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Introduction

What if you could see through terrorists' clothes to detect hidden weapd@istok to see how a
volcano is changing underneath all the cloud and smoke? Or Igidna safely on a fog-covered
runway? Recent advances in millimetre wave imaging technology allow you to diogtist

But what are millimetre waves they are just light! Light can be thought of as a wave: the different
}JOJuEe 3Z 5 Clu + Jv E ]JVIA JEE *%}v 3} ](( E opvZAEA o0 VP
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wavelengths that we cannot see with our eyes ranging from very long radio wavesyt@hort x-

rays. Light at these different wavelengths have different properties and they are used antslbs

different applications.

Millimetre waves are waves that have a wavelength between 1mm and 1cm. These waees ha
particularly interesting properties. They can pass through clouds like radio, Twalitk phone
signals but they can also form heat images like an infrared camera. This makes themfarsaful
whole range of applications, which are discussed later in this pack.

The variety of applications makes millimetre waves ideal for demonstrating tilsgbp importance
of the science in their everyday lives and this is what we aim to do as part of this outreach project.

QinetiQ Security Imaging
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what can we offer?

Our workshop is pitched at a level for primary 6 and 7 and secondary 1 yewt? We have a wide
variety of interactive teaching materials available depending on the $iteeqgroup and room. The
workshop includes a short presentation with lots of videos and pictures demonstratidigatjgns
like car radar and seeing through clothes for security imaging. Then the class wilithetep
smaller groups each with a demonstrator to lead them through interactive handsxperiments.
These 4 workshops are entitled:

Seeing through stuff
Picture Perfect

Cops and Doppler
Radar in a room

X X X X

The learning outcomes of each workshop and content are detailed later in this pack. Tilsegpep
encouraged to nominate a speaker to tell the rest of the class what they found out frem th
workshop. There are also worksheets with a few simple questions on that each group should be able
to fill in on the particular workshop they did. This encourages them to recap what eXaeyijhave
learned.

We also have a few surprises up our sleeves including an infra-red camera whighlpils to see
a heat map of their bodies. There are some easy experiments that they can allromtiof it which
highlights some important concepts about light.

For a group of 30 to 40 pupils the workshop can be anywhere betweed 2 &ours depending on
your time restrictions. There is also an experiment that can be done at home.

IR Camera

Dav demonstrating to a group of boys Girl and father
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About Us

We are a group from the University of St Andrews Physics Department who resedlictetns
waves. In 2007 we started working on a public outreach project which aneslucate the world
about millimetre waves, what they are and why they are interesting. There are maryngxci
applications of millimetre waves that we thought it was about time we told people atbwum.

Under an EPSRC (Engineering and Physical Sciences Research Council) Partnership for Public
Engagement Grant, we have teamed up with award-winning exhibit developmergasgntifeX to

put together a touring exhibition designed to showcase the alternative view of tiidvpoovided

by millimetre waves. The project team is mainly made up of postdoc and PhD stadewtsl as a

number of enthusiastic undergraduate students. The range in experience offers an excellent
resource of knowledge and enthusiasm for science which gives pupils a unique ojiyottuask

guestions and learn from scientists working on the cutting edge.

So far the project has had a great response from the public at science festivals and schools we have
attended. We are constantly looking to improve our show so if you hayeeamments then please
get in toucht contact details are at the end of this pack.
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WWhat is light?

Z>]PZ3- v}3Z eecthoptEgndticEadiatioriThere are lots of different types of light but
they can all be described by their wavelength, which is the distance between two peaks of a wave.

dZ v u led@romagnetic wavep }u ¢« (E}u §Z ( § hawe an &Ect@c part and a
magnetic part and these are at right angles to each other.

E is the symbol for electric field, B is the symbol for magnetic field.

Electromagnetic waves with different wavelengths have different energies and thus can be used fo
different types of applications.
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The picture above shows the electromagnetic spectrum with decreasing wavelength as we move
from left to right, higher energy waves at the right and the low energy waves on the leftsCEbés

also gives some examples of objects which are of the same size as the differenbftyymses, ie a
raindrop is about 1mm in size as this is the wavelength of millimetre waves.

The longest light waves, which we are familiar with, are radio waves. These ¢t#ne iaformation

for radio and television broadcasts. Another wave that most people have heasdmoiciowaves.

This is the radiation which cooks our food in. Microwaves also carry mobilegignals. Infrared

(IR) is the wavelength range of heat radiation. An IR camera records the temperature of an
environment. The wavelengths next to infrared are the visual wavelengths. As you can see they
make up a very small part of the EM spectrum as a whole and yet we often ontyaasslght' with

these few. The different colours of light which our eyes can distinguish are the range eléngths

which we can see. Red is the longest visible wavelength which we can see with the naked eye, longer
wavelengths then moving into the IR (heat). Blue/purple lies at the other extreme, being the
shortest wavelengths we can see, before moving into the ultraviolet. Green lies aettiee of our

visual range. The ultraviolet wavelengths are the invisible type of radiation which conmegHeo

sun which can burn our skin. Plants also need this kind of light to grow. Thedleait wavelengths

are waves such as X-rays and because of their high energy can be very damaging.

All of these waves are forms of light - they differ only by their wavelength.

Radar

Radar is an application of electromagnetic waves which utilises mahyg dfifferentwave
types in the spectrum. Radar is a form of active imaging. Active imaging means that waves are
emitted from the imager and then the waves are reflected back from the surroundivigpement

are recorded. The information from the reflected waves can give details about a large area or
specific objects. Parameters such as distance, velocity, direction, density and size of an object in
relation to its surroundings can be determined using radar. The wavelength of light usedradtr
depends on the surroundings. It makes a difference whether it is outdoors or indoors atllewh

the atmosphere is clear or obscured by particles. The wavelength of the radar waves are chosen
depending on the nature of the information we wish to acquire about the target and innhoeh
detail. Longer and shorter wavelengths have different advantages and disadvantages. Longer
wavelengths can image through many types of materials that may be obscuring the line oflg@ght, |
cloud, smoke or dust and they can image at much greater distances. However, shorter wavelengths
will provide a much sharper image of the target, acquiring more accurate informationdutot

see through such atmospheric effects.
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Radar works on the very simple principle of sending out a beam of waves andingcbodv much

are reflected back and how long it takes for them to reach the receiver. This is directigaumsko

an echo of a sound wave. The sound wave is produced and travels along a path, if it coomtadn

with a solid surface it will reflect back towards its place of origin. An even simpéogy is a ball
being bounced against a wall. This is exactly what the waves from the radar do. The endtter an
receiver are located at the same place, the waves are sent out and the radar waits to capture those

that are reflected back.
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Demonstrations

There are 4 interactive workshops are entitled:

X

Seeing through stuff t Investigates how different wavelengths pass through various
materials in different ways, illustrated by a comparison between visible, infrared and
millimetre waves.

Picture Perfect? - tZ S ]« Z&E - }ang ow [does it affect imaging? Explore the
relationship between wavelength and resolution. What are the key factors that influence
whether an object can be detected, recognised or identified?

Cops and Dopplert Learn about the Doppler Effect and how it works. Hands-on
demonstration of Doppler speed sensors and game to see who can go the fastest.
Understand how the Doppler Effect is used in Police radar speed guns.

Radar in a roomt See a real-time radar map of the room and identify themselves and other
objects in the image. Watch how radars can track movement. The internals of the radar as
visible.
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Demeonstrations — Seeing through stuff

The demo is designed to increase awareness that different types of light can see thrifagmdi
materials. The physical concept behind this is transmission and absorption of lejigt amelatively
complex topic.

Thez~ v P §Z ff [leaming outcomes are:

Able to draw a wave and indicate the wavelength.
Realisation that some wavelengths can see through things that we cannot see through like
clothes and wood.

X Appreciation of the applications of different wavelengths being about to see through stuff.

The workshop consists of 3 sets of wave emitters and receivers at visible wavelengths, millimetre
wavelengths and infrared wavelengths. The pupils will have the chance to try putting different
materials, like plastic, wood, materials and paper, between the emitter and receiver and find out
whether that wave can see through the material.

BACKGROUND INFORMATION

Different wavelengths of electromagnetic radiation have different energies. Certain ranges of these
energies cause things to happen to the structure of the particles in the material, which causes the
radiation to be absorbed. This means that some wavelengths can pass straight thoughrialmate
while others can't. The exact position of these energy ranges in the spectrum is dependém on
particles that make up the material.

Transmission

When an electromagnetic wave strikes an atom or molecule, it will cause some part afaimsor
molecule to oscillate. Which aspect depends on the wavelength of the electromagnetic iwave.
most cases, the system will become an oscillating dipole, and will immediegeigdiate the
electromagnetic wave at the same wavelength. The direction in which the wave is radiated is
essentially random.

Absorption
However, in some small ranges of wavelengths, these will approach (and reach) a res@rahc

the interaction will occur more strongly. At these resonances, the energy of th@phdg absorbed
by the atom or molecule. In the cases of near visible light wavelengths, thisesvible promotion
of outer electrons to upper energy levels. For other wavelengths, the mechanism involvied
absorption varies and not all of these mechanisms exist in all materials.

This energy must still be dissipated in some way by the atom or molecule thatbabsi. In the
case of an isolated atom, it would eventually be re-radiated, possibly ataime svavelength, or
possibly as a series of photons at different wavelengths. In the case of solids, fqdidiense
gases, the energy will generally be dissipated as heat, through interactions between the e®lecul
or atoms, before it has a change to be reradiated. When a material has no such resomatiees i
visible part of the spectrum, it will appear transparent.
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Demonstrations — Picture perfect

Picture Perfeclis a demonstration all about pixels and resolution which are important concepts for
imaging in all wavelength regions including the visity@u will probably have heard of the term
megapixel in relation to digital cameras.

The Bicture Perfec{learning outcomes are:

X

Able to draw a wave and indicate the wavelength.

Understand the termRicture El u v § of pixels as being the smallest singlets [within an
image. The size of the pixels relative to the overall size of the image defines the image
resolution. The bigger the pixels relative to the overall image size, the lower the resoluti
Understand the term resolution. Resolution is actually defined in angular terms, so the
further away a target is, the bigger the pixels will be at the plane of view since the rays will
have diverged.

Realisation that wavelength limits ultimate resolution.

Understand that as well as the wavelength, other factors that can limit the resolution are the
size and density of the sensors (such as in a digital camera, that is what the number of
MegaPixels means), the quality and size of the optical elements and also atmospheric effects
such as turbulence and bad weather.

Observe the effects of resolution on image recognition

There are two main hands on demonstrations that pupils can play and learn with. The first i a set o
pin boards with different sized pins. Small pins represent short wavelengths and large pins represent
long wavelengths. By trying to imprint various shapes on the differing pin boardsvthegalise

that the smaller pins give a better outline of the shape. This leads to the idea that smaller
wavelengths give a better image.

The second demonstration highlights the effect of resolution on image recognition. Tie wilp

look at a variety of objects in increasing resolution and try and guess what the objeeis the

image quality improves. 15 laminated images at increasing resolution are shown tmsteate

this. The first image of a table with objects on it has a pixel size of 1m x 1m soilihegt see

anything. As the resolution increases in successive images the effective pixel sizes goes down. As the
resolution increases, the pupils see more objects appear and realise that some blobs cordeah sev
smaller objects close together. Gradually it will become clear what each object is.

To further illustrate this, they play with computer demos and games with the gradually resolving
images and the webcam that pixelates the images it takes. With the resolving images, get pupils to
guess what objects might be.

Pupils will find some images easier than others. An important point isslegance when
considering security imaging. How many pixels do you need to know if that is a gun omgenaits
that a pen or a knife?
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Demonstrations = Cops and Doppler

The Doppler effect, first proposed in 1842 by Austrian Mathematician and phy§ibisstian

Andreas Doppler, is the phenomenon of a change in wavelength as experienced from an observer
moving relative to the source. Depending on the relative motion of the source tolikereer, I.e.

towards or away, will dictate the change in wavelength. If the source is approattt@éngpserver,

§Zv 83Z A A ovP3Ze AJoo Necp oZ _ 8}P 83Z BEGU v 8Z } - EA E
wavelength that is emitted. If the source moves away relative to the source, the wavelengths are
NeSE S5 Z _ JuSU v 8Z } e EAE A% E]v + 0 EP & A Ao VvP3Z §

TheZ } %+ v }%edtning@utcomes are:

Moving objects affect the way waves travel

Light and sound waves have similar properties

Light waves can be used to measure distances and velocities

The change in wavelength is dependent on the original emitted watvee smaller the
wavelength the bigger the Doppler shift. This is the reason why millimetre waves are
important

x Millimetre waves are useful for detecting motion

X X X X

The Z } %o v } mvorkshap: §et up consists of three different millimetre wave emitters with
different wavelengths in the millimetre range. There is a box that processes the wavelength shift and
this is fed into a computer which allows you to see the change. It is alsatted speaker so that

the change can be heard as sound. The Doppler boxes can measure speed so the pyyélg aan
game to see who can move the fastest.

Screenshot of the Doppler Game
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Demonstrations = Radar in a room

With a purpose built radar pupils will see a real-time image of themselves and dihe taken with

the radar. They will have the change to identify objects in the image and track themselves as they
ul}A E}pv ~up Z o]l , EEC W]}B)S WiEH ¢heDtraekipg ofEthelp can spell out
letters and simple pictures by moving about the room.

Thezz & ]v |€arning outcomes are:

x Reinforce the concept that there are many types of light with which to make an image and
view your surroundings
Viewing an environment with different light wavelengths will produce very different images
Some advantages and disadvantages of using other wavelengths of light
How a radar forms an image by sending out waves

A radar scan of Montrose Academy School Hall
Note the rows of chairs ready for assembly
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Demonstrations = IR Camera
The world appears quite different when you look at it with wavelengths g C}v §Z ZA]e<] o |
part of the spectrum which we see with our eyes. To do this requires cameras which collects the
non-visible wavelengths turning them into pictures which we can see

The IR (infrared) camera shows a heat map of the body. At the end of the presentation, pupils will
have the chance to stand in front of the camera and do a series of short experiments that
demonstrate a variety of physics concepts.

The first thing to note in the photo below is the temperature scale on the right. Btackld and

white is hot. You can see that the glasses appear dark on the image. This is because tblely(ase ¢

they are made of glass) and they are at the same temperature as the room. Also herhlodtiersat

the top than at the bottom as so the top is a lighter shade than the bottom. Thissigadthe top

parts of her hair being heated by her head whereas the bottom parts are nearer room temperature.

dz ( vV ZvVve & SZ Z}S85 ¢8 % ESe }( SZ } C v SZE[*% % &
image. IR cannot see through clothes (unlike millimetre waves) so the temperatuee siint is the

temperature of the material itself rather than her body.

The first experiment is to press your own hand against your shirt. Your hand is hotteydbhashirt

so it will heat the material. After holding it there for a few seconds when the handkien away
there is a heat handprint left of the shirt where the material was heated. After a few seconds the
handprint disappears as the shirt cools back down to its original temperature.

When shoes are removed and pupils walk around, they leave a heat print of thewrfebe floor.
This shows the same phenomena as the heat handprint.

When a balloon is held in front of the IR camera, it can see straight through tloermatowever if
water is sprayed on the balloon then it becomes opaque. This is because IR lightssattoough
water even if we (with our visible light tuned eyes) can.
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Norksheets

At the end of the workshop pupils are encouraged to do a short question sheet to consalitiat
they have learned. There is a different worksheet for each workshop. Below the 4 worksheets h
been provided with and without answers.

Question Worksheets

fSeeing Through Stuff

fPicture Perfect?

fCops and Doppler

fRadar in a Room

Answers

fSeeing Through Stuff

fPicture Perfect?

fCops and Doppler

fRadar in a Room
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MM-Waves: Vision for the Future
Questions Worksheet for
Seeing Through Stuff

Group:

Now that you have had a short demonstration on mm waves, here are a few questions fiar you
answer as you get to play with the Transmission Boxes.

Draw a simple picture of a wave and show the wavelength.

Can you suggest the best kind of light to see the following?

Looking for a missing person at night?

Mapping an erupting volcano?

Looking for hidden weapons on a terrorist?

Seeing fish in a pond?

Out of the different types of waves you have tried, which can see through the most materials?




MM-Waves: Vision for the Future

MM-\Waves: Vision for the Future
Questions Worksheet for

Picture Perfect?

Group:

Now that you have had a short demonstration about resolution, here are a few questioy@udo
answer as you work with the experiments.

Draw a simple picture of a wave and show the wavelength.

Do the big pixels or little pixels give a better shape of your hand?

Put the following wavelengths of light in the order of incregsiesolution:
1) X-ray machine 2) mm-wave radar 3) Digital camera 4) Infra-red camera 5) Radio
telescope

In the pictures above, which image do you think you can first reseghe object?




MM-\Waves: Vision for the Future
Questions Worksheet for

AQops and Doppler

Group:

Now that you have had a short demonstration on mm waves, here are a few questions fiar you
answer as you get to play with the Doppler system.

Draw a simple picture of a wave and show the wavelength.

Can you think of an example of the Doppler effect you might see every day?

The Doppler effect works with light and sound. When a car goes past you at high speed how does
the sound change?




Waves: Vision for the Future
Questions Worksheet for

ARadar in a RoomA(

Group:

Now that you have had a short demonstration on mm waves, here are a few questions fiar you
answer as you get to play with the SAFIRE radar

What does the term™ Z  Zstand for and what can it measure?

Can you think of examples of where radars are used in everyday life?

What advantages do mm-wave radars offer compared to conventional microwave radar systems?

If they are better, why are they not used so often?
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ANS\NERs

Seeing Through Stuff

Group:
Now that you have had a short demonstration on mm waves, here are a few questions fiar you

answer as you get to play with the Transmission Boxes.

Draw a simple picture of a wave and show the wavelength.

Can you suggest the best kind of light to see the following?

Looking for a missing person at night? Infra red
Mapping an erupting volcano? Millimetre waves
Looking for hidden weapons on a terrorist? Millimetre waves
Seeing fish in a pond? Visible light or microwaves

Out of the different types of waves you have tried, which can see through the most materials

Millimetre waves




ANS\NERs

Picture Perfect?

Group:
Now that you have had a short demonstration about resolution, here are a few questioysudoo
answer as you work with the experiments.

Draw a simple picture of a wave and show the wavelength.

Do the big pixels or little pixels give a better shape of your hand?

Little

Put the following wavelengths of light in the order of incregsiesolution:
1) X-ray machine 2) mm-wave radar 3) Digital camera 4) Infra-red camera 5) Radio
telescope

5 4 3 2 1

In the pictures above, which image do you think you can first reseghe object?
20x20 or 40x40




ANSWERs

Cops and Doppler

Group:
Now that you have had a short demonstration on mm waves, here are a few questions fiar you
answer as you get to play with the Doppler system.

Draw a simple picture of a wave and show the wavelength.

Can you think of an example of the Doppler Effect you might see every day?

When a car or ambulance goes past you at high speed you hear the Doppler effect as a lower pitch

The Doppler effect works with light and sound. When a car goes past you at high speed how does
the sound change?

Before the car goes past it has a high pitch noise in comparison to when it has gone paskit.is low




NSWERS

Radar in a Room

Group:
Now that you have had a short demonstration on mm waves, here are a few questions fiar you

answer as you get to play with the SAFIRE radar

What does the term™Z  Zstand for and what can it measure?

RADAR stands for radio detection and ranging and it can measure the

Distance to an object, the speed it is moving at and the direction

Can you think of examples of where radars are used in everyday life?

Car radars, radars in aircraft

What advantages do mm-wave radars offer compared to conventional microwave radar systems?

As they have a shorter wavelength they can produce higher resolution images.

If they are better, why are they not used so often?

They are expensive!
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Measure the Speed of Light!
Einstein realised that the speed of light is a constant vaduthe Universe. Ever heard of EZnt Well thec
represents the speed of light. And you can measure it at hortle avinicrowave, chocolate bar, ruler (and maybe a
calculator).

Important!

Y HOS[® % Eulee]}Vv (}JE& Clu SEC S$Z] 1§ dhuZX} (o Mai®EIQuUretterdisu | §
no foil on the chocolate.

Experiment Time!

Remove the revolving tray from your microwave

Put your chocolate bar (we tried a Mars Bar) on a plate and put it in thewéwve

Put the microwave on full power until it starts to melt. This willlgably take about 30 seconds

Measure the distance between the melted spots with a ruler

Most microwaves have a frequency of 2.45 gigahertz (if you want you can check in thalynan

Multiply the distance between the spots on the chocolate bar by 2

If your distance is in cm then divide it by 100

Multiply this distance by 2,450,000,0004t $[* TX87f P]P Z Sl A % E o e Z ESIe
Be amazed when your result is so close to 299,792,458 metres per s¢tioadpeed of light

©oNOoO O A~ONPE

D}v[3 o A 13 ]v 3}} o}vPl }&E ]3[o0 A %0}

What actually happens?

Measuring the distance between the two melted points meahat you can work out the wavelength of the
microwaves. If you know the wavelength and the frequency then you cak awdrthe speed at which the waves are
travelling. The equation you are using 3= B awhere c is the speed offPZsU ( ] §8Z (E <pv C v ,
wavelength.

The chocolate bar stays still in the microwave and the waeep kitting it in the same places and these are the bits
that get hot and melt. The distance between the melted Bthalf of a wavelength because the microwave passes
through the bar both on its way back and forth. Multiplying tistance that you measure by two gives the distance
for a full wavelength.

Microwaves are part of the electromagnetic spectrum and theywet at the speed of light. The frequency of the
waves is the number of waves that go past a point every seconsinfdans that 2,450,000,000 waves pass through
the chocolate bar per second!

Scientists spent 50 years trying to measure the speed of lightl these days you can do it in your microwave.
Incidentally, the cooking power of microwaves was first discovered emha scientists stood too close to a
microwave experiment and the chocolate bar melted in his pocket.
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Challenge - Seeing Through Stuff

On the left there are photos of a hand through air, glass and heavy material. Camayolirges to
match up the visible images with the IR and mm-wave images? Remember whieh vayv see
through which materials.

Image 1 Image 2 Image 3
Image 4 Image 5 Image 6
Image 7 Image 8 Image 9
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Seeing through material Visible Infrared Millimetre Wave

Air Image 1 Image 8 Image 6

Glass Image 4 Image 2 Image 4

Heavy Material Image 7 Image 5 Image 9
Web Links

Here are some web links to fun science websites:
Null Hypothesist www.null-hypothesis.co.uk
Light hearted science journal that likes to explore the fun and wacky side of science

BBC Sciencewww.bbc.co.uk/schools/websites/4 11/site/science.shtml
Science for primary schools

Planet Sciencewww.planet-science.com
Science experiments for kids

| Love Bacteria www.ilovebacteria.com
Science experiments for kids

A link to Vision for the Future
http://www.vision4thefuture.org

A link to the Millimetre Wave GE }u %o [+ uv]A E+]3C A +]8§
http://www.st-andrews.ac.uk/~mmwave/mmwave/index.shtml
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Contact Information

Exhibition details and event booking
Kenneth Boyd @ FifeX
01382 554400

mailto:kennethboyd@fifex.co.uk

Millimetre Wave Information

David Macfarlane
01334 461608

mailto:dgmb5@st-andrews.ac.uk

Programme Co-ordinator

Graham Smith
01334 462669

mailto:gms@st-andrews.ac.uk

Website

Further information can be found on our website

http:/ /www.vision4thefuture.org)/

Version 1.2 LS/LW Appendix |



