impedance, Gain, and Radiation Pattern

In the above, c is the speed of light.

For an N=10 turn helix, that has a 0.5 meter

Circumference as above, and pitch angle of 13

degrees

(giving S=0.13 meters), the gain is 8.3 (9.2 dB).



For the same example helix antenna, the pattern is shown

in the figure :

Impedance, Gain, and Radiation Pattern



The Half-Power Beamwidth for helical antennas can be 

approximated (in degrees) by:

The Beamwidth between nulls is approximately:

Impedance, Gain, and Radiation Pattern



The End 

Any Question ?
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