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The Purpose of these Demonstrations

00ne of the most i migadvan@sdf theslast 16Myearsfis 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. 6

-Dr William Pickering KBIHamiShacks, Brass Poo rnders@amddragtChewers,
A History of Amateur Radioin New Zealand 6, by | an Dougherty, NZART 199"

Radiowavesar e al | around us. We candédt see them, but we <can
characteristics and we can measure them. Tlgeplay 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 manytypes, keyless car locks, remote door openers, wireless local area
networks, satellite navigation,radio telescopesgnvironmental monitoring and so much more in our world. These all
us e t h electanagmetidiwavés s o  w eall sabhecawbrking 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 scientistsany of these innovations were developed by scientists and
engineers who had their interest aroused by a handsn demonstration, perhaps at school, perhaps at an exhibition,
perhaps through a demonstration by a radio amateur.

Experiments with inexpensivehome-made apparatus can open up our vision and reveal this unseen radio world to us.
Suggestions and guidance for some radio experimengse presented herefor the individual and for school-room class
demonstrations. These unseen waves and many mysterieé radio can be revealed by your ownfihands-ono
investigations.

A specialradio licence is not required for the demonstrations and experiments described here. The radi@quency
generator falls in the provisions of thefiNew ZealandRadiocommunications Rgulations (General User Radio Licence
for Short Range Device®. 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.qgovt.nz

For voice communication at this and at many other frequencies and for many other privileges too, an amateur radio
licence can be usedBecoming qualified as aradio amateur is highly recommended. It is an internationallyrecognised
qualification in rad io with a certificate (showing your own callsign)to hang on the wall. Each radio amateur has a listed
uniqgue 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 radiowavesweneed fir ecei ver 0. @n experrfentatl vinek is & metgy & diode, and a length
of wire.

You also needyour own source of radio waves, so amexpensiveoff-the-shelf transmitter module with a battery, a
switch and a few more componentsand anaerial wire, makesausefufit est transmi tter o.

With these two itemsyou can investigatefiradio 0 )you can generate and detect your own radio waves. For many
fundamental experiments and demonstrations nothing more is required.

We will investigate howrado waves propagat e, wedl | see how radio wav
through others, how a television aerial works, how information can be conveyed on a radio wave to bridge distance, and
wedl | |l earn | ots 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 manyproblems and the answers to manyuestions.

The gadgetry described here is capable of modification. So you havelaance to try your own experiments.
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How we generate a wave
Please stop for a moment and consgtame basic theohfhis will helpyou tounderstandhe demonstrations described here

The intention of this project is to keep things simple and to grsonly 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 editioof this manual Suggestions tmzart@nzart.org.nz are welcome.

The transmitter:

The transmitter is an electronic device fitted at the centredgfae aeriali two equallengths of wire. (We shall call it a
idi poleo for short.)

For simplicity,first consider the ainsmitter to be averyhighp e ed f s wi t cilshifting electans frqmwmnemitthe
pieces of wire to the other piece and back again, then continuously repeating.

The Afrequencyodo of the tr ahisoorderhoestrany4sy.92 meégahertz (MHz),ri.¢38.92 o f
million cycles per second!

An electric field is established between the two pieces of wire forming the dipalbanging electric field changing at the
frequency of the transmitter.

At the same time, eahangingmagnetic fieldis established around the dipole. This magnetic field is maximum when the flow
of electrons being moved between the dipole elements is gréatezero when the electric field is at its maximum.

Energy in the collapsing electric fieldilbds 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 thé e fields
have two oscillatory fields, oscillating the frequency of the transmittdihe energy to maintain the oscillating fields ceme
from the transmitter and its battefyhe battery provides a directirrent. The transmitter converts this into a 433.92 MHz
alternatingcurrent.The transmitter signas sinusoidalit is a sinewave

This electric and magnetiiteld around the dipole is very complardi s known as the fAnear fi el
extends only a short distance out from the dipole and its intensity drops off veryvastas/e away. If we double the

distance away, the field intensity drops down to-qoarter. A wavelength or so from the dipole the induction field has all but
disappeared. Sehere does the energy gadhow does a radio wave appear?

In thelate-1860 6 James Clk Maxwell in England, theorised that electric and magnetic fields could detach themselves from
wires and go free in the form of wavéte publisheda set offour partial differentiakequationsn 1873, now known as
i Maxwel | & sthesegignified theaxistenge of the electromagnetic wave.

In a corner of his laboratory in Berlin in 1883 Heinrich Hertzgenerated and detected these waves and confirmed that their
velocity was the same as the velocity of lighte r t z ref erreawet b6shemvasofiblat t hey ¢
known as #A HeWithaur smplemwoderndayg apparatusye toocan generate and detect these waves.

It is recordedhat a student asked Hertz about any possible use for these waves arnsl tdprted to have saidl do not
think that the wireless waves | have discovered will have any practical application"

Further onearfididd oimst Wwhkafi i fsa rk nfdnvteelfadfisld, theneaergii of the field has settled down
towhati s k n o wansverse electrofnagneticwave or fel ectromagnetic waveo for
we will come to know it.

Aerial wire
180mm long
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The transverse electromagnetic wave

Diagram A represergthe electromagnetic waydrawnso we can consider hotwbehaves. 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 representatiorhe electric anghe magnetic field strengths are each shown by arrows. The direction of each
arrow shows thdirection of the field at that point. The length of the arrow showssthength of the field. Both fields are at
right-angles to onanother.

The direction in with the wave is travellings also shown. This direction is perpendicular to the plane of the two field vectors.
This is atransversewave. The direction of motion of this wave is also the direction of energy propagation.

(The vector structure of a waverche remembered with thi@orkscrew Rule Screw a corkscrew in the direction of
energy motion. The thumb moves from the Electric to the Magnesialghabetically before M.)

Diagram B is to remind us that a wave is not just a sifgnt event, it coves an area with undefined edges. We use the
simple single vector representation in Diagrarjugt for conveniencén explanation

We must clearly understand that the two fieldscamtinuouslychanging 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 ti
opposite direction before decreasing again to pass back through zero. The frequency of these changes is set by ttie transmil
signal surce.

Diagram C shows how the amplitude of each vector chaligesine waveThe numbers refer to the many sepadigeance
diagrams shown in Diagram D.

Diagram D is a collection of thredimensional representations. In each little diagram, the sofia# signal is at the bottom
left and the signal movag 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 diagramHdllow 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 diagraimadjone
through a complete cycle. Refer again to Diagram C.

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

The distant end of the wavgshown in each of these diagrarm$iese diagramshow the same field circumstanaghe

distant endas shown at the staFior example, in diagrams D4 and also in D10, a complete wavelength of our wave is shown
In D10, the wave has movéarward by half of one wavelengtiThe energy of the wave is moving forward to the distant end
of the diagrams.

Note the sinusoidal outlenset 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, tiatialéngth of the wave could be

measured by measuring the distancevben twoadjacenp oi nt s of zero i ntensity.seeWe <cal
our demonstrationsow 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 Asvbeingt i cal | y
pol arisedo. Polarisation is described by the direction

Neither an electric field nor a magnetic field will go anywhere by itself. Unlike a STATIC fisMAYE cannot exist unless
it is moving Once created, an electragnetic 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, iceldurther 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 emp
space, in a vamm, as in the atmosphere.

Sowe have a dipole launching a wave, a wave that is made up of changing electric and magnetic fields travelling at the spee
of light on its way outwards and towards a distant receiver.

Note: There is a moving diagram in calloshowing tle vector progression of a wave includedhie CBROM associated
with these demonstrations.

The same moving diagram can be downloaded fiatp://www.nzart.org.nz/nzart/waves/radiowaves.htm|
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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. Thaglimtelvavefront is then spherical but

because weiew 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 itiversely wi
the distancehey travel. Travel twice the distance and each of these has dropped to half.

This fiinver se tddtmtnanderl dwav, i ¢ hrevwifhdsa posver soasideratiahberpewerl a w o
passing through a spherical surface is the same asassinhg through a spherical surface at twice the distaneg twite the
distancet is distributed over four times the surface area, so the ppamrnit-of-areathereis onequarter

When dealing with waves, we usually consider their "strengthihterisity" 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 wave
at a point, we are usually interested in the sum of their amplitudesum of the amplitudes of their electric fields.

A changing electric fielihducesanadjacentchanging magnetic field, which in tummducesanotheradjacentchanging
electric field, then anothexddjacentc hangi ng magnet i c tfansesbeclectromanetioveade baeegg i
thechangingel ectric and magnetic fields moving away é at the

Points tonote:

A CHANGING electric field will induce aCHANGING magnetic field in the surrounding region and wegsa. The
changing fiells 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 waveannot exist unless it is moving. Once created, it will continue @véorunless it is absorbed by
matter.

Electromagnetic wavesquire 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 aerialat a receivecan act ashe recipiat of energy from the wavé\ wave arriving at a receiveanelectromagnetic
wave passing by eonductorinducesa current in that conductor.

Our smple diodetype field-strengthmeter receiveindicates the electrons being shifted betwédenttvo sections of the dipole

by the passing wavédt shows the resulting signal from the sum of all the waves prasdntannot separate out energy being
received from individual wavest has a current induced in it froafl the passing waves. It contaia rectifier which rectifies

the resulting signal current to produce a fvediverectified direct current which deflects the meter. The meter responds to only
the positivegoing halfwaves of each component signal and this unidirectional current iateveghdication of the intensity

of the resulting wave.

Aerial wire:

About 200mm long .
(can be trimmed
for best signal '
reception)

cathode Diode

type:
Anode 1N5711

Meter is 50 or 100 uA
full-scale deflection

Aerial wire:

About 200mm long
(can be trimmed
for best signal
reception)

| Plastic stiffener
to support
aerial elements




DEMONSTRATION 1
Investigating materials, radio wavesand radio noise

Aim:
To investigate the characteristics of different materials to the
passage of radio waves,
to consider radio and sodinvavesand,
to investigate radio noise.

Apparatus: %
(The two major items used in this demonstration can usually o
borrowed!An AM receiver is required, FM is not suitabje. :
A batterydriven pocketsize AM broadcast radio receiver.

A batterydriven eletric razoror a small battergriven electric motor.
Some aluminium kitchen foil,
A selection of plastic bags.

Method:
A:
1. Takg a battergriven pocketsize AM broadcadhband radio and tune it to a part of the dial where you hear a loud
station.
Adjust for very loud audio volume from its loudspeaker.

3. Wrap the receiver in aluminium foil. Kitchen foil is suitablde complete receiver must be totally enclosed in
conductivefoil 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 hgdtou may have to hold the wrappep receiver close to your ear to
listen to the noise through the foil.)

c. Consi der -tarhei siesd grnaatli o o f ould the ideal B:H mtowibe”?er . Wha't

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 plabig
4. Then useacoloured plastibagwhich is not transparent to light.
Consider:
A radio wave is being received by the receiver andaamlio signal is coming from the loudspeaker:
a. Why does the foil wrappinbut not the plastic wrappirgffect the radio wave?
b. Why did the coloured plastic block the light but not the radio
wave?
c. Why did t he s oalltygksofivgpping?t hr ough
C:

1. Switchanelectric razor on and bring it near to therking AM radio.
2. Wrap theworkingrazor in aluminium foil and repeat.

Consider: .
Compare the fAwrappenmzrcasasd t he ﬁunwra'p'ped"c‘)

a. Uselul things can be unknowing generators of interfering and
undesirable radio waves!

b. A"Shieldingd may be possible, but can it be made
¢c. Why are radio and television aerials often placed on high poles outside buildings?
d Why is fAcoaxisaeld aasbltene difttreemsumi ssion | ined from




DEMONSTRATION?Z2
Establish and describe a Radio Link

Action

Put theTransmitter Uniton its stand on a wooden table near the centra ahaluttered andpacious
room. Keep it clear of large metal objects.

Ask all observers toemain motionlesduring the demonstration because movement can disturb the field
pattern and interfere with results.

Describe the Transmitter Uriitthe sourcef our signal, the geneia of our electromagnetic wave (see
page3).

Switch the transmitter ON.

The first observation: there is nothing to observethe wave(if any) is not visiblé

There is need faa meango detect the presence,@ndto measurethe features afhewave.

Switch the transmitter OFF.
Hold theReceiver Unitby the case of its metandwith its aerial elements vertical.

Describe the Receiver Uritnote its simplicityi a meter indicates the intensity of the received signal
(see pgeb).

Now switch the transmitter OMgain
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 aargy to deflect the meter get from the transmitter battery to the receiver
meter?

Consider the medium in whichighwave is travelling (air). The medium plays no part in supporting the
wave. The wave can travel in a vacuum!

Question How far can you moxawayfrom the transmittebefore you lose any indication of a signal?

Summary

Thewave can travel through the air and-buthvithouw gh
receiverwe can detect it and we caonsider its intensity



DEMONSTRATION3
Communication, RemoteControl, and the principles of Modulation

Switch the transmitter ON and OFF.
Note that the receiver meter indicates when the transmitter isrQ¥WFE

We have a form of elementary communication between this transemténereceiver! The receiver
meter can indicate when the transmitter switch is ON or OFF.

Switch the fAModul ationo switch ON.keyStiedransnittars hi n
on and off for us! Note the effect on the receiver meter.

Questions
Could thisremoteON or OFF indication be used for angefulapplication?

What would be the effect on the receiving meter if the modulator-fetshwere to be
increased/decreased?

Could thisradio link be used for communicatiaf informatiorf?

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 codsdjnal could be used in practice to positively identify the signal source.

Summary

This simple Iink example is the basis of all r
can be fAmodul atedo in different
other information in practical applications

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

A transmitter on a plastitube stand
A receiver on a bamboo stan
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DEMONSTRATION4
The Transmitter Aerial Radiation Pattern

Demonstration
Set the receiver on its stand placed at a suitable distance forszdlalfreading.
First: Carefully rotate the transmitter stand so that the transmitter unit rotates through 360 degrees.

Next: Holding the transmitter unit at its centre, removeatif its stand and carefully rotatehrough its
vertical axis. Note the signal strength when an end of the aerial points directly at the receiver and again
when it is sideon to the receiver.

Action

Consider the nApol ar :ptotthe getea mading engt
againsthe angle the aalimakes withadirectline to the receiver
(Receiver meter current A plotted against the aerial direction in
degrees each side of the maximum signal direction can illustrate the
principles.)

(Hint!) >

Considerthéisol i d of revolutiono of I an
the directiorof radiation from this aerial (revolved around the vertical
axis).

Note thatin this demonstratiowe are viewing the radiation from the transmitter, a vertical radiator, in its
Horizontal Planeand again in its Vertical Plane.

Return the transmitter unit to its stand and repeat using the receiver unit. Note the deep null when the
receiveraer i al is fend ono to the tr ans mifindhge®and Co u |
on a chair and repeat from a different height!

Notetoothat 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 radiatg equally in all directions in its horizontal plan@@inhni-directionab?).
Are thecompletei pol ar di agramso for the transmitter an

Summary

This transmitter unit has a si mpl edidiagrialgte | eo r a
Adoughnut 0 radi atdlearlgengsaged. er n shoul d be

Il n practice, other aermake faen efimeeaseddyindattaoninthee ad
wanted direction and to reduce it in unwanted directions.

Receiver aerials hee the same characteristiesxd canalsobe enhanced foreception of the wanted
signal from one directionwhile minimising reception of unwanted signals from other directions
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DEMONSTRATIONS

The concept of Polarisation

Demonstration
Rotate the receer between vertical and horizontal positions.

(A second checkHold the receiver with its elements vertical and change the transmitter to make its
elements horizontal.)

Action

The fApol ar i siatheidicection ofdt$ eleatric fiedi s eetemined by the launching element
(the aerial at the transmittérhorizontally or verticallypositioned

Note that the received signalporleadducseesdot.o a neg

For maximum received signal, the receiver and the transmittat ggghal)polarisations should be the
same.

Questions
Are the el ements of the television aerials on

Summary

The polarisation of a wave is determined by the directadnts electric field.In our demonstrationit is
decided by the positioning of the dipole radiatorthe signalsource For maximum received signal,
the same polarisation is required for the receiver aerial
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DEMONSTRATIONG

Materials in the path of a wave

Demongration

Position the receiver on its stasplaced from the transmittgo that the meter is showing a steady
reading, and:

a. SLOWLY bring d@ransparent plasticsheet into the path between the receiver and the
transmitter(The lid of a plastic transitase can be usé¢d

b. Then try anon-transparentplastic sheet (netransparent to light).

c. Then SLOWLY bring anetalsheet into the path between the transmitter and the receiver.

Action

Note thathon-conducting (insulating)materials (e.g. plastic) fia negligible effect on the wave.

Note thatconductingmaterials (metal) produce great changes to the field pattern.

Questions

Did the colouring material in the ndransparent plastic sheet have any effect?

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

Consider:

The approaching wavaducesan electric current in @onductingsheetand because a current in a
(perfect) conductor cannot dissipate enemprhapshatinduced currentin turn prodees and launches a
newwave 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 parttud reflection process.

+«— Metal reflector plate

Incident wave
— <

A J

Direct wave

— > » Reflected wave
Reflected wave
(In this space: TX (In this space:
Two waves travelling Two waves travelling
in OPPOSITE directions. in the SAME direction)
They will cancel or reinforce,
forming a “standing wave”) Meter responds
[ to the resultant
of the Direct and
4_ * Reflector may be positioned Reflected waves

to alter the phasing of the two waves in this space



DEMONSTRATION7

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 thecadjaaerial element and note the
increase/decrease in received signal level.

Action

Note that conducting materials can be useettiect or redirect a waveo increase its energy in a
required direction.

Note that we now have TWO waves:

1. A direct wavefrom the transmitter to the receiver, and,

2. areflected wave, from the transmitter to the metal shretthen oo 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 pba difference between the two waves arriving at the receiver to makeetiméonce 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 theppo t i on of the reflector at the
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?

Questons

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 twhfer extend the communication distance?

Try it 7 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 t#iaces can be extended using the same
transmitter power

We can measure wavelength by measuringhete'n nodes i n &d wdinsehsarealhalh g w
wavelength (see diagram D on page 4).
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DEMONSTRATIONS8
A Piol ari sation Gratiego in the path of a wav

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 ofdtHmgmitter unit
and the receiver.

The transmitter is radiating a verticalbplarised wave.

Questions
Do vertical wires at vdrtically-pgarisedvavey pass or fdAstop
Do horizontal wires atverticdllygpolagiseawbveh g pass or HAst

Is this the result you would have expected? If not, why not?
In which position would the largestduced currentslow in the grating wires?
| f the wave is fAstoppedd by the grating, where

Summary

The wave, in passing the grating wires, induces currents in the wiresnsider each wire as a
fir ecei v dmonepesitionanaxinum inducedcurrentswill occur, so the most energy will then
be extracted from thevave.

\-\-:*\\__ @

— —— __ Wire grating

\\\\\ wires vertical or
\\\ horizontal)



DEMONSTRATION9

The diPopdtairon Gratingo as a reflector

Demonstration

As in Demonstratior?, place the grating first behind the transmitter unit and then behind the receiver
unit. Rotate it, first vertical then horizontal at each pkawgadjust its positioior maximum receied
signal.

Action
When positioned to fAstopo the waAave, note the s

Note the practical advantage of gratings in aerial désareflector can now be made that uses less
material, is cheaper to make and will better surwired and weather.

Questions
Can a grating be used to identify the fpol ari s
use?

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

Summary
A grating of parallel wirescan be carefully positioned to stop andr&flect a wave
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DEMONSTRATION10
AfParasitic el ementso

Demonstration

Use a single random length of stiff wire to replace the grakilodd the wire at its centre. Holdbehind
the transmitteat varying distances from the transt@itaerialand rotatet from horizontal to vertical.
What happens®Phen hold it infront of the transmter aerial and repeat.

Action

Repeatbut with a selected length of wjrghorterthan the
transmiter dipole or in front of the transmiér dipole, known as a
director), andlongerthan the transmitter dipol{gor behind the
transmitter dipoleknown as aeflector).

Questions

Attach a director and a reflectortbothyour transmitter and
receiver unitsCan ya achieve a significant increase in
communication distance?

Rotate the whole aerial support and observe th
i a r rCaryyou plot a diagram to illustrate the directivityeath

aerial array? (Receiver meter currenplA plotted aganst the

aerial directiorin 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 yoTok

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

i s known -Uadsa 0a afefa @il , or fAyagi o for short. It i
t he wor | do-ssedmerialtesigni del vy

Summary

Adding fAiparasitic el emptoddpale, a refl ector and d
mak es an i aletypicaheixample is thd) deceiving
aerial seen on hous¢ops

The phasing of the waves in the Aforward direc
adjusting the length and positioning of the parasitic elements.

A Af ol ded dlyysadlasthe reces/ingeleroeatlin a TV
aerial. This is to accommodate the wider bandwidth of the TV signal andrfgproving thelevel of the
received signapassed dowthe transmission line.

Suggested starting dimensions:

Reflector: 370 mm long, 6 mm behind the radiator.

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



