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What do you already know about smart materials?
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How can we present a timeline of materials technology?
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What other ‘materials technology’ can we find to fit in our timeline?
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What can smart materials do?
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What are the possibilities for smart materials?
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What are shape-memory alloys?
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How do shape-memory alloys really work?
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What are the uses of shape-memory alloys?
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How might shape-memory alloys be used in the future?

wnFeudugvTanLisngutas wazdosiuAnetnaiassAnaiuLwIAnlunstinTansuas
gt ldlsrlemiluaunan Ineldarniuarannudnlan1sdnenriansunasuneninan
1897

pganunsnpdayatlsrlaminelansnanangUandulasii
https://depts.washington.edu/matseed/mse_resources/\WWebpage/
Memory%20metals/applications_for_shape_memory_al.htm

= o = 4 o ° = @ o
- avNAnestinFawngiuns M lanza gl lueuaniavuduwinnesy
LazaieasIAiesle
- dnFausumldanniuazanudnlandnemansunaiunaain@n
4 o ° P
neafunsldlangangulamnela

30 U7

neelunisuiiloymi (Problem Solving)

o ¥ a 1 aa oo . .
NNEEAIUNITAABLNNIANTEUEYNT (Critical Thinking)
o v 1 = 4
NNHEA1UAINNIINNS (Collaboration)
WNELA1UN17894137 (Communication)
ANBEAUNIIAALTNEF19E9A (Creative Thinking))

\ o gal = a & =
WIENITLTEUIN 3: ﬂ\?ﬂﬁ\zmﬁjwq\ﬂ,ﬂﬂ



Aianisaaudmiuag

fangsan 10

datanssn  Januialsdidnvininaiuetals

How do piezoelectric materials work?
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What are piezoelectric materials?
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What is the future of piezoelectric materials?
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How does the resistance of a quantum tunnelling composite (QTC) ‘pill’ change

when pressure is applied?
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How can we interrogate data about QTCs?
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How do you think QTCs work?
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How could QTCs be used in the future?
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What is electrolycra?
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How might electrolycra be used?
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How good is electrolycra as a sports sensor?
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What are electroluminescent materials?
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How can we make a night light?
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How can we make thermochromic slime?
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How can we invent something using smart materials?
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Thermochromic slime
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What are the possibilities for smart

materials?

TNULANIN
Lﬁfammqﬂ
Play with smart materials 1:22, 1:53, 2:16,
AuNALdneaasey 2:43, 310, 3:58,
https://www.ted.com/talks/catarina_ 4:31, 5:01, 6:35,
mota_play_with_smart_materials 7:42, 8:05,8:30,
9:03

| have a friend in Portugal whose grandfather built
a vehicle out of a bicycle and a washing machine
so he could transport his family.
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He did it because he couldn’t afford a car, but also
because he knew how to build one.
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There was a time when we understood how things
worked and how they were made. So we could build
and repair them, or at the very least make informed
decisions about what to buy.
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Many of these do-it-yourself practices were lost in
the second half of the 20" century.
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But now, the maker community and the open-source
model are bringing this kind of knowledge about
how things work and what they’re made of back into
our lives. And | believe we need to take them to the
next Ievel to the components thlngs are made of.
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For the most part, we still know what traditional
materials, like paper and textiles, are made of
and how they are produced.
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Now we have these amazing, futuristic composites
-- plastics that change shape, paints that conduct
electricity, pigments that change color, and fabrics
that light up.
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Let me show you some examples.
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So conductive ink allows us to paint circuits instead
of using the traditional printed circuit boards or wires.
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In the case of this little example I'm holding, we used
it to create a touch sensor that reacts to my skin by
turning on this ||ttle ||ght
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Conductive ink has been used by artists, but recent
developments indicate that we will soon be able to
use it in laser printers and pens.
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And this is a sheet of acrylic infused with colorless

light- diffusing particles.
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What this means is that, while regular acrylic only
diffuses light around the edges, this one illuminates
across the entire surface when | turn on the lights
around it.
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Two of the known applications for this material
include interior design and multi-touch systems.
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And thermochromic pigments change color at a
given temperature.
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So I'm going place this on a hot plate that is set to

a temperature only slightly higher than ambient and

you can see what happens.
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So one of the principle applications for this
material is, amongst other things, in baby bottles,
so it indicates when the contents are cool enough
to drink.
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So these are just a few of what are commonly
known as smart materials.
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In a few years, they will be in many of the objects
and technologies we use on a daily basis.
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We may not yet have the flying cars science fiction
promised us, but we can have walls that change
color depending on temperature, keyboards that
roll up, and windows that become opaque at the flick
of a switch.
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So I'm a social scientist by training, so why am | here
today talking about smart materials?
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Well first of all, because | am a maker. I'm curious
about how things work and how they are made,

but also because | believe we should have a deeper
understanding of the components that make up

our world, and right now, we don’t know enough
about these high-tech composites our future will be
made of.
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Smart materials are hard to obtain in small
quantities. There’s barely any information available
on how to use them, and very little is said about
how they are produced.
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So for now, they exist mostly in this realm of

trade secrets and patents only universities and
corporatlons have access to
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So a little over three years ago, Kirsty Boyle and
I started a project we called Open Materials.
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(Open Materials)

It's a website where we, and anyone else who wants
to join us, share experiments, publish information,
encourage others to contribute whenever they can,
and aggregate resources such as research papers
and tutorials by other makers like ourselves.
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We would like it to become a large, collectively
generated database of do-it-yourself information
on smart materials.
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But why should we care how smart materials work

and what they are made of?
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First of all, because we can’t shape what we don’t
understand, and what we don’t understand and use
ends up shaping us.
oA A , o a M 1
AauauAa 11 liaunnadeazlsnefldidnla
% Y Y o dl

wazdnlaidnlanasldiu lungasesazgn

1 v 1
Auvantuilasunilag

The objects we use, the clothes we wear, the
houses we live in, all have a profound impact on
our behavior, health and quality of life.
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So if we are to live in a world made of smart
materials, we should know and understand them.
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Secondly, and just as important, innovation has
alvvays been fueled by tinkerers.
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So many times, amateurs, not experts, have been
the inventors and improvers of things ranging from
mountain bikes to semiconductors, personal
computers, airplanes.
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The biggest challenge is that material science is
complex and requires expensive equipment. But

that’s not always the case.
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Two scientists at University of lllinois understood this
when they published a paper on a simpler method
for making conductive ink.
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Jordan Bunker, who had had no experience with
chemistry until then, read this paper and reproduced
the experiment at his maker space using only
off-the-shelf substances and tools.
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He used a toaster oven, and he even made his own
vortex mixer, based on a tutorial by another scientist/
maker.
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Jordan then published his results online, including
all the things he had tried and didn’t work, so others
could study and reproduce it.
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So Jordan’s main form of innovation was to take an
experiment created in a well-equipped lab at the
university and recreate it in a garage in Chicago

using only cheap materials and tools he made himself.
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And now that he published this work, others can pick
up where he left and devise even simpler processes
and improvements.
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Another example I'd like to mention is Hannah
Perner- Wilson’s Kit-of-No-Parts.
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Her project’s goal is to highlight the expressive
qualities of materials while focusing on the creativity
and skills of the builder.
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Electronics kits are very powerful in that. They teach
us how things work, but the constraints inherent in
their design influence the way we learn.
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So Hannah's approach, on the other hand, is to
formulate a series of techniques for creating unusual
objects that free us from pre-designed constraints

by teaching us about the materials themselves.
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So amongst Hannah’s many impressive
experiments, this is one of my favorites.
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[“Paper speakers”]
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What we're seeing here is just a piece of paper with
some copper tape on it connected to an mp3 player
and a magnet
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(Music: “Happy Together”)
(was: “HA2NgUsINAU - Happy Together”)

So based on the research by Marcelo Coelho from
MIT, Hannah created a series of paper speakers
out of a wide range of materials from simple copper
tape to conductive fabric and ink.
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Just like Jordan and so many other makers, Hannah
published her recipes and allows anyone to copy
and reproduce them.
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But paper electronics is one of the most promising
branches of material science in that it allows us to
create cheaper and flexible electronics.
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So Hannah's artisanal work, and the fact that she
shared her findings, opens the doors to a series

of new possibilities that are both aesthetically
appealing and innovative.
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So the interesting thing about makers is that we
create out of passion and curiosity, and we are
not afraid to fail.
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We often tackle problems from unconventional
angles, and, in the process, end up discovering
alternatives or even better ways to do things.
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So the more people experiment with materials, the
more researchers are willing to share their research,

and manufacturers their knowledge, the better

chances we have to create technologies that truly
serve us aII
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So | feel a bit as Ted Nelson must have when,

in the early 1970s, he wrote, “You must understand
computers now.”
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Back then, computers were these large mainframes
only scientists cared about, and no one dreamed
of even having one at home.
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So it's a little strange that I'm standing here and
saymg “You must understand smart materrals now.”
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Just keep in mind that acquiring pre-emptive
knowledge about emerging technologies is the
best way to ensure that we have a say in the
making of our future.
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What are shape-memory alloys?

Shape - Memory Alloy Demonstration
nMsanamlanzNaNAagy
http://youtube.com/
watch?v=1rrPv5AIVXg
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Shape - Memory Alloy Demonstration
MsABALaUENANAIGL

Well when we think of materials, we usually think of
bending especially metal press it and last it a little
bit like this. And then we permanently deform metal,
and then we can’t really get it back very easily and
we have to do some special treatments to get that
back to its or|g|nal shape
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Now we have a shape-memory alloy, like this. It's got
some really unique properties, but you don’t see it
other metals, for example it's super elastic.
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You would not be able to do that level of elasticity of
normal metal without being permanently deformed.
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It's also got this really cool behavior which is called
shape-memory behavior.
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To do that, | have to take it to a lower temperature
so I' m just cooling it down here. | just let it cool and
when it's at its low temperature phase | can deform
it into any shape | like. Here you go.

m@vmmuuu WNAY fﬁmwﬂuuu@ﬂiu@muﬂuwmm
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And just to get it back to its original, high-temper-
ature phase. To get it back, | just need to heat up
now. Probably some warm water can do that. Here
we go. It's recovered back to its high temperature
phase.
wazddasmsliunduRundeginaiianio:
gnungige e ldiundusnuuazfaslianfon
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Let see, | can have a bit of fun with this, take this
and put all the way in there, here we go.
ﬂu Numu”r'mauﬂﬂuuu‘tmﬂm?@mumiﬂuu LL‘LI‘]_ILL

Watch the end here because | don’t want to get
liquid spray into my face.
pasulaatimanzusliasnlfinnsviaulauniing

Put all the way in just like a reverse rope trick. You
just stick it all the way in. Look at this! It's eating
all up, there you go.

ragquacldluil Wiomeilauadly giusfmeld
fraluanvan il

Now remember it's low temperature phases, and | try
to get it aII in and take it out, there you go.
mmumuu@%m%mmmmm NN‘W&I’]F;I’]NSL’&
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Like this, it's held at a low temperature structure
and as long as it doesn’'t warm up, it'll keep that
structure. Of course | was room temperature here
and room temperature is this is above the vital
temperature which is called the transition
temperature for that for the switching between

the high tempreture phrase in the low temperature
phase
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So eventually this will uncurl slowly now this will take
a few minutes because it's got quite a high thermal
mass it take a while to warm up to room temperature.
So | will speed up the film otherwise you’re going

to get a bit bored so just wait here and I'm going to
twiddle this wire so you can see it going.
ﬁﬂﬁuﬁmzrﬁ@m r’tmﬂmﬁﬂfmmﬁ’tj wazazldiaan
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Here you are brilliant. Look at that, fantastic!
ATTUGALIAAATI] TN EARTTE

So remember when it's at its high temperature phase
| can push it into its low temperature phase by
applying some stress that’s called super elasticity

or | can drop in temperature to a low temperature
environment like this liquid nitrogen. | can drop it
below its transition temperature
fm?ﬂmmuumumﬂimmqmemmum WHRANNNTD
mvwﬂmuﬂﬂ"lmmq”m@mmmrﬂiéﬂmﬂmﬂu
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Now it's a low temperature phase, | can deform it
like | did it before and | can now take it out again but
this time I'm going to try heats up quickly because
before it took a while to heat up.
LA muuuuﬂﬂimmqvmmmﬁﬁ
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So obviously there’s a lot of energy stored in there
because | put a lot of energy to deform the material
to its new phase. So here we go, I'm going to drop it
again. I'm going to stand back there. It's gonna go
like there. (laugh)
sRaudruiing s N AL sz
un e ldnasnusuauInnsnlasugluesian L
anngluy @fm@ﬂmmﬁﬁwﬂdgmﬂﬂ?ﬂm%ﬂ HHAL
lltiuagifnuuas duindewaiatueuns (W)

Now we have it, it didn’t quite close according
to plan but never mind.
1l fuldreelnfirsesiunmasazsidunslaifnls

I'll go it again just for the fun of it. You can see

| gonna end an hour of fun with this. We go

one two three (wow)
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And there we've got it, look at that it fully
transformed back again and of course that’s to be
expected because it's not diffusion slow crisis is
actually done by shear transformation.
wazisndga ADIRTIUNAUN B ULAN
Lﬁugﬂuﬁuu LL@:;LL‘Liuﬂummﬁma‘%Lﬂu ez
lEdAngRressunsuLLgn wrdudnty
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What we're done with this little clip is to cool it
down and to bend it into a different shape at its low
temperature phase and now is it slowly warms up
on my warm hand, and it can revert to its original
shape. So what's this useful David
Ql ‘dl % [ a [-3 o Y o
dannaninldnageuiuaddaunmaninanin i
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It was designed for bones fractures. Fractures and
bones and put pin in either side of the fracture so
you can imagine you drill a hole in your bone, pop
one end and put the other end staple on the other
side and as it warms up obviously closes the
fracture side up.
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Now one of the beauties of the alloy is that you can
tune the transition temperature so that you can have
the shape memory effect at any temperature you
like, between about minus hundred to plus hundred.
This particular alloy you just have to change the
composmon of the alloy shghtly
Mu\iﬁQWNmQﬂ\‘i’WﬁmﬂﬂT@M N@Nuﬂﬂ‘ﬂl,ﬁ"]&’m%?ﬂﬂ@”
ﬂiuqmwgmm’]wﬁ‘nﬂm Sﬁ\‘iuuwﬂm?ﬁmmmﬂ@m
nanangUiRuaiuguunRlusziulaf 87 idainis
Faust -100 audle +100 Iw:mmﬁ@mumﬂﬁﬂu
asAdsznavaaslanenanieadntion

So anyhow here are the typical spring and this
one’s got a transition temperature of about

60 to 70 degrees. So I'm in its low-temperature
state and that means | can deform it. It is
low-temperature crystal phase called

Martensite and it holds its shape

aznalsfinu ﬁﬁ@@ﬂ?ﬁﬂﬂﬁLmvﬁuﬁ@mmﬁmm%ﬁu
Vlﬂ?‘“mm 60 70 ANAN LAY Mfﬂuuuu’aﬂunﬂfavwzﬁﬁﬂfJW
@mwﬂwwm uuummfnmwummmLﬂ@ﬂmﬂ

o

uu“memmuﬂum@mlm mmmmqummﬁﬁq

¥

a A 1 g o v @ 1 dgl
HFandn wnfmulas uavdufazeslugli

But again to get it back to its high temperature
phase. | have to go above 60 degree. I've got some
hot water here, and we go. It's going back to its
original shape easy and | got my spring back again
wazindeanislitunduanluannsiigmgfige
nufiaingumRldgendn 60 asen mmﬁﬁﬁﬁ”‘@u@?ﬁ
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nanasu \anmne

?mnsiu'ﬁ 16: QTC d47u190 Quantum Tunnelling Composite 0:43
il ld%azlslatnsluauian (QTC) clear 0:58
How could QTCs be used in the AadRLALAtFUAeNINGR 1:19
future? glaeAAIaUFAN (QTC) 1:42

https://www.youtube.com/
watch?v=3_9duPm-rzc

Quantum Tunneling Composite (QTC) Clear fine QTC witloudueneas wasulails fufly
mm*‘ﬁ“mmmﬁmﬁuﬂﬂuiwamq‘imﬁmfauﬁu (QTC) AT TN UNNE E AN LS RN ARSI
AUAzLIUINN AN ITIALANTaan IWLazaLinn]
[Towards the Year 2020 Young Foresight Challenge] VLWWW%‘W} WWeNLANA
[Auimnasiaminauaatnall 2020]
QTC has billions of tiny conductive particles within it,
I’'m David Lussey. My company is Peratech and held together in a plastic. These particles never

we’'ve been working with young foresight here in the actually touched. But when you moved QTC or put

Northeast any source of pressure on it, they come closer
HNAD AR e L3ENUDINNAD LNTINA together and that alters the flow of electricity
LL@fomLm%’v‘hmuéquﬁum;mumm1ﬂ@‘ﬁ'm\1 between them.

priuaaniasamile QTC Usznaufeaun1AfIinIuIALANUAERWATY

m}}mﬂ‘ﬁ'ﬂfﬁmﬂuﬁua:ﬂg’ﬁ?fmﬁﬂuwmaﬁﬂ DUNA
Even the smallest inventions have a big impact on NS laiduTar uiifleiadeugine QTC el
all of us. We have invented a brand new substance | W39AULSW fmatmﬂmmﬁ@zﬁmﬂné’ﬁuu@zﬁﬂﬁ
called QTC. nazualiiluadiuszndngeunia
LLﬁdﬁéﬁﬂ?tﬁEﬁLﬁﬂﬁqmﬁﬁN@ﬂﬁ‘:%ﬂﬁéﬂﬁ@ﬁi@
WanvNAL Wan baaieansttin lus3andn QTC | QTC allows us to design things in a different way.
This is a power tool with QTC panels on it.

This is QTC. Its like black rubber, butitisnt. Itsa | QTC flfisamimeanuundsessine Ifagng
conductive substance which works under pressure. UANUN[E ﬁLﬂuLﬁémﬁﬂﬁmdwﬁNﬁuﬁﬁLLBN QTC
If | put it against this contacts, you can see that | can ﬂgj"ﬁ%ﬂu

control lamps and other electronic devices just by

pressing on it
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These now replace the on-off switch and the speed
control because when we touch these panels it
switches on the two and we can alter the speed by
pressing them harder like this.
dy % dl a o A a 1]
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That's the power to the future.QTC can be put onto
any surface to make it touch sensitive.
Aifhddtisslemiluewan QTC gnansaldadli
NufnaLlsflginlhsuduial&m

But you can put it into textiles or clothing. When

we do that, we call it soft switch. And down here

I’'m got the soft switch piano. You can see it's made

of the textile.
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But the difference is when this one gets to dirty
you can throw it in the wash.

% 1 =) dl dl Y o
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My challenge to you is using QTC imagine what
products or Services you could design for the future.
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Tunnsaaumiianisizanin 3 mnagdasulianisnmgininiiandaassrlududieanu aunsndie
Fandagstzliandamisaeula Inauuninlidsaaduiulas Amazon (https:/www.amazon.com/) 138
Ebay (http://www.ebay.com/) FalznAldung

I
o

winAumglszavinymlunisdeaeginsniiagdaasezaniivladaesuiall aannsndstegnaniian
daa3tizlFanFLILETn15a1] MNANTINAIUAN (31ANTeydslisanAdngs viTaA1nE)
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9l giinsniiandaastzdauluniarnnsodsdalfann http://mwww.mindsetsonline.co.uk

fangsud 4 | arswmeslulpsiin- 3% Tuaz £3.79 http://Awww.colourchanging.co.uk/
Jandaesty | Taunanann babies-children/baby-feeding-
ANN1I0NN Thermochromic spoons/3-colour-changing-feeding-
?ﬂlﬂmiﬁﬁw plastic spoon spoons/prod_35.html
What can
smart
materials
do?
ananasiulasiin- 25 T Fuaz £2.99 http://www.colourchanging.co.uk/
M@@m@]m{iﬂ around-the-home/colour-changing-
Thermochromic straws/25-colour-changing-straws-
straws medium-/prod_350.html|
AaunesluAalans 13y Fua £14.34 http://www.mindsetsonline.
Thermocolour film (fup 1 %‘u co.uk/Catalogue/ProductDe-
AL tail/thermocolour-flm-starter-
nndalu pack?productiD=bbf40d12-af5b-
1 m‘LIG?f;Iu) 482e-a004-cd52ed3cfd1f&catalo
guelevelltemID=6ee24db4-73e6-
4220-9749-037606d90133
anlanzangy 1.5 LUAT €7.39 http://smartwires.eu/index.php?id_

Shape-memory wire

product=2&controller=product&id_
lang=1
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lalasiaa 1 T £9.70 http://www.brecklandscientific.
Hydrogel (500 g) co.uk/product-p/smp-250-100.htm
lalagiaa 1 %u $6.95 http://www.teachersource.com/
Hydrogel (1149) product/water-gel-crystals-ghost-
crystals/chemistry
QﬂﬁmVLfJLmeJ 50 %u £8.99 http://www.grand-illusions.com/
UV-sensitive beads acatalog/UV_Beads.htm|
AfuGeaadluiidln | 13 (500 x £20.34 http://www.mindsetsonline.co.uk/
Glow in the dark fim 350mm) (lwp 1 T Catalogue/ProductDetail/glow-
AL in-the-dark-film-luminescent-film-
N13@a1lu ?productlD=3404449b-d4f2-4c6c¢-
1 AUBeY) | 9f5d-becedceafbd&catalogu
elevelltemID=8d0c3c93-f94a-
483a-a07f-68c151b6df48
m@mﬁ 1 %‘u £18.00 http://www.coleparmer.co.uk/Prod-
UV Lamp uct/UVP_UVL_4_Handheld_Mini_
Ultraviolet_Lamp_4_watt_365_nm/
WZ-97602-12
ﬁﬂmﬁummﬂumﬁ 1 %u £4.30 http://www.preservationequipment.
UV filtering eye com/Catalogue/Equipment-Tools/
protection Gloves/Ultraviolet-Safety-Specta-
cles-P946-0400
?lﬁn'i'i&l‘ﬁ 7 | aoniliuea 1.5m €7.39 http://smartwires.eu/index.php?id_
TaNTNAN Nitinol wire (1°9ﬁLLﬁ 1 %u product=2&controller=product&id_
AngUnnenu gy lang=1
nengls nraaule

How do shape-
memory alloys

really work?

\ oyl = a & =
m NUILNITLTEIUIY 3. mﬂazmﬁgmamu

=
1 ALILTEI)




AlansaaudMiLAg

TANGSNN 10
o =

e iNe e
AANNIN
N911
asidls

How do
piezoelectric

materials work?

Faulsdnyunndinela

Piezo transducer

£1.14

http://www.hobbytronics.co.uk/

piezo-transducer-5v

QT RE
AN
FNUNIURY
GLRINGT
glusd
ANDUFN
(QTC pill)
Waeulas
lolaehsladie
lausediudn
How does the
resistance of

a quantum
tunnelling
composite
(QTC) ‘pil’
change when
pressure is

applied?

QTC pills

£0.72

http://www.technobotsonline.com/

gtc-pill.html
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What is

electrolycra?
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Electrolycra strip

£39.59
(LA 1 u

AL
N13@a1lu
1 ANUITEIW)

http://www.mindsetsonline.
co.uk/Catalogue/ProductDetail/
electrolycra?productlD=1ffaa9bf-
0b98-4599-bae8-6cd00b68b17d&
cataloguel evelltem|D=dd45e5bd-
734f-408a-a80d-ba436acf6563
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Panssan 21 | avalFasuaedaeliin | 1 AwFeu | $0.99 sievln | hitp:/elwireonline.com/

RREPARE Electroluminescent Al 2 e

A Tan wire — per foot - FaUnEeu

NAWAY 1 ngw/e

aegls

How can

we make a

night light?

Pansauii 23 | Windnulasum 134 £2.70 http://www.mindsetsonline.co.uk/
1919xd3T | gouuigd (A3t 5 A Catalogue/ProductDetail/

g lasd Thermochromic A5y thermochromic-pigments?
flAeud pigment 1 AUTEW) productiD=f5b261be-6a9d-4262-
ANREUNNH a436-20320965b12a&catalogue
1hasingls Levelltem|D=00000000-0000-
How can 0000-0000-000000000000

we make

thermochromic

slime?
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NUILNITLTEIUIY 3. mﬂamwgmamu



)

WV <V 0s _j%

THINKING I

J

. SCIENCE

 CHEMICAL

g8 C\°




ARensaaudmiLAg

s
AT.QNN TAEILE

a e 1 =
WNEIdTel AINAT

ANMSEARVINLATITHLITEY
1. Ms. Julie Addis

2. Mr. Dewi Roberts

3. Mr. Mark Howell Thomas

ﬂmwjmqwammzné’umm
1. UNARn A Tualsand
CUNERIN ENENS
cwnaaiiegn Tanuuid
WeATE RANANA
CUNRNNEANANA N9
CUNWANENL AYAS
CUNENNEANART BAFTTNNGA

L WNANINITUNTT TUUAI

© 0O ~N oo o~ W DN

R VONabS GiFyaF ol BCRR T
10. WNAMTANT THANUATRLN
11, wednaLlseiin L?nlﬁuffhgm;
12. WNAaaNUee Fuag

13. WNATNIAN ATENAlA

14. 1359 1Auda sz lng

' o gal = a & =
NUILNTLTEIUIN 3. @\Tﬂ?$®ﬁﬂj’ﬂ'\\ﬂﬂiﬂ

LAT1BNITADLENIINNNTANTANTIANEA

?‘ﬂ\‘lLZW.IW%ﬂWﬁ‘ﬂm:ﬂﬁ‘ﬁ‘&lﬂ’]ﬁ‘ﬂ’]?@’]%')ﬁmﬂﬁ

D

ITEIATIYAINAUINTANUNANTANNLITEN Think Learn Challenge

D

\TEINTEYANNAUTITAIWIANFANNLITEN Think Learn Challenge

D

©3°%0 e3¢ eXlp

\TEINTEYANNANTITAIWIANFANLITEN Think Learn Challenge

Do

UINIATINNIATFIUNTRITIAN I ALATITN

NUILNIFINENRL N ATIANIIN

Do

NgnTngnaenEnsLazinAlulagannu

a

7)

]

Do

"urensInendtedaAnsunatulag AN Aan s (19

3 a o

= =] = o A
BIUILNITINUNNLDNTIANBIAINLT

230 ©32p e3X2p e3°p e3°¢
@O

v o a o a K a e A
@mQmmmmmmm@ﬂmmmﬂmm 17

PRNEBNUIINTINEN AN ATIAGIUTT
InenaenwasLazmalulatayu

a o a K = a '8 a
nendeedAnemalulaggnidnanmans (1a1)3)
eNAEmMATNAGIUIT

ANLNAENATANII
A1INNIRIFIUNITRNTIRNHIUAZATNTN

A1NNIAITIUNNTRNTIANEIUALIT VTN






BRITISH =<7 Newton
COUNCIL &1 Fund

USAY INUBa Us:zinAlne

254 8.9W1auNsn 64 dyudinds
n.woyiln ivadnudu nsuinwe 10330
InsAwn: +66 (0)2 657 5678

Insans: +66 (0)2 253 5311

dlua: newtonfund@britishcouncil.or.th

15UT86: www.britishcouncil.or.th
www.newtonfund.ac.uk

Z
o

e
2

Yas

dNUNUNUANUENSSUNISNISONBOANWN
319 nuuswRITUUDN

IVOInan IVAREN NSIINWS 10300
InsAwri: +66 (0)2 281 5555

Insans: +66 (0)2 282 0855

13UTs6: http://www.vec.go.th



