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The Purpose of these Demonstrations  
òOne of the most important scientific advances of the last 150 years is the discovery and 

application of electromagnetic waves. Maxwell in England developed the theory, Marconi 

from Italy used the waves to communicate across the Atlantic Ocean, and numerous radio 

amateurs demonstrated very long -distance communication with low -power radio signals. 
Today, radio communications circle the globe and reach far into space. Without radio, the 

world would be a very different place.ó 

- Dr William Pickering KBE in the Foreword to òHam Shacks, Brass Pou nders and Rag Chewers, 
A History of Amateur Radio in New Zealand ó, by Ian Dougherty, NZART 1997. 

Radio waves are all around us. We canôt see them, but we can generate them and detect them, we can determine their 

characteristics and we can measure them. They play a very great part in our daily life, every member of the public uses 

this technology.  

Radio provides the backbone technology for the information economy: radio and television broadcasting, cellphones, 

mobile communications, remote controls of many types, keyless car locks, remote door openers, wireless local area 

networks, satellite navigation, radio telescopes, environmental monitoring and so much more in our world. These all 

use the same ñelectromagnetic wavesò so we should all have a working knowledge of them. Radio communication is so 

ubiquitous that it is almost taken for granted. 

The widest public understanding of radio communication is important for our economy. There is a shortage of radio 

communications engineers, technicians and scientists. Many of these innovations were developed by scientists and 

engineers who had their interest aroused by a hands-on demonstration, perhaps at school, perhaps at an exhibition, 

perhaps through a demonstration by a radio amateur.  

Experiments with inexpensive home-made apparatus can open up our vision and reveal this unseen radio world to us. 

Suggestions and guidance for some radio experiments are presented here for the individual and for school-room class 

demonstrations. These unseen waves and many mysteries of radio can be revealed by your own ñhands-onò 

investigations.  

A special radio licence is not required for the demonstrations and experiments described here. The radio-frequency 

generator falls in the provisions of the ñNew Zealand Radiocommunications Regulations (General User Radio Licence 

for Short Range Devices)ò. It should be noted that voice and similar communications at the frequency used here are not 

permitted by this licence. Refer to: http://www.rsm.govt.nz     

For voice communication at this and at many other frequencies and for many other privileges too, an amateur radio 

licence can be used. Becoming qualified as a radio amateur is highly recommended. It is an internationally-recognised 

qualification in rad io with a certificate (showing your own callsign) to hang on the wall. Each radio amateur has a listed 

unique and discrete personal radio callsign. Details about Amateur Radio and how to qualify can be found at: 

www.nzart.org.nz/nzart    

The amateur radio qualification is a useful preliminary to a career in telecommunications. It is attainable by young and 

old, the youngest radio amateur in New Zealand was age 8.   

Getting started  

To detect radio waves we need a ñreceiverò. One of the simplest for experimental work is a meter, a diode, and a length 

of wire.  

You also need your own source of radio waves, so an inexpensive off-the-shelf transmitter module with a battery, a 

switch and a few more components, and an aerial wire, makes a useful ñtest transmitterò.  

With t hese two items you can investigate ñradio ò, you can generate and detect your own radio waves. For many 

fundamental experiments and demonstrations nothing more is required.  

We will investigate how radio waves propagate, weôll see how radio waves can pass through some materials and not 

through others, how a television aerial works, how information can be conveyed on a radio wave to bridge distance, and 

weôll learn lots of other things too.  

Using this apparatus will raise more questions. With your increasing understanding you will develop experiments of 

your own to find the solutions to many problems and the answers to many questions.  

The gadgetry described here is capable of modification. So you have a chance to try your own experiments.  

 

http://www.rsm.govt.nz/
http://www.nzart.org.nz/nzart
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How we generate a wave   

Please stop for a moment and consider some basic theory! This will help you to understand the demonstrations described here.  

The intention of this project is to keep things simple and to present only the essential matters. In so doing, some 

corners may have been cut. Please advise any points that need to be corrected or reinforced so that amendments 

can be included in the next edition of this manual. Suggestions to nzart@nzart.org.nz are welcome.    

 

The transmitter:  

The transmitter is an electronic device fitted at the centre of a dipole aerial ï two equal-lengths of wire. (We shall call it a 

ñdipoleò for short.)  

For simplicity, first consider the transmitter to be a very high-speed ñswitchò or a ñpumpò ï shifting electrons from one of the 

pieces of wire to the other piece and back again, then continuously repeating.  

The ñfrequencyò of the transmitted wave is the rate of switching ï in our demonstration, 433.92 megahertz (MHz), i.e. 433.92 

million  cycles per second! 

An electric field is established between the two pieces of wire forming the dipole ï a changing electric field, changing at the 

frequency of the transmitter.  

At the same time, a changing magnetic field is established around the dipole. This magnetic field is maximum when the flow 

of electrons being moved between the dipole elements is greatest. It is zero when the electric field is at its maximum.  

Energy in the collapsing electric field builds up energy in the increasing magnetic field, then the magnetic field collapses and 

the energy is transferred back to the electric field. Energy continues to be repeatedly exchanged between the two fields ï we 

have two oscillatory fields, oscillating at the frequency of the transmitter. The energy to maintain the oscillating fields comes 

from the transmitter and its battery. The battery provides a direct-current. The transmitter converts this into a 433.92 MHz 

alternating-current. The transmitter signal is sinusoidal, it is a sine-wave.  

This electric and magnetic field around the dipole is very complex and is known as the ñnear fieldò or the ñinduction fieldò. It 

extends only a short distance out from the dipole and its intensity drops off very fast as we move away. If we double the 

distance away, the field intensity drops down to one-quarter. A wavelength or so from the dipole the induction field has all but 

disappeared. So where does the energy go and how does a radio wave appear?  

In the late-1860ôs, James Clerk Maxwell in England, theorised that electric and magnetic fields could detach themselves from 

wires and go free in the form of waves. He published a set of four partial differential equations in 1873, now known as 

ñMaxwellôs equationsò, these signified the existence of the electromagnetic wave.  

In a corner of his laboratory in Berlin in 1888, Dr Heinrich Hertz generated and detected these waves and confirmed that their 

velocity was the same as the velocity of light. Hertz referred to them as ñMaxwellôs wavesò but they are now more generally 

known as ñHertzian wavesò. With our simple modern-day apparatus, we too can generate and detect these waves.  

It is recorded that a student asked Hertz about any possible use for these waves and Hertz is reputed to have said: "I do not 

think that the wireless waves I have discovered will have any practical application".   

Further out from the ñnear fieldò is what is known as the ñfar fieldò. In the far field, the energy of the field has settled down 

to what is known as a ñtransverse electromagnetic waveò or ñelectromagnetic waveò for short. This is the ñradio waveò as 

we will come to know it.  
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The transverse electromagnetic wave  

Diagram A represents the electromagnetic wave, drawn so we can consider how it behaves. It is drawn to appear to be three-

dimensional. Three arrows are shown and they are all mutually perpendicular. The NZART logo is shown here too to make 

your eye adopt the correct perspective.  

This is a vector representation. The electric and the magnetic field strengths are each shown by arrows. The direction of each 

arrow shows the direction of the field at that point. The length of the arrow shows the strength of the field. Both fields are at 

right-angles to one-another.  

The direction in which the wave is travelling is also shown. This direction is perpendicular to the plane of the two field vectors. 

This is a transverse wave. The direction of motion of this wave is also the direction of energy propagation. 

(The vector structure of a wave can be remembered with this Corkscrew Rule. Screw a corkscrew in the direction of 

energy motion. The thumb moves from the Electric to the Magnetic. E is alphabetically before M.) 

Diagram B is to remind us that a wave is not just a single-point event, it covers an area with undefined edges. We use the 

simple single vector representation in Diagram A just for convenience in explanation.  

We must clearly understand that the two fields are continuously changing in intensity. Both fields are changing sinusoidally. 

They pass through zero together, reach a maximum together, decrease and pass through zero again, reach a maximum in the 

opposite direction before decreasing again to pass back through zero. The frequency of these changes is set by the transmitted 

signal source.  

Diagram C shows how the amplitude of each vector changes ï a sine wave. The numbers refer to the many separate distance 

diagrams shown in Diagram D.  

Diagram D is a collection of three-dimensional representations. In each little diagram, the source of our signal is at the bottom 

left and the signal moves up to the top right. The field strengths at many points on the way are shown in our vector form and 

each changes at the frequency of the source.  

Put your eyes on the spot at the start of diagram D1. Follow this spot through the diagrams from the maximum in D1, on 

through zero in D4, to maximum in the other direction in D7, through zero again at D10 and back to diagram D1 ï it has gone 

through a complete cycle. Refer again to Diagram C.  

Note that the maxima and the minima of the electric and the magnetic fields at any spot occur at the same time.  

The distant end of the wave is shown in each of these diagrams. These diagrams show the same field circumstances at the 

distant end as shown at the start. For example, in diagrams D4 and also in D10, a complete wavelength of our wave is shown. 

In D10, the wave has moved forward by half of one wavelength. The energy of the wave is moving forward to the distant end 

of the diagrams.   

Note the sinusoidal outline set out by the tips of the vectors moving in the direction away from the source. These represent 

changes in the intensity of the outgoing fields. If the wave could be stopped, the half-wavelength of the wave could be 

measured by measuring the distance between two adjacent points of zero intensity. We canôt do it like that, but we will see in 

our demonstrations how we can measure the wavelength.  

The source dipole of our wave is vertical. The E field of the wave is vertical. This wave is described as being ñvertically 

polarisedò. Polarisation is described by the direction of the electric field.  

Neither an electric field nor a magnetic field will go anywhere by itself. Unlike a STATIC field, a WAVE cannot exist unless 

it is moving. Once created, an electromagnetic wave will continue on forever unless it is absorbed by matter.  

Maxwell discovered that a CHANGING magnetic field will induce a CHANGING electric field in the surrounding region and 

vice-versa. The changing fields in this region will, in turn, induce further fields in a still more distant region, and thus the 

energy continues to propagate on its journey outwards.  

These electromagnetic waves require no material medium to support them. They propagate just as well in a completely empty 

space, in a vacuum, as in the atmosphere.  

So we have a dipole launching a wave, a wave that is made up of changing electric and magnetic fields travelling at the speed 

of light on its way outwards and towards a distant receiver. 

 

Note:  There is a moving diagram in colour showing the vector progression of a wave included in the CD-ROM associated 

with these demonstrations.  

The same moving diagram can be downloaded from: http://www.nzart.org.nz/nzart/waves/radiowaves.html 

 

http://www.nzart.org.nz/nzart/waves/radiowaves.html
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The signal radiates radially outwards from our source dipole and we must now consider how it disperses. 

We can consider our source of radio frequency signal as a point source. The true radiated wavefront is then spherical but 

because we view it at a distance from the source we can regard it as a plane wave. However, due to this spherical spreading, 

the wave becomes weaker as it travels. The intensity of the electric and magnetic fields of the signal each vary inversely with 

the distance they travel. Travel twice the distance and each of these has dropped to half.  

This ñinverse distance lawò is related to another law, the ñinverse square lawò which is a power consideration. The power 

passing through a spherical surface is the same as that passing through a spherical surface at twice the distance but at twice the 

distance it is distributed over four times the surface area, so the power-per-unit-of-area there is one-quarter.  

When dealing with waves, we usually consider their "strength" or "intensity" as the electric or magnetic field strength, or the 

voltage induced in an aerial, and with these words we mean their amplitude. Similarly, when we consider two separate waves 

at a point, we are usually interested in the sum of their amplitudes, the sum of the amplitudes of their electric fields.  

A changing electric field induces an adjacent changing magnetic field, which in turn induces another adjacent changing 

electric field, then another adjacent changing magnetic fieldé  We now have a transverse electromagnetic waveé energy in 

the changing electric and magnetic fields moving away é at the speed of light.  

 

Points to note: 

A CHANGING electric field will induce a CHANGING magnetic field in the surrounding region and vice-versa. The 

changing fields in the surrounding region will, in turn, induce further fields in a still more distant region, so the energy 

continues to propagate on its journey outwards.  

An electromagnetic wave cannot exist unless it is moving. Once created, it will continue on forever unless it is absorbed by 

matter.  

Electromagnetic waves require no material medium to support them. They propagate just as well in a completely empty space, 

in a vacuum, as in the atmosphere.  

 

At the receiver: 

A dipole aerial at a receiver can act as the recipient of energy from the wave. A wave arriving at a receiver, an electromagnetic 

wave passing by a conductor, induces a current in that conductor.  

Our simple diode-type field-strength-meter receiver indicates the electrons being shifted between the two sections of the dipole 

by the passing wave. It shows the resulting signal from the sum of all the waves present and cannot separate out energy being 

received from individual waves. It has a current induced in it from all the passing waves. It contains a rectifier which rectifies 

the resulting signal current to produce a half-wave-rectified direct current which deflects the meter. The meter responds to only 

the positive-going half-waves of each component signal and this unidirectional current is a relative indication of the intensity 

of the resulting wave.  
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DEMONSTRATION 1  

Investigating materials, radio waves and radio noise  

Aim:  
To investigate the characteristics of different materials to the 

passage of radio waves,  

to consider radio and sound waves, and, 

to investigate radio noise.  

Apparatus:  
(The two major items used in this demonstration can usually be 

borrowed! An AM receiver is required, FM is not suitable.)  

A battery-driven pocket-size AM broadcast radio receiver. 

A battery-driven electric razor or a small battery-driven electric motor.  
Some aluminium kitchen foil,  

A selection of plastic bags. 

 

Method:  

A: 

1. Take a battery-driven pocket-size AM broadcast-band radio and tune it to a part of the dial where you hear a loud 

station.  

2. Adjust for very loud audio volume from its loudspeaker.  

3. Wrap the receiver in aluminium foil. Kitchen foil is suitable. The complete receiver must be totally enclosed in 

conductive foil and must be making a loud programme noise when you start wrapping. 

Consider: 

a. Can you still hear the broadcast program?  

b. Explain any residual noise that you hear. (You may have to hold the wrapped-up receiver close to your ear to 

listen to the noise through the foil.)  

c. Consider the ñsignal-to-noiseò ratio of this receiver. What should the ideal S:N ratio be? 

B:  

1. Remove the foil.  

2. Repeat this experiment but wrap the receiver in ordinary plastic. (Use a plastic bag.)  

3. First use a clear transparent plastic bag.  

4. Then use a coloured plastic bag which is not transparent to light.  

Consider: 

A radio wave is being received by the receiver and an audio signal is coming from the loudspeaker:  

a. Why does the foil wrapping but not the plastic wrapping affect the radio wave? 

b. Why did the coloured plastic block the light but not the radio 

wave?  

c. Why did the sound ñget throughò all types of wrapping?  

C:  

1. Switch an electric razor on and bring it near to the working AM radio.  

2. Wrap the working razor in aluminium foil and repeat.  

Consider:  

Compare the ñwrappedò and the ñunwrappedò razor cases.  

a. Useful things can be unknowing generators of interfering and 

undesirable radio waves!  

b. ñShieldingò may be possible, but can it be made effective? 

c. Why are radio and television aerials often placed on high poles outside buildings?  

d. Why is ñcoaxial cableò often used as the ñtransmission lineò from an aerial to a radio or television set?  

________________________________________ 
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DEMONSTRATION 2 

Establish and describe a Radio Link 

 

Action  

Put the Transmitter Unit on its stand on a wooden table near the centre of an uncluttered and spacious 

room. Keep it clear of large metal objects.  

Ask all observers to remain motionless during the demonstration because movement can disturb the field 

pattern and interfere with results. 

  

Describe the Transmitter Unit ï the source of our signal, the generator of our electromagnetic wave (see 

page 3). 

Switch the transmitter ON.  

The first observation: there is nothing to observe ï the wave (if any) is not visible!  

There is need for a means to detect the presence of, and to measure, the features of the wave. 

 

Switch the transmitter OFF. 

Hold the Receiver Unit by the case of its meter and with its aerial elements vertical.  

Describe the Receiver Unit ï note its simplicity ï a meter indicates the intensity of the received signal 

(see page 6).  

 

Now switch the transmitter ON again.  

Note that the meter reading changes as you move the receiver near to and away from the transmitter. 

Note that the receiver unit does not contain a battery or any other energy source.  

Question: How does the energy to deflect the meter get from the transmitter battery to the receiver 

meter?  

 

Consider the medium in which this wave is travelling (air). The medium plays no part in supporting the 

wave. The wave can travel in a vacuum!  

Question: How far can you move away from the transmitter before you lose any indication of a signal?  

 

Summary  

The wave can travel through the air and through a vacuum. It is invisible, we canôt see it - but with our 

receiver we can detect it and we can consider its intensity. 
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DEMONSTRATION 3  

Communication, Remote Control , and the principles of Modulation 

 

Switch the transmitter ON and OFF.  

Note that the receiver meter indicates when the transmitter is ON or OFF.  

We have a form of elementary communication between this transmitter and the receiver! The receiver 

meter can indicate when the transmitter switch is ON or OFF.  

Switch the ñModulationò switch ON. The flashing LED in the transmitter unit now keys the transmitter 

on and off for us! Note the effect on the receiver meter.  

 

Questions 

Could this remote ON or OFF indication be used for any useful application?  

What would be the effect on the receiving meter if the modulator flash-rate were to be 

increased/decreased?  

Could this radio link be used for communication of information?  

Make up a table to show how the different received signals relate to the switch positions at the 

transmitter.  

Note that in this simple radio link, there is no certainty that the required transmitter is being received. A 

transmitted callsign or a coded signal could be used in practice to positively identify the signal source.  

 

Summary  

This simple link example is the basis of all radio communication, the ñcarrier waveò. It 

can be ñmodulatedò in different ways to carry speech, music, data and 

other information in practical applications.   

Different methods can be used to positively identify the signal source.  

 

 

 

 

A transmitter on a plastic-tube stand 

A receiver on a bamboo stand 
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DEMONSTRATION 4  

The Transmitter Aerial  Radiation Pattern 

 

Demonstration  

Set the receiver on its stand placed at a suitable distance for a half-scale reading.  

First: Carefully rotate the transmitter stand so that the transmitter unit rotates through 360 degrees.  

Next: Holding the transmitter unit at its centre, remove it from its stand and carefully rotate it through its 

vertical axis. Note the signal strength when an end of the aerial points directly at the receiver and again 

when it is side-on to the receiver.  

Action  

Consider the ñpolar diagramò of signal strength: plot the meter reading 

against the angle the aerial makes with a direct line to the receiver. 

(Receiver meter current in µA plotted against the aerial direction in 

degrees each side of the maximum signal direction can illustrate the 

principles.)  

Consider the ñsolid of revolutionò of your diagram and how it represents 

the direction of radiation from this aerial (revolved around the vertical 

axis).  

Note that in this demonstration we are viewing the radiation from the transmitter, a vertical radiator, in its 

Horizontal Plane and again in its Vertical Plane.  

Return the transmitter unit to its stand and repeat using the receiver unit. Note the deep null when the 

receiver aerial is ñend onò to the transmitter. Could this be used for elementary direction-finding? Stand 

on a chair and repeat from a different height!  

Note too that the field pattern varies at points in the room. (Multiple reflections of the wave within the 

room space are considered later in these demonstrations.)  

 

Questions 

Is the transmitter radiating equally in all directions in its horizontal plane? (ñOmni-directionalò?).  

Are the complete ñpolar diagramsò for the transmitter and receiver aerials similar?  

 

Summary  

This transmitter unit has a simple ñdipoleò radiator, a classic and basic form of radio aerial. Its 

ñdoughnutò radiation pattern should be clearly envisaged.  

In practice, other aerial ñelementsò can be added to make an ñarrayò to increase the radiation in the 

wanted direction and to reduce it in unwanted directions.  

Receiver aerials have the same characteristics and can also be enhanced for reception of the wanted 

signal from one direction while minimising reception of unwanted signals from other directions. 
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DEMONSTRATION 5  

The concept of Polarisation 

 

Demonstration  

Rotate the receiver between vertical and horizontal positions.  

(A second check: Hold the receiver with its elements vertical and change the transmitter to make its 

elements horizontal.) 

 

Action  

The ñpolarisationò of a wave ï the direction of its electric field ï is determined by the launching element 

(the aerial at the transmitter) ï horizontally or vertically positioned.  

Note that the received signal reduces to a negligible level when ñcross-polarisedò.  

For maximum received signal, the receiver and the transmitter aerial (signal) polarisations should be the 

same.  

 

Questions 

Are the elements of the television aerials on houses in your area ñhorizontally or vertically polarisedò?  

 

Summary  

The polarisation of a wave is determined by the direction of its electric field. In our demonstration it is 

decided by the positioning of the dipole radiator at the signal source. For maximum received signal, 

the same polarisation is required for the receiver aerial.  

 

 

 

 

 

 

 

 

 

 



 12 

DEMONSTRATION 6  

Materials in the path of a wave 

Demonstration   

Position the receiver on its stand spaced from the transmitter so that the meter is showing a steady 

reading, and:  

a. SLOWLY bring a transparent plastic sheet into the path between the receiver and the 

transmitter. (The lid of a plastic transit case can be used).  

b. Then try a non-transparent plastic sheet (non-transparent to light).  

c. Then SLOWLY bring a metal sheet into the path between the transmitter and the receiver. 

Action  

Note that non-conducting (insulating) materials (e.g. plastic) have negligible effect on the wave.  

Note that conducting materials (metal) produce great changes to the field pattern.  

Questions 

Did the colouring material in the non-transparent plastic sheet have any effect?  

Does the plastic covering on the transmitter and receiver aerial elements have any effect on the wave?  

Consider:  

The approaching wave induces an electric current in a conducting sheet; and because a current in a 

(perfect) conductor cannot dissipate energy, perhaps that induced current in turn produces and launches a 

new wave of its own?  

Summary  

We now have two waves, an incident wave approaching the conductor and a reflected wave moving 

away! We have reflection from a metal surface!  

A current flow in the conducting surface is a necessary part of the reflection process.  
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DEMONSTRATION 7  

A metal sheet as a reflector 

Demonstration  

Use a metal sheet as a reflector, first behind the transmitter unit and then behind the receiver unit.  

At each place, SLOWLY move it towards and away from the adjacent aerial element and note the 

increase/decrease in received signal level. 

Action  

Note that conducting materials can be used to reflect or re-direct a wave to increase its energy in a 

required direction.   

Note that we now have TWO waves: 

1. A direct wave from the transmitter to the receiver, and,  

2. a reflected wave, from the transmitter to the metal sheet and then on to the receiver.  

Note that by moving the position of the metal reflector we can alter the path length of the reflected wave 

and hence the phase difference between the two waves arriving at the receiver to make them reinforce or 

to cancel.   

Measurement of wavelength 

Start with the sheet reflector close to the transmitter and note the receiver meter reading.  

Move the reflector away. Note the position of the reflector at the first ñnullò (node) in the received signal. 

Move the reflector further away and note the position of a second node.  

Measure the distance between nodes. What is the wavelength of the signal?  

Can you find a third node?  

Questions 

With the transmitter fitted with a reflector, could the receiver be moved further away from the transmitter 

and an effective communication link still continue over this increased distance? 

Could the receiver also be fitted with its own reflector to further extend the communication distance? 

Try it ï with a sheet of aluminium foil.  

Summary  

Radio frequency energy can be redirected by reflectors to increase the energy in the required direction 

and to minimise it in unwanted directions. Communication distances can be extended using the same 

transmitter power.   

We can measure wavelength by measuring between nodes in a ñstanding waveò ï we measure a half-

wavelength (see diagram D on page 4).  
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DEMONSTRATION 8  

A ñPolarisation Gratingò in the path of a wave 

 

Demonstration  

Insert a grating between the transmitter unit and the receiver. Rotate it so the grid wires are at first 

horizontal and then vertical.  

 

Action  

Note the directions of the wires relative to the directions of the aerial elements of both the transmitter unit 

and the receiver.  

The transmitter is radiating a vertically-polarised wave.  

 

Questions 

Do vertical wires at the grating pass or ñstopò this vertically-polarised wave?  

Do horizontal wires at the grating pass or ñstopò this vertically-polarised wave?  

Is this the result you would have expected? If not, why not?  

In which position would the largest induced currents flow in the grating wires?  

If the wave is ñstoppedò by the grating, where does it go? Where does its energy go?  

 

Summary  

The wave, in passing the grating wires, induces currents in the wires ï consider each wire as a 

ñreceiver aerialò. In one position, maximum induced currents will occur, so the most energy will then 

be extracted from the wave.  
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DEMONSTRATION 9  

The ñPolarisation Gratingò as a reflector  

 

Demonstration  

As in Demonstration 7, place the grating first behind the transmitter unit and then behind the receiver 

unit. Rotate it, first vertical then horizontal at each place and adjust its position for maximum received 

signal.  

 

Action  

When positioned to ñstopò the wave, note the similarity with Demonstration 7.  

Note the practical advantage of gratings in aerial design ï a reflector can now be made that uses less 

material, is cheaper to make and will better survive wind and weather.  

 

Questions 

Can a grating be used to identify the ñpolarisationò of a wave? If so, what could a ñsimple ruleò be for its 

use? 

Have you noticed any TV aerials in your area fitted with a grating as a reflector?   

 

Summary  

A grating of parallel wires can be carefully positioned to stop and to reflect a wave.  
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DEMONSTRATION 10  

ñParasitic elementsò  

Demonstration  

Use a single random length of stiff wire to replace the grating. Hold the wire at its centre. Hold it behind 

the transmitter at varying distances from the transmitter aerial and rotate it from horizontal to vertical. 

What happens? Then hold it in front of the transmitter aerial and repeat.  

Action  

Repeat, but with a selected length of wire, shorter than the 

transmitter dipole (for in front of the transmitter dipole, known as a 

director), and longer than the transmitter dipole (for behind the 

transmitter dipole, known as a reflector).  

Questions 

Attach a director and a reflector to both your transmitter and 

receiver units. Can you achieve a significant increase in 

communication distance?  

Rotate the whole aerial support and observe the ñdirectivityò of this 

ñarrayò. Can you plot a diagram to illustrate the directivity of each 

aerial array? (Receiver meter current in µA plotted against the 

aerial direction in degrees each side of the maximum signal direction can illustrate the principles.) 

In a practical TV aerial, why are many directors used but only one reflector?  

This design was developed by Shintaro Uda  at a university in Tokyo 

in 1926 and first described in English by Hidetsugu Yagi in 1928. It 

is known as a ñYagi-Udaò aerial, or ñyagiò for short. It is probably 

the worldôs most widely-used aerial design.  

Summary  

Adding ñparasitic elementsò, a reflector and directors, to a dipole, 

makes an ñaerial arrayò. A typical example is the TV receiving 

aerial seen on house-tops.  

The phasing of the waves in the ñforward directionò is achieved by 

adjusting the length and positioning of the parasitic elements. 

A ñfolded dipoleò is usually used as the receiving element in a TV 

aerial. This is to accommodate the wider bandwidth of the TV signal and for improving the level of the 

received signal passed down the transmission line.  

 
Suggested starting dimensions: 
  
Reflector: 370 mm long, 65 mm behind the radiator.  

Director: 290 mm long, 75 mm in front of the radiator. 


