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The NIMS KIDS Science Experiment Book

“What and Why”
is the Start!



When you see something you've never seen before, 

or when you notice something strange, what do you say?

You're probably surprised, and you want to ask "What's this?" or "Why did that happen?“

"What and Why" -- Scientists who win the Nobel Prize, and researchers who are active in the world,

 they were all full of those questions when they were children. 

And when they grew up, they were exactly the same. 

They continue to do their research every day, thinking "I want to understand 'why?'" 

and "I want to surprise everybody by making something even more amazing to make them say ‘What’s this?’“

This Special Feature introduces experiments that makes you understand 

what kind of research we are doing at NIMS. 

These aren't experiments that you can do at home, 

but there are plenty of whats and whys in these examples. 

Research at NIMS creates many things that are important in our daily lives,

and it all begins from these two words, “What and Why.” 

02 NIMS NOW International  2013 July-August

The NIMS KIDS Science Experiment Book

“What and Why” is the Start!



This Special Feature introduces several experiments 
so that everyone can imagine just what kind of 
research we are doing at NIMS.
And that’s not all!
Recently, five “NIMS KIDS” actually visited the NIMS 

laboratory and performed amazing experiments 
that you can’t do at home or school. 
We hope that everyone will read this and be filled 
with the feeling of scientific curiosity, which we 
call “what and why?”

Special Workshop

Let‘s look at atoms! Let’s move atoms!

World‘s strongest! 
The power of high temperature 
superalloys

the fascinating world of 
superconductivity!

More than just the symbol of 
“everlasting love”
- Surprising diamonds.

Electricity from coffee!?
Waste heat power generation is
a great idea!
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This is a model of 
carbon sheet with 
thickness of only 
one atom (called 
“graphene”)

This is a model of one 
platinum atom. When it's 
placed on the graphene 
sheet, it's easier to search 
and see.

Today, we're going to look at the platinum 
atoms that have been placed on thin layers 
of carbon. Can we really see the atoms, 
one by one?

We‘ll  try using this ultra-high 
performance electron microscope. 
It’s not an optical microscope that 
uses light, like the ones you‘ve 
used in school. It’s a microscope 
that can investigate much smaller 
objects by using “electrons.”

Five members of the “NIMS KIDS” visited our lab to 
open the door to the mysterious world of atoms!

Have you all heard of "atoms“?

Atoms . . . ?

Ayako Hashimoto, 
NIMS Senior Researcher

Kazunori Komori, 
Senior Researcher

“Atoms” are the smallest building blocks, from which everything in 
the world, or no, everything in the entire universe is made. Of course, 
because they‘re so tiny, you can’t see them with your own eyes. “Atoms” 
are also far too small to see with the kind of microscope you‘ve used 
in school. Today, let’s try looking at “atoms” with a special microscope.

The human body . . .
Forests, mountains, 
rocks, and oceans . . . 
And of course, buildings, 
bridges, and cars too . . .

Everything in the universe is 
made of atoms!

1/1,000 of a meter = 1 millimeter (mm)
(Size of an ant = about 3 mm)

1/100 of a meter = 1 centimeter (cm) 
(Size of a hornet = about 3 cm) 

Human body 
(1.6 meters)

Thickness of a human hair 
= about 0.08 mm

Transmission Electron 
Microscope = TEM

Let's look at atoms! Let's move atoms! 

The size of things, from the human body to nanometer size

Let's look at atoms!

I've heard the word, but . . . Atoms?Mmm…

Platinum Graphite
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40,000×

Graphene 
layers

600,000×

200,000×

1,500×  magnification

1,000,000×

15,000×
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1/1,000 of a millimeter = 1 micrometer
(Red blood cell = 10 micrometers. 
Germs are about the same.)

200-500 nanometers 
Diameter of one particle of 
cigarette smoke

Size of one atom 
= 0.12 nm

Size of one water molecule 
= about 0.38 nm 

Let's look through the 
microscope...

I saw it !

Platinum particles

Which one ?

Where?

1/1,000 of a micrometer 
= 1/1,000,000,000 meters 
= 1 nanometer (nm)

Platinum Atoms

1,000,000×
1nm
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This is the system to control the AFM. The orange dots 
in the screen are atoms, and they can be moved simply 
by using the mouse.

What makes it possible to move atoms?

This time we are going to move atoms on a cooper surface. When two atoms are close enough, there is an interaction force 
between them. These interatomic forces are very weak, but they can be measured and tuned with an AFM. To move an atom, 
we will tune the interatomic force between the forefront atom of the AFM probe and the targeted atom to compensate the 
interaction of the atom with the surface. The atom will then “levitate” between the probe and the surface, and it will follow the 
probe to any desired position on the surface.

Now, the NIMS KIDS are in a lab with an 
"Atomic Force Microscope (AFM).” 

The AFM is different from the TEM of the last experiment. The AFM can 
see and move atoms by detecting and tuning tiny forces between 
the forefront atom of a sharp probe and the atoms at a surface.

Here, NIMS is using atom manipulation techniques to study 
fundamental properties of technologically relevant materials 
at atomic scale.

Is it really possible to move atoms just the way you want???

Group Leader Oscar Custance (left) and Senior 
Researcher Tomoko Shimizu (right).

This is an "Atomic Force Microscope"!

an atom 
on the 
surface

Interatomic 
force

AFM probe

Copper surface

Let's look at atoms! Let's move atoms! 

Looks so cool!

You can move it 
by mouse?!

The NIMS KIDS Science Experiment Book

How do we move them??
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I didn‘t know that you 
can move atoms.

 I was really surprised!

Atoms are something that most people have heard of, but few have 
actually seen. And the number of people who‘ve had the experience 
of moving atoms is probably fewer than 100 (in the whole world!). 
Now, do you feel bit  more familiar to “atoms” than before? I hope 
you’ll always have that feeling, that science is “Amazing!”

I was pretty nervous, 
but it was fun using the 

electron microscope.

Compared with what we 
see in books, the atoms 

were more “real” and 
easier to understand. 

It was really exciting. 
I was astonished!

I was just praying for 
success ! (laughs).

Yes! I made it!

Ready?
Come on! 

Amazing!

Watch the atom! It moved!

Now, let’s have a look at a successful 
atom manipulation. Compare the 
position of the atoms in the right and 
left pictures. One of them moved!

Let‘s try moving atoms!

It’s moving…

After all the experiments....
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World's strongest! The power of high temperature superalloys

This metal rod, which was developed by NIMS, 
looks completely ordinary, doesn't it? 

But actually, it's an ultra-high temperature superalloy that can 
withstand amazing temperatures.

Just how strong is it? 
And what temperature can it withstand?

Let's do an experiment!

These are two rods of the same diameter. 
One is stainless steel, and the other is a 
NIMS superalloy.

First, we'll attach a 2kg weight to the end of 
each rod.

Next, let's heat the rods with the 1000°C 
flame of a gas burner.

Stainless steel Stainless steel

This superalloy is used in jet engines and other parts that must withstand high heat. 

Metals that can be used at high temperatures for long periods of time are very important.

The stainless steel rod bends like a 
limp noodle, 
but there's no change in the superalloy. 

About 2 
minutes

Stainless steel Ultra-high temperature superalloy

Stainless steel Stainless steel
Ultra-high

temperature superalloy

Ultra-high
temperature superalloy

Ultra-high
temperature superalloy

Ultra-high
temperature superalloy

So strong!
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Let’s try an experiment!
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Electricity from coffee!? Waste heat power generation is a great idea!

Did you know that it's possible to make electricity without 
a power plant or batteries?  Let’s see how we can make it.

Why does this setup produce electricity?

When one end of metal is heated and the other is cooled, the 
electrons on the heated side become very excited and move 
to the cooled side. When two metals with different electron 
current behaviors are connected, there's also a difference in 
how the electrons are excited. As a result, electricity flows in 
one direction.

If you combine this setup many times, you can make a device 
that takes less heat to make electricity. 
For example, you can make electricity just by putting the 
metals on a cup of coffee.

First, prepare two different kinds of metal, 
for example, copper and iron.

Connect the two metals at two points, then 
cool one and heat the other.

This time, we connected them like this.

Heat this part to 1000°C 
with a gas burner.

In car engines, factories, power plants, . . . in all kinds of places where energy is produced, a 

large amount of “heat” is simply wasted. This is called “waste heat.” Because electricity can also 

be produced from waste heat, it‘s possible to save more energy by using this kind of power 

generating system.

Look! Electricity!

then...

Thermoelectric device Coffee (90°C)

copper

Ammeter

heatingiron

cooling

1  2  3  4  5  6  7  8

liquid nitrogen

copper

iron

Cool this part to 
-196°C with liquid
nitrogen.

copper

Let’s try an experiment!
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More than just the symbol of “eternal love”- Surprising diamonds

Diamonds are the king of gemstones, 
and are known for their beauty and hardness. 

But there's more to diamonds than that. 
They also hide surprising secrets.

This small plate-like object is actually made from diamond.
Let‘s try an experiment to find out its secret!

These three plates have the same thickness. One is diamond, 
and the others are plastic and copper. First, let's fix them in a 
flat container.

Diamond melts the ice the fastest! 
Even though copper is known to 
transmit heat very quickly, diamond 
is faster.Diamond transmits heat 
very quickly.

Next, let's fill the container with hot water until 
three plates are half-covered with water. 

Then, let's place bars of ice on top of the 
three plates.

The heat of the hot water is transmitted to 
the plates and melts the ice. 
But the melting speed is apparently different!

Hot water

Ice

Diamond

Diamond

Diamond

Plastic Copper

Copper

Copper

Plastic

Plastic

This property, which is called "high thermal conductivity," is used in heat sinks that let 

accumulated heat escape from integrated circuits in computers and other devices.

In fact, as you can see 
here, you can easily cut a 
piece of ice with just the 
heat from your hand.

The NIMS KIDS Science Experiment Book

Let’s try an experiment!
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The fascinating world of superconductivity!

Almost blindingly bright!Bulb goes out.A little bright.

Have you heard the word "superconductivity"? 
Among the materials that conduct electricity, 

some special materials are "super" conductors. 
It's a little difficult for electricity to pass through ordinary materials. 

This property is called "electrical resistance," and as a result, some electricity is lost. 
However, "electrical resistance" decreases at a very low temperature, 

and the material becomes a superconductor. 
Let's compare a superconductor with an copper wire and a semiconductor, 

and see what happens. Let's try an experiment!

No electricity – light isn’t on.Weak electricity – the light is weakly on.Electricity - the light is on.

Room temperature Room temperature Room temperature

-196℃-196℃-196℃

With copper, the light bulb got little bright, but there was no big change when the copper wire was cooled. In other words, 
there was not so much flow of electricity. With the semiconductor, the bulb went out. This means the flow of electricity 
stopped. The bulb was the brightest with the superconductor, because superconductors carry a lot of electricity!

wiring diagram

What's a semiconductor? ... "Conductors" carry electricity easily, and "insulators" don't let electricity pass at all. Semiconductors have an electrical property between "conductors" 
and "insulators." This property is used in the tiny switches called "transistors," which are the basic parts of computers and all other electronic devices.

We used liquid nitrogen 

to cool the materials! 

-196℃-196℃

Copper Semiconductor (diode) Superconductor

We are carrying out research on electric wires using materials with low electrical 

resistance, like the superconductor in this experiment. Low electrical resistance means 

a large amount of electricity can be transmitted over long distances, so it's possible to 

carry electricity from areas that have a lot of natural energy to cities and other areas 

that need energy. In this way, superconductors can help to solve energy problems!

If we cool the materials 
to -196℃…

If we cool the materials 
to -196℃…

If we cool the materials 
to -196℃…

This is it 
for this 
time!

Let’s try an experiment!



  On July 11th, NIMS concluded a Compre-
hensive Collaborative Agreement (a sister 
institute agreement) with Slovak Academy 
of Sciences (SAS) of Slovak Republic. SAS 
originates in the Slovak Learned Society es-
tablished in 1792. SAS is responsible for the 
education of doctoral students and both 
fundamental and applicational researches 

to promote science and technology in 
Slovakia. There are more than 3,000 staff 
members including about 1,800 researchers 
holding Ph.D. or D.Sc. degree, some of them 
are teaching at universities in and out of Slo-
vakia.  Comprehensive Collaborative Agree-
ment had been signed by SAS President Dr. 
Jaromir Pastorek and NIMS President Prof. 

Ushioda during the SAS-IVF-JST Workshop 
on Advanced Materials held at Smolenice 
Castle owned by SAS on July 10 - 11.

  On July 26, NIMS and National Taiwan Uni-
versity (NTU, President Pan-Chyr YANG), Tai-
pei, Taiwan, concluded a contract on a joint 
research center effective for 3 years. Based 
on this contract, both institutes established 
the "Center of Strategic Materials Alliance for 
Research and Technology: SMART Center" in 
NTU and NIMS.  NIMS and NTU concluded 

the Comprehensive Collaborative Agree-
ment (a sister institute agreement) in Febru-
ary, 2012 and the international cooperative 
graduate school agreement in January, 2013. 
A joint workshop was held in January 2013 
in Taipei, and possibility of collaboration in 
a wide range of research areas in addition 
to the on-going cooperation was discussed. 

Based on such zeal for collaboration at both 
sides and a very strong support from the 
NTU executive office, the two institutes start 
collaborative re-
search on various 
advanced materi-
als, encouraging 
a  r e s e a r c h e r s 
exchange and a 
joint use of re -
search facilities.

  NIMS Conference 2013 was held from 
July 1st to 3rd at Tsukuba International 
Congress Center. This year’s theme was 
“Structure Control of Atomic/Molecular 
Thins Films and Their Applications”, and 
more than 550 people attended from uni-
versities and industry throughout the days. 
At the beginning of the conference, NIMS 
Award 2013 was given to Prof. Hideo Hosono 

of Tokyo Institute of Technology, who has 
been doing pioneering research in the field 
of this area, and award-winning lecture was 
given by him followed by the ceremony. 
Also, 5 Plenary Lectures were made by prom-
inent researchers on the first day.  On the sec-
ond and third day, 43 researchers from home 
and abroad presented their cutting-edge re-
search and there were more than 100 poster 
presentations mainly by young scientists. 
Active discussions were held in all sessions 
respectively during the three days, and many 

participants highly appreciated that the con-
ference was very fruitful and cross-cutting in 
terms of both quality and quantity.

President Ushioda and SAS President Dr. Pastorek exchanging 
the documents.

NIMS Award Medal was given to Prof. Hosono (left) 
by President Ushioda (right).
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Reports of NIMS 
Conference 2013

Dear NIMS NOW readers,
  It was spring 2010 when I got the op-
portunity to complete my Ph.D. studies at 
NIMS. I have stayed in Japan ever since, and 

now I am a postdoc here. Although initially 
I did not know what to expect, I fell in love 
with Japan very quickly, and it was an obvi-
ous choice for me to remain in Tsukuba. 
  During my time in Japan, I have tried my 
best to visit all the main sights of Japan. 
Although Kyoto and Hiroshima are quite 
interesting, and usually the first place for-
eigners want to see, my personal favorite 
destinations are the hot spring in Nagano 
with bathing monkeys (during winter, of 
course!), Mount Aso in Kyushu, and the 
Okinawa island group. Yes, Okinawa has 
a special place in my heart, I have visited 
3 times already, and plan to return again. 
I love the Ryukyu culture and I will never 

forget the experi-
ence of snorkel-
ing together with 
an 80 cm long sea 
turtle in Zamami-
jima island!
  I am very grateful 
to live here and 
having possibly 
one of the best 
years of my life!

Barbara Horvath (Hungary)
March 2010 - present
Advanced Device Materials Group, 
MANA

NIMS Signed Comprehensive Collaborative 
Agreement with Slovak Academy of Sciences

National Taiwan University and NIMS Conclude a 
Contract on Joint Research Center

With the Nagano monkeys.

Dressed up as a samurai.

Hello NIMS
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Exchanging the signed documents.


