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TERMINAL LEARNING OBJECTIVE: Provided a mission, concept of operations, designated equipment, and references; supervise the operation of a single channel radio system in accordance with the references.  (2591.3.4)

ENABLING LEARNING OBJECTIVE:  The Senior Course Training Section (SCTS) has received permission to omit published ELO's from its student handouts. SCTS will continue to follow the ITS process in that the Program of Instruction (P0I) will be used to determine training requirements, and that all tests administered will follow the ELOs contained within the appropriate P0I. All material within the lessons will continue to support the P0I and ITS's.

REFERENCE:

1.  ECAC-CR-83-200, Field Antenna Handbook

2.  ECAC-CR-82-125, HF Predictions Manual

3.  FM  24-18, Communications Techniques

1.  ANTENNA CONCEPT, TERMS AND DEFINITIONS: With any radio system, the capabilities are limited by the design of the system. The radio will only put out so much power, but power is not necessarily the answer to establishing or maintaining a difficult radio circuit.  Operator training, equipment maintenance and employing a radio systems to maximize the systems capabilities and minimize the factors that have a negative impact on the radio circuits, will give us the best chance of success.    


Frequently field expedient antennas are considered as only a temporary fix for a broken component antenna, but in reality, the use of  field expedient antennas can greatly enhance our radio systems.  Key in obtaining optimum performance from the systems we use is understanding the basics of how they work and how to improve them.  

   
In order to properly use field expedient antennas, you must understand some basic concepts of antennas.  The obvious purpose of an antenna is to accept  RF energy from the transmitter and radiate it in the direction of the distant station.  We will begin with looking at what affects how an antenna radiates energy.  
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A.   HOW AND ANTENNA RADIATES ENERGY:   A basic antenna is nothing more than a conductor.  For our discussion we will consider a piece of wire as our antenna.  When RF energy is fed into this wire, how the RF energy is than radiated into the atmosphere is primarily a function of its length relative to the wave length of the frequency applied.  If our wire in our example is 1/2 wavelength of the operating frequency or less.  The RF energy radiated by the wire will be primarily perpendicular to the wire in all directions, as shown in figure 5-2A.  Even though energy radiated by an antenna may be in a specific direction(s), the energy actually is a lobe or lobes of energy rather then a beam. 








Several things can be done with the energy radiated from the wire after it leaves the wire, but it leaves the wire at the perpendicular angle when the conductor is 1/2 wavelength or less.

Figure  5-2A


If  we start to make the antenna longer than 1/2 wave length, of the operating frequency, the direction of the energy being radiated begins to migrate from perpendicular to the wire, to angles increasing closer to the axis of the wire (figure 5-2B).  This migration is in both directions towards the end of the wire, creating two cone shape lobes.  This migration in directions of the energy towards the axis angle of the wire continues as the length increases.  At the point when the wire is 2 wavelengths long, the maximum energy is being radiate at an angle of  30 degrees from the ends of the wire.  As the length of the wire is still increased the energy lobes radiate at even closer angles to the wire, focusing more and more energy in a direction of the length of the wire.  The donut radiation pattern of the 1/2 wavelength antenna has become two cones of energy radiation with a longer wire, which can be directed in the direction necessary for communications.  The minor lobes of energy in directions other than the primary lobes are generally not used for communications.
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Figure  5-2B

                    B.  ANTENNA CHARACTERISTICS - TERMS AND DEFINITIONS::   Different types of antennas have different characteristics which may make them ideal or detrimental in establishing and maintaining communications.  



1.)   RECIPROCITY:  Various properties apply to both transmitting and receiving antennas.  Thus, the more efficient the antenna is for transmitting, the more efficient it will be for receiving.  The impedance, gain and the radiation /receiving pattern will be identical whether the antenna is used for transmitting or receiving.   Through the following material, antennas are generally referred to in the transmitting mode but similar characteristics for receiving can be assumed.



2.)   ANTENNA RADIATION PATTERN:  All antennas have a radiation pattern, which is, in what direction(s) both in the horizontal plane and vertical plane is the energy being radiated.  The "antenna pattern" is a graphic representation of the radiation pattern, usually depicted in either the horizontal plane or vertical plane due to the difficulty in displaying a 3d picture that also illustrates the scaling of how well its radiating in a given direction.  Refer to figure 5-2C and notice that it is relatively easy to combine the information of both the vertical and horizontal patterns and understand the elevation and direction that the main radiation lobe is being radiated.  
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Figure  5-2C

Since different antennas have different radiation patterns, antenna patterns can assist in selecting and employing an antenna properly.  Care must be taken when using graphic radiation patterns as an antennas' radiation pattern will change if the antenna remains the same  (dimensions) but the frequency changes.  Frequently a radiation pattern is shown for a "generic" size antenna operating at one or several distinct frequencies.  When one pattern is used to display several frequencies, and if that particular type and size antenna were to be used, the radiation pattern of the actual operating frequency can be estimated by relating it to the patterns of the frequencies shown.



3.)   DIRECTIVITY AND DIRECTIONAL CHARACTERISTICS:  Antenna directivity is classified according to how they radiated energy in the horizontal plane.  The three classification are Omni-Directional, Bi-Directional and Uni-Directional.




a.)  Omni Directional antennas radiate energy equally in all directions of 



    the compass.




b.)  Bi-Directional antennas radiate energy in 2 main lobes in opposite 



   directions.




c.)  Uni-Directional antennas radiate energy primarily in one direction.



4.)   TAKE-OFF ANGLE (TOA):  Take-Off Angle is the elevation angle in which the energy is being radiated from the antenna in the vertical plane.  The term Take-Off Angle can also be used  to reference the required path for a predicted circuit.



5.)   POLARIZATION:  An Electromagnetic wave has two components, which are, an electrical field and a magnetic field.  These two fields are always perpendicular to each other.  (see figure 5-2D below).  Polarization is the direction of the electrical component of the wave in relation to the surface of the earth.  In figure 2-5D, the signal shown would have a vertical polarization.  A waves polarization is initially determined by the design and orientation of the transmit antenna, but is not necessarily the direction of the antenna itself.     
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                                                                 Figure  5-2D  


As stated, the polarization of a transmitted wave is determined by the design and orientation of the transmit antenna.  Likewise, the design and orientation of the receive antenna determines how the receive antenna will best receive an incoming wave.  When the receive antenna is orientated so that the electrical field lines of force reach the antenna the way that the receive antenna is "looking" for it, maximum energy is received by the antenna.  Normally, this means that the transmit and receive antennas should be the same polarization for best performance.  When polarization does not match, a condition of cross polarization exists and extreme losses are experienced.  An exception to this rule is that in skywave propagation, the wave polarization is usually change to various degrees when it is refracted by the ionosphere.  With skywave communications, the type of polarization is normally a result of choosing the best radiation pattern for the circuit.




There are a number of types of polarization, the most common of which are Horizontal and Vertical polarization.  Polarization is not only important in order to avoid cross polarization, but also there are advantages to different the types of polarization in different situations.

                             a.)  ADVANTAGES OF VERTICAL POLARIZATION:




(1).  Generally, vertical polarized antenna provide omni directional communications, which is frequently required for tactical circuits.





(2).  When antenna heights are limited (10 ft or less) over land, vertical polarization provides a stronger received signal at frequencies up to approximately 50 MHz.  From about 50 MHz to 100 MHz, there is only slight improvement over horizontal polarization with antennas at the same height.  Above 100 MHz the difference in signal strength is small, however, when antennas are located near dense forests, horizontal  polarized waves suffer lower losses than vertically polarized waves.





(3).  Vertically polarized waves are somewhat less affected by reflections from aircraft flying over the transmission path.  With horizontal polarization, such reflection cause variations in signal strength, which can be an important factor when operating near areas with heavy aircraft traffic.





(4).  Vertical polarization receives less VHF and UHF transmission from horizontally polarized TV and FM Broadcasts, which can be a factor when operating in urban areas.




b.)  ADVANTAGES OF HORIZONTAL POLARIZATION:   





(1).  Less likely to pick up man-made interference.





(2).  Horizontal polarized waves suffer less loss when operating among dense forests, especially above 100 MHz.





(3).  Small changes in antenna location does not cause large variations in the field intensity of horizontally polarized waves when the antenna is located among trees or buildings.



6.)   ANTENNA GAIN:  Antenna Gain is a measure of how well an antenna radiates the RF energy fed to it, in a specific direction(s), compared to a reference antenna.  Antenna Gain considers efficiency and directivity and is expressed  in dB.   




a.)  GAIN REFERENCE ANTENNAS:   The reference antenna can be any antenna, but the most commonly used are listed below.





(1).  Gain listed as dBi is a comparison with an isotropic antenna.  An isotropic antenna is a theoretical mathematical antenna.  This is the most common form of gain used.





                                                                                                                                                        (2).  Gain listed as dBd is a comparison to a dipole isolated in space.  The gain of this antenna is 2.14 dB greater than an isotropic antenna.  





(3).  Gain listed as dBv is a comparison to a linear conductor, much shorter than one quarter wavelength, normal to the surface of a perfectly conducting plane which contains the given direction.




b.)    USING GAIN:   Gain is used in mathematical formulas and computer programs when computing circuit reliability.  Antenna Gain is also used to aid in selecting an antenna for a particular situation.  Radiation patterns usually show a scaling of gain for various azimuths or elevations.  A set of antenna patterns can be used to select a type of antenna that has maximum "gain" in the desired azimuth and elevation angle.  Higher gain for the direction required will allow a greater signal strength to reach the intended receiver and will thus improve the S/N (Signal to Noise ratio) and signal quality.  



7.)   EFFICIENCY:  Efficiency of an antenna is how well is it radiating the power fed to it in the desired direction.  A totally efficient antenna radiates 100% of the power fed to it in the direction desired for the circuit.  Unfortunately there are many things preventing this and causing energy to be lost as heat, or to be reflected back into the radio.  In many cases, such as with component antennas like whips, efficiency is sacrificed for flexibility.  Properly designed and constructed field expedient antennas can maximize efficiency.



8.)   IMPEDANCE:   Impedance is a measure of how difficult it is for current to flow through a conductor.  Although  impedance might be viewed as resistance, it is comprised of more than just the resistive value of the conductor.  As energy flows through a conductor, there are many phenomena occurring, such as resistance, reactance, inductance; all of which create impedance.  Components of a radio system, such as the transmitter, transmission line, and antenna have characteristic impedance.  Impedance is important because systems work best when the various components (transmitter, transmission line and antenna) are operating at the same impedance.  When impedance are not the same between components of an operating system (Impedance mismatch) high losses of energy occurs and energy can be reflected at the transmitter.  The larger the mismatch the larger the loss of energy.  There are several components and techniques that can be used to minimize the detrimental effects of impedance mismatch.




a.)  Components of the same characteristic impedance should be used when ever possible.  It is very difficult to perfectly match all components with the same impedance, but component impedance should be as close as possible.   



  


b.)  Couplers / Tuners: Some military tactical radios are equipped with couplers or tuners, which electrically compensate for impedance mismatches between the radio and the antenna or transmission line. This can provide the ability for the radio to operate with severe impedance mismatches but will not necessarily improve the performance of the antenna.




c.)  Baluns:  A balun can be used to match impedance values between an antenna and transmission line.  
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d.)  Coaxial Choke:  A coaxial Choke is a technique that can be used when using coax cable as a transmission line but a balun is not available.  The coaxial Choke is constructed by simply forming ten - 6 inch coils in the coax at the point where the antenna is connected. (see figure  5-2E )  This does not correct impedance mismatch, but will reduce energy reflected back to the transmitter.

Coaxial Choke

Figure  5-2E



 9.)   SWR - STANDING WAVE RATIO:  SWR is the ratio of the maximum to minimum amplitudes of voltages, or current along a transmission line.  The optimum SWR is 1:1, but realistically, the best that can be expected is 1.1 : 1.   A high SWR causes energy to be reflected back to the transmitter.  In some radios, the power output of the transmitter will be automatically lowered if the SWR is to high.  A SWR of 2:1 is normally acceptable, however, the operator's manual for the particular radio in use should be checked to determine the maximum SWR that the radio can tolerate. 


Some of  the causes of a high SWR is impedance mismatch or using an antenna incorrectly.  The goal of a communicator is to minimize the SWR to as low as possible.  Many tactical radios are equipped with antenna couplers or antenna tuners between the transmitter and antenna.  This device makes the transmitter think that it is connected to a low SWR antenna, and the transmitter can deliver its full power.  This protects the radio, BUT DOES NOT improve the antenna efficiency.  Some radio systems have SWR meters, or an In-Line Watt Meter can be used to measure the relationship between power flowing to the antenna and power reflected back to the transmitter.



10.)   BAND WIDTH:   Bandwidth of an antenna is the frequency range that a particular constructed antenna will perform satisfactorily.  An antenna works best for one frequency, the frequency which it was designed and constructed for.  Use of the antenna for any other frequency will cause a change/loss in performance.  It is possible to use an antenna beyond what it was designed for, but if a radio circuit is boarder line quality, use of an antenna other than one specifically constructed for the particular frequency and circuit may prevent communications.  


The band width of an antenna is dependent on the type of antenna and the performance required.   The biggest change in characteristics and performance of the antenna is primarily in the impedance or the radiation pattern.


"Short" antennas, such as whips and dipoles, will normally have little to no change in the radiation pattern as frequencies change, but the impedance value will change drastically.  In the case of long antennas, such as a sloping long wire or rhombic, the impedance value changes very little as the frequency changes, but the radiation pattern is affected.


Loss in performance of the antenna is directly related to the variance from the intended operating frequency.  The further from the intended frequency, the higher the loss in performance.  This loss in performance is more drastic when attempting to operate with frequencies lower then the intended frequency .  In view of this, if an antenna is to used for more than one frequency, it should be designed and constructed for the lower frequency.



11).  GROUND EFFECTS:
 The surface of the earth (the ground and terrain) can have a great effect on how an antenna works.  It can affect the impedance of the antenna, the radiation pattern, and the efficiency of the antenna and of the system. The free space radiation pattern and the impedance of an antenna are modified when the antenna is placed near the ground. The characteristics change is small for antenna located at least one wavelength above ground, but the change becomes greater as the height is reduced.


Horizontal Dipoles have their radiation pattern affected greatly by ground effect.  The affect varies as the height above the ground varies.  When a Horizontal dipole is located a wavelength or greater above the ground, it is generally not affected by the ground.  As the antenna is lowered, the ground affects the radiation pattern.  The figure below shows the effects [image: image12.wmf]ANTENNA WIRE
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Figure  5-2F


Vertical antenna radiation patterns are generally unaffected by ground effect but may rely on the ground as a component to its efficiency.  When a vertical whip is placed with its feed point next to the ground, and a good ground to the earth is established, the earth below the antenna acts like a large mirror and supplies another 1/4 length.  In effect, the quarter wave vertical antenna acts like a half wave antenna which is more efficient.  If the ground conditions are poor, the use of ground radials as described later, can be used for the same effect.  Vertical half wave dipoles or ground plane antennas do not rely on the ground to provide this mirror effect, therefor they can be raise above the ground to maximize range.

2.   ANTENNA SYSTEM COMPONENTS:



A.   TRANSMISSION LINES:  A transmission Line is the means of connecting an antenna to a radio in cases when the antenna is not directly connected to the radio.   There are numerous types of transmission lines, each with different characteristics and use.  All transmission lines will cause a loss in power as it conducts the RF energy between the radio and the antenna, but with a knowledge of transmissions we can take steps to minimize the negative impact that the transmission line can have. 


The two primary characteristics of transmission lines that we will be concerned with are the characteristic impedance and the line loss of the type of transmission line for the frequency we are using.

                   1.)   The characteristics impedance of transmission line is dependent on the type of transmission line that it is.   As discussed earlier,  Impedance mismatches between the various components of a radio system reduces the efficiency of the system.  When ever possible, a transmission line of characteristic impedance as close to the system should be used.  When a coupler, antenna tuner or balun is being used, the transmission line impedance should obviously be that of which it is directly connected to and not the coupler, tuner or balun.


The most common types of Coax Cable (RG-8, RG-58, RG-214, RG-213) have an impedance of 52 Ohms.



2.)   Line loss caused by the transmission line can be extensive.  The following are general guide lines when using transmission lines. 




a.)   Use larger diameter transmission lines when possible.  Small transmission lines such as RG-58 may be necessary in some cases but the line loss incurred by the smaller cable can be extensive.




b.)   Use shorter length when possible.  The total line loss incurred by the transmission line is directly proportional to the length.  The longer the cable the higher the loss.




c.)   Use care when routing transmission lines.  The transmission line can receive interference from out side sources or may negatively impact the radiation pattern of the transmitted signal.  Transmission lines should be routed perpendicular to emitting antenna elements or any source of electrical interference such as electrical power cables.


B.   BALUNS:  A balun is essentially an electrical coil which is used to match the impedance between an antenna and the radio/transmission line that feeds it.  By using a balun and matching the impedance (or minimizing the mismatch) the systems efficiency is greatly improved.  Baluns are classified as to the ratio in which it changes the impedance from the cable side to the antenna side.  The two most commonly used baluns have a ratio of 2:1, used with dipole antennas, and 12:1 for use with long wire antennas.  Most military radios operate at an impedance value of 50 Ohms.  A dipole antenna has a characteristics impedance of 100 ohms.  The use of a 2:1 balun matches the two different impedances.  Likewise, a longer wire antenna with a characteristic impedance of 600 ohms, the 12: 1 baluns matches the impedance (12 x 50 = 600 ohms).  There are many manufacturers and models of baluns, but care must be taken to ensure that a balun to be used with a high power system can handle the power output of the transmitter.  

C.   REFLECTORS AND DIRECTOR:   How energy is radiated from a wire conductor (antenna or antenna element) is primarily a factor of its length, but several things can be done with that energy after it is radiated from the wire.  One way to optimize the use of the energy radiated by an antenna is to focus the energy that is radiated in directions not required to communicate, to directions that are required.  This can be done with Reflectors and Directors;



1.)   Reflectors, like their name implies, reflect RF energy that would normally travel in a direction not required and sends it back in the direction in which communications is desired.  A parabolic dish can be considered a reflector, but more appropriately for field expedient antennas, the rear elements of a YAGI antenna are reflectors.  The efficiency of  simple reflectors is a factor of the reflectors size and positioning, relevant to the emitting element.  Reflectors are not physically connected to the transmitter or receiver, they are isolated.  
As stated, the efficiency of a reflector is dependent on its size and position.  Reflectors are normally used with "short" antennas such as a 1/2 wave dipole.  In the case of a YAGI antenna, a reflector is 1.05 times the length of the emitter (1.05 x 1/2 wavelength), and positioned 1/4 wave length from the emitter in the direction opposite of the direction of communications.  Size and position are important, as improper length or positioning may actually cause the reflector to weaken the intended signal.  



2.)   Directors, also like their name implies, direct energy in a particular direction.  Again, in the YAGI antenna, a director is not physically connected to  the radio or emitter but is isolated.  The size and position again are important.  A YAGI director is .95 times the length of the emitter (.95 x 1/2 wavelength) and positioned 1/4 wavelength from the emitter in the direction that communications is desired.  The use of  one reflector and one director with a 1/2 wave dipole will cause it to be uni-directional and greatly increase the gain in the direction of communications.



3.)   When using a whip antenna, it may be possible to use existing metal structure (tower or building) as a reflector.  This will require some experimentation with the location of the antenna in relation to the structure to find if there is a point where the structure properly reflects the signal.  

C.   TERMINATING RESISTORS:   Long wire antennas (1 wavelength or longer) are characteristically bi-directional antennas due to the two cone shape lobes of radiated energy described above.  This bi-directional characteristic can be changed to UNI directional by use of a terminating resistor.  When a resistor is used with a long wire antenna, the radio feeds the antenna at one end and the resistor is physically and electrically connected to the other end of the antenna.  The resistor is then connected to ground in the direction which communications is desired.  This resistor causes the energy that normally is reflected back from the end of the wire to be routed to ground, eliminating the lobe(s) of energy in the direction of the radio feed point.  Now with only the lobe of radiation towards the resistor end of the wire the antenna becomes uni-directional.  This does not increase the energy being radiated in the one direction, but it does eliminate or minimize the interfering energy being received from other directions, therefor improving receive comm from distant stations in the direction of the resistor and further lessens EW threat.


When using resistors the resistive value should be the same as or close to the characteristics impedance of the antenna being used.  The wattage handling capability should be at least 1/2 the power output of the transmitter.  There are many different types of resistors; made from various materials, various resistive values and power handling capabilities.  It is extremely difficult to find a single resistor which will meet the required resistance and power handling capability necessary for an application.  Normally what must be done is combine several resistors in parallel or series (or both) to obtain the proper values.  For example, if a AN/PRC-104 (20 watts) is to be used with a sloping long wire antenna (characteristics impedance 600 ohm) the resistor that should be used should be rated  600 ohms and 10 watts.  If the only resistors available are 200 ohm 5 watt; 2 sets of  3 resistors placed in series to obtain the 600 ohm resistance, placed in parallel would provide the correct resistance and power handling capability (figure 5-2G).
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                                                    Terminating Resistor Configuration

Figure  2-5G 

D.   GROUND RADIALS/GROUND SCREEN/GROUND PLANE:  
When a vertical quarter-wave antenna or whip antenna has its base on the ground, the earth below the antenna can create an image antenna which then causes the antenna to simulate the performance of a larger antenna.   This requires a good ground connection and a relatively conductive earth surface.  When unfavorable conditions exists, such as desert soil, the system operation can be improved by utilizing Ground Radials


Ground radials (Ground Screen, Ground plane), are simply wires laid out on the ground radially from a ground stake and attached to the ground of the radio.  It is not necessary to ground the outboard ends of the wires.  If possible, the wire should be made as long as 1/4 wavelength of the lowest operating frequency.  If this is not practical, any length will provide improvement.  There is no set number of radial wires to have, but the more the better.  The antenna, or radio with the antenna mounted on it, should be placed as close to directly over the grounding rod as possible.  


Although ground radials provide improvement in the performance of quarter-wave and whip antennas, do not sacrafice a significant height advantage to use them.  
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Figure  2-5H
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With vehicle mounted radios, the vehicle provides a limited ground plane.  Maximum performance with vehicle mounted radios tends to be in the direction  across the length of the vehicle, as shown in figure 2-5I.  Caution must be taken when camouflage netting is used on operating communications equipment.  Radar scattering camouflage netting will affect the radiation pattern of the antenna and can easily obstruct the required signal path.   

                                                              FIGURE 2-5I

Vehicle Effect on Antenna Radiation

3.   ANTENNA SELECTION:  Antenna selection is accomplished by considering what will affect the circuit/net, what negative effects can be minimized and what positive characteristics can be utilized to enhance the circuit/net.   Selecting an antenna for a specific situation must include consideration of the following:

  CONSIDERATION




REMARKS
  1.  What directional characteristics are 
                    
When possible, using bi-directional or uni-

  required. Will the distant stations be                         

directional antennas will normally provide 

  mobile?
                                                                       




increased gain then omni-directional 

  

 ,                                                                                  




antennas.  

  2.  What take off angle is required for the                 

An antenna  should concentrate its radiation

  circuit/net.                                                                  





in the desired direction and take off angle






                                                                                     

for the circuit.  Can the antenna selected be 





                                                                                     

orientated so that this is achieved.

  3.  What, if any obstructions are there in
                    
If there are obstructions, can moving the 

  the path to distant stations.                                         
antenna to different position minimize  



.                                                                                     




the effect.  Should a different polarization 







 .                                                                                      be used. (i.e.; Horizontal polarization   .          .                                                                                      works 







better than vertical when . ….       ….                                                                                  communicating 







through dense trees.

 4.  What polarization will the stations on 
                  
How can the advantages of the different

  the circuit/net be using.

                                              

polarization enhance the circuit/net.


.                                                                                    





Cross polarization between stations must .                                                                                                      .                                                                                     be 







avoided.

  5.  Will the antenna have to operate on   
                   
Field Expedient antennas work best for one

  different frequencies.               

                                   frequency.  How well it works beyond the 







.                                                                                     intended frequency is normally dependent 







.                                                                                      .                                                                                     on the type of antenna.

  6.  Are the materials required to build the                 

Some antennas will require significant

  desired antenna available.                                          



materials to construct, especially masts/








.                                                                                    supports.

  7.  Is there space to construct the antenna.

                Some antennas are very large.Obstructions 
  Can natural features, such as trees, be used
                 
in the path for the take off angle must be 
  to support and orientate the antenna.

                           considered.

  8.  Will the site move frequently.Can 

                      Some antennas may be practical for semi-       the selected antenna be built with the 
                         permanent sites but impractical for a unit   available personnel and in a timely manner.               
that moves frequently. 

 9.  Can the antenna be constructed


                            When possible, antennas should be 

  ahead of time.                                                           




constructed before a unit deploys to the 






            .                                                                                   field.  Components can be cut and 








 . . . . . . . . .                                                                                 assembled so that all that needs to be done is 




.                                                                                   

setting up the antenna.

4.   FIELD EXPEDIENT MATERIALS:

A.  ANTENNA WIRE:  The antenna itself can be constructed from any electrically conductive material; i.e., slash wire, barb wire, metal pipe, rain gutter,etc).  Although any conductive material can be used, multi strand copper wire of 18 gauge or better, provides the best performance and convenience.  There has been cases when communicators used existing rain gutters on buildings or pipe work in buildings and established communications, but care must be used to ensure that personnel and equipment are protected.  


B.  INSULATORS:  Insulators can be any material which is not electrically conductive.  The best insulators are made of glass, plastic or rubber.  Rope and wood can be used, as the generally are non-conductive when they are dry, but because they can absorb or hold water, the quickly loose their insulating value when wet.  A larger variety of insulators are available in the supply system, or they can be fabricated, such as from MRE spoons, Plexiglas, or the tops of glass bottles (figure 2-5K).  In many cases the insulator must be capable of supporting the weight of the antenna, which should be considered when selecting the insulator.
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Figure  2-5K


C.  MASTS/ SUPPORTS:  
Masts or supports are simply the means to support the antenna.  This can range from a tree to PO-2 poles.  Ideally, masts or supports should be non-conductive material to minimize any effect they may have on the radiation pattern of the antenna.  If a conductive material is used as a mast/support, such as hanging an antenna from a metal tower,  the antenna should be extended away from the tower as far as possible with the mast between the antenna and the direction for which communications is least required.


D.  TRANSMISSION LINES:  Normally manufactured transmission line is available and should be used, as field expedient transmission lines normally have extremely high loss.  There are a wide variety of adapters which will accommodate interfacing the cable and the other components.  Field expedient transmission lines can consist of any conductive material, but most commonly used is WD-1 slash wire.  


E.  GROUND RADIALS:  Ground radials can enhance the performance of whip antennas previously discussed.  Ground radials can be constructed from any conductive material, but the use of WF-16 or WD-1 is normally available and is easy to work with.

[image: image17.wmf]MRE  SPOON

NYLON ROPE

RUBBER OR CLOTH (DRY)

BUTTON

BOTTLE  NECK

WOOD  (DRY)

PLASTIC  BAG


F.  RESISTORS:  Resistors are available in the supply system and can be combined in series and/or parallel to provide the necessary resistance and power handling capability.  A field expedient resistor can be constructed using a DEAD CARBON battery by inserting a nail in each end of the battery.  Care must be taken so that the nails do not short out against each other or the center core of the battery.  These type of resistor will provide a resistance of approximately 400 to 600 ohms.  The resistive value will change over time (weeks), making them some what perishable.

Carbon Battery Resistor

Figure   2-5L


5.   FIELD EXPEDIENT ANTENNA CONSTRUCTION:


A.   ANTENNA WAVELENGTH FORMULAS:  Key to constructing field expedient antennas is using the formula for finding the length of the antenna wire.  Having the appropriate length of antenna wire will ensure the best performance from antennas that are constructed.  The actual length of wire to use will be determined by the type of antenna to be constructed, but what ever the antenna , the length is relevant to the wave length of the operating frequency.


Radio waves in free space  travel at the speed of light, when RF energy is applied to an antenna it must travel through the material of the antenna and the speed is changed.  The following formulas take this fact into consideration and should be used for computing the length of antenna wires.



1. )   Formula for 1/4 wavelength is:  









234 divided by the Frequency in MHz = 1/4 Wavelength in feet.




[234     Frequency (MHz)=   1/4 (ft)]




Example # 1:  1/4   for 3 MHz is;   234  3 = 78 ft




Example #2:  1/4   for 30 MHz is;  234    30 = 7.8 ft



2.)   Formula for 1/2 wave length:  Obviously, the distance for 1/2 wavelength 


    can be obtained by using the formula for 1/4 wavelength and simply multiply 


    the answer by 2.  Or the following formula can be used:




468 divided by the Frequency in Mhz = 1/2 wave length in feet




      [ 468    Frequency (MHz) = 1/2    (ft) ]




Example # 1;  1/2 for 3 MHz is;   468    3 = 156 ft




Example # 2;  1/2   for 30 MHz is;  468    30 = 15.6 ft



3.)   Formula for 1 wave length:  Again, to compute the length of one full wave 


    length one of the above formulas could be used and the answer multiplied by 4 


    (if using the quarter wave formula) or multiplied times 2 (if the 1/2 wave 


    formula was used).  The formula to compute one wavelength directly is ; 





 936 divided by the Frequency in MHz = 1 wavelength in feet.





[ 936    Frequency (MHz) = 1 (ft)




Example # 1;  1 wave length for 3 MHz is:  936    3 = 312 ft




Example # 2:  1 wave length for 30 MHz is: 936   30 = 31.2 ft


B.  DIPOLE:  Also known as a "Doublet", dipoles are frequently used due to their simplicity and the various configurations in which it can be used.  The dipole can be used as a horizontal dipole or vertical dipole.



1.  CHARACTERISTICS:  All dipoles have a characteristic impedance of approximately 100 ohms.   




a.)   Horizontal Dipole:   The horizontal dipole can be used for HF or VHF, but it is important to remember the Ground Effects on the radiation pattern, and the dimensions that would be involved with HF frequencies.  When the antenna is placed close to the ground (1/4 wave length or less from the ground) the radiated energy is concentrated in an upward lobe making it ideal for NVIS communications.  For this high take-of-angle it is possible to have the antenna very near the ground supported by what every is available (i.e. busches/ shrubs).  

         VHF circuits normally require a low take-off-angle, making a horizontal dipole close to the ground inappropriate.  To achieve a bi-directional, horizontally polarized signal the antenna must be raised to a point 1/2 wavelength or higher above the ground.  This is usually impractical for HF frequencies with their long wave length, but is often achievable with VHF if the circuit requires bi-directional, horizontal polarization. 

 


b.)  Vertical Dipole:   The vertical dipole provides improved gain over whip antennas.  It radiates omni-directional, vertically polarized signal.  The requirement for a single support/mast makes it quick and easy to install, but because of the dimensions required for HF frequencies, a vertical dipole may be impractical for lower HF frequencies.  




c.)   Inverted "V" or Drooping Dipole:   The Inverted Vee antenna is similar to a horizontal dipole but requires only one mast/support.  The Inverted Vee has less gain than the horizontal dipole and radiates a omni-directional signal which is vertically polarized off the ends, and horizontally polarized from the broadsides.  


2.  DIMENSIONS AND CONSTRUCTION:   The dimensions for the horizontal and vertical dipole are the same.  The antenna consist of two independent, 1/4 wavelength long wires, placed in-line and end to end.  The two near ends are as close as possible, but insulated from each other. Each of the independent wires is connected to different sides of the coax cable. (i.e., one is connected to the center conductor and the other is connected to the braided ground conductor).  The transmission line should be kept perpendicular to the antenna to the maximum extent possible.


Dipole antennas have a characteristic impedance of approximately 100 ohms, and when ever possible, a 2:1 Balun should be used.  If a balun is not available and coaxial cable is being used, construct a coaxial coke as described previously.  
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 The vertical dipole does not use the ground as an image antenna as is possible with a quarter wave or whip antenna using ground radials.  Therefore, raising the antenna as high as possible will provide the best performance, increasing the range of the system.  The bottom of the antenna should be secured to the ground to keep the antenna orentated vertically.   When the antenna is supported from a tree, tower or metal mast, the antenna should be placed extended out from the support as far as possible in the direction which maximum radiation is desired.

Vertical Dipole and Inverted "V" or Drooping Dipole

Figure  2-5N


C.   MULTI FREQUENCY DIPOLE (DOUBLET):      



1.  CHARACTERISTICS:  The multi frequency Dipole is essentially multiple dipoles using common mast/support, balun and transmission line.  When there is a need to change operating frequencies on a system, the multi frequency dipole provides a means of eliminating the need to physical change antennas.  It has been found that up to 5 different dipoles (for five different frequencies) can be combined into a multi frequency dipole.  The RF energy tends to radiate from the wires cut for that specific frequency with a similar performance to a regular dipole for that frequency.  


This type of antenna is normally used as a horizontal antenna and its radiation pattern is the same as a horizontal dipole with the same reaction to ground effect.  Although this antenna provides operation for several frequencies from one antenna, the ground effect for the different frequencies may change the radiation pattern for each frequency .  



2.  DIMENSIONS AND CONSTRUCTION:   Two independent wires, each 1/4 wave length long, are cut for each frequency to be used on the antenna.  Like a regular dipole, the two wires for each frequency are placed in line, end to end but insulated from each other.  All the ends from each side are joined together and attached to opposite terminals of the balun, or attached to the separate conductors of the transmission line.  The outside ends of each wire are insulated and suspended independently from supports/masts.  


As with a regular dipole, the characteristic impedance of this antenna is approximately 100 ohms.  A coaxial choke should be used if using coax cable and a balun is not available.   
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Figure  2-5


D.   YAGI ANTENNA:



1.  CHARACTERISTICS:  A YAGI antenna is a dipole antenna that uses a reflector and/or director to provide a uni-directional radiation with a significant gain over a regular dipole.  The YAGI antenna can be used as a horizontal or vertical antenna, but its use may be restricted by the dimensions required for lower frequencies.  The dimensions of the YAGI antenna are some what critical for good performance and should only be used for the specific frequency it is constructed for.  A YAGI antenna has a characteristic impedance of approximately 100 ohms.



2.  DIMENSIONS AND CONSTRUCTION:  A YAGI begins by constructing a dipole antenna as described above.  A YAGI can be used with just a reflector, just a director, or with a reflector and director for maximum gain.  


The reflector is made from a piece of wire 1.05 times the total length of the dipole (or 1.05 x 1/2 wavelength).  The reflector is then suspended parallel to and 1/4 wavelength away from the dipole in the direction opposite to which communications is desired.  The reflector is not physically or electrically connected to the dipole, the radio, or ground.  


The director is made from a piece of wire that is .95 times the total length of the dipole (.95 x 1/2 wavelength).  As with the reflector, it is not physically connected to the dipole or radio and is insulated from ground.  The director is place parallel and 1/4 wavelength away from the dipole in the direction in which communications is desired.
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Figure  2-5O


E.  INVERTED "L":  


1.  CHARACTERISTICS:   The radiation pattern of the inverted "L" antenna is dependent on the length of the vertical portion compared to the horizontal portion.  Which every is longer will radiate more energy than the shorter.  The classic inverted "L" has a quarter wave length vertical section and a half wavelength horizontal section and is used for a very narrow range of frequencies.  This antenna provides omni-directional/vertically polarized ground wave  signal from the vertical section and a high take-off-angle horizontally polarized signal off of the horizontal portion.  For best performance, the antenna should be orientated with the broadside towards the distant station.  The Inverted "L" has less gain than a dipole and its radiation pattern varies with frequency.
  



2.  DIMENSIONS AND CONSTRUCTION:   Both the vertical and horizontal portions of the Inverted "L" is constructed from one piece of wire 3/4 wavelength long.  As stated  above, the radiation pattern is dependent on how much of the 3/4 wavelength wire is positioned vertically vice horizontally.  Increasing the vertical length will increase the vertically polarized omni\directional ground signal.  The insulator at the point where the vertical and horizontal portions join is only insulating the antenna wire from the support, as once again, both the vertical and horizontal portions are one piece of wire.  This wire is connected to the center conductor of the radios antenna connector, or secured underneath a component antenna base.


A counter poise can be created to enhance the radiation from the horizontal element.  Constructed by simply running a wire underneath the length of the horizontal portion and connecting it to the ground side of the radio
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Figure  5-2P

F.   LONG WIRE ANTENNAS:


1.   OFF AXIS ANGLES:   Long wire antennas are those that are 1 wave length or longer.  Longer lengths provide more directivity and increased gain.  The variations of long wire antennas can be constructed using various lengths of wire, therefore, the radiation pattern and proper orientation will vary.  Crucial in determining the radiation pattern and how to correctly orientate long wire antennas is determining the Off Axis angle, which is the angle of maximum radiation from the wire.  This is a function of its length.  The table in figure 5-2Q , shows reference points for approximating the angle of maximum radiation in relation to the length of the wire.  Figure 5-2R shows the radiation lobes from a broadside view for several wire lengths.
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Long Wire Off Axis Angles Figure  5-2Q

Long Wire Radiation Lobes Figure  5-2R


Knowing the off-axis angle of the wire length to be used will allow the communicator to adjust the antenna in the horizontal and vertical planes directing maximum radiation in the direction desired.  As described previously, the use of a terminating resistor will eliminate the energy radiation from the direction opposite the end with the resistor.  Although an unterminated long wire antenna is bi-directional, when the antenna is orientated to maximize radiation in one direction at a specific take-off angle, it may cause the radiation in the other direction to be misdirected. 

G.   SLOPING LONGWIRE:



1.  CHARACTERISTICS:  A sloping long wire antenna has a characteristic impedance of 600 ohms.  The sloping long wire antenna provides bi-directional radiation when not terminated with a resistor, or uni-directional radiation when terminated with a resistor.  The radiation pattern is determined by its length and the take-off angle is determined by the orientation of the wire. It may be difficult to achieve high take-off angles due to the length of wire required for HF frequencies, but can provide good medium to low take-off angles for HF or VHF circuits.


2.  DIMENSIONS AND CONSTRUCTION:  A sloping long wire antenna  can be of any length, but as previously stated, the longer the antenna wire, the more directive and higher the gain.  Additionally, by maintaining lengths in whole wavelength increments, the antennas performance can be predicted more accurately.  A mast can be used to support one end of the wire to achieve the necessary take of angle.  When using a terminating resistor, one end of the resistor is connected to the end of the antenna wire and the other end of the resistor is connected to ground.  The value of the terminating resistor(s) should be 600 ohms and rated for at least 1/2 the power out put of the transmitter being used.  Use of the terminating resistor will cause the antenna to be uni-directional in the direction of the resistor.  A 12:1 balun should be used if available, connecting the antenna wire to one of the baluns terminals and the other balun terminal connected to a good ground.


When orientating the antenna, the radiation pattern of the horizontal and vertical planes must be considered.  As with adjusting the height of the mast for the appropriate take-off-angle, it may be necessary to orientate the antenna so that the radiation in the horizontal plane is directed correctly. 
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H.   SLOPING "V"


1.  CHARACTERISTICS:  A sloping "VEE" antenna is essentially two sloping long wire antennas orientated so that the energy radiated from each leg reinforces the other. Like the sloping long wire antenna, it has a characteristic impedance of 600 ohms and can be bi-directional or uni-directional depending on whether  terminating resistors are used.  Like the sloping long wire, with the sloping "V" antenna it may be difficult to achieve high take-off angles, but it can provide good medium to low take-off angles for HF or VHF circuits.  


Although when terminating resistors are not used the antenna is considered bi-directional, it may not be possible to achieve the required take-off -angles in both direction if communications is required  in both directions.



2.  DIMENSIONS:  The antenna consists of  two separate long wire antennas which are then attached to the two separate terminals of  a balun, or  the two separate conductors of the transmission line.  The apex angle and mast height, will determined by orientating the wires so that the off axis angle of the wire length used matches the take off angle required for the circuit.  It is not necessary to raise the end of the antenna where the transmission line attaches to it, as shown in the figure below.  The only concern is that the signal radiated from the antenna wires is directed to the distant station.  This may be possible by raising the ends of the antenna wires and not the Feed point.
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Sloping "V" Antenna

Figure  2-5T


I.   VERTICAL HALF RHOMBIC:  There are several versions of Rhombic antennas; Vertical Half Rhombic, Vertical rhombic, Horizontal Rhombic.  Vertical Half Rhombics are the most commonly used due to the size of full rhombic antennas (Vertical and Horizontal rhombics).   



1.  CHARACTERISTICS:  Vertical Half rhombics, like all rhombic antennas, are high gain antennas and can enhance a communications circuit.  Rhombic antennas (all types) are long wire antennas, so they normally are rather large.  They can easily be used for VHF circuits, or they can be used for HF circuits that require a low take off angle.  As like other long wire antennas, the rhombics are characteristically bi-directional, or uni-directional if terminating resistors are used.  The characteristic impedance is 600 ohms and a 12:1 balun should be used when available.



2.  DIMENSIONS:  The Vertical Half Rhombic is constructed from one piece of antenna wire, which is support in the middle by a mast.  The height of the mast, is determined by what is necessary to orientate the radiation from the two halves of the antenna so that maximum radiation from each is in the desired direction.  Orientation in the horizontal plane is also required, normally causing the antenna to be off-set from the direction to the distant station.


When a 12:1 balun is used, one of the balun terminals is connected to the antenna, and the other is connected to a good ground [image: image7.wmf]RADIO
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