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1. Secret of the wave

Hurray'l \\
It's an ocean!

Oh no! That's

high wavesin
high summer.
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‘nﬁ. ;

Wow! Look Foury, "
it's a big wave! —_ — -




Foury, can
you feel

that the waves
coming every

Watch out!
The waves
have grown
bigger, but
the speed

doesnot

(a)
(h)
V a a
speed got faster thistime! It comes
twice in every other second.
- . (c)

Finally, it got
slower. It comes
once in every two
seconds.




Hey Foury, If you
see the ground
shaking in slow motion,

Itis the repetition of
raising and falling of
the ground surface.

Let's draw
this

repeating
action with |
the passage
of time.

Position of the ground
1

Elapsed time

2 sec.

earthquake
can be drawn
like a waveform.

However, itis quit
complicated when

you compare it to the \
eawave.




Foury, let's
make

yesterday's
waveform with
these square

Thisis the surface of the \\
water without waves.

Let's put astick
on here,

/ The wave ]\

| moves like this
at the

\‘-.

This wave is
too rough to
understand.

Foury, what a
clever boy!

Let's use strings to
make it smooth.

Oh, I see.ltisa
repetition action
of up and down
| from the original |-
water surface and
returning to the

original position.

1

And then the
wave grew
bigger, right?

e

It seems same 2/

motion as an
earthquake.

At that time, the
wave came every
other second, so
one waveform

(one stick) show
one secondin

ifNext Is a
high-speed

wave.




Foury, could
you passme
another stick?

The last one was very
slow. We only can make
half of the wave.

Hey Foury, what

. Please do
are you doing?
Those waveforms have N not destroy
already been finished! ) ) them!
/
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What's this? You took B
and stacked one row
each of red and blue
blocks from the wave
locks which we made.




Let's do the
same thing
for the second

We have to add
the second stick
to the previous
waveform (a.b).

What a mess,
| could not

understand........
What?

Are you saying that the
upper side of the stick 1s
positive (+) and the lower
side is negative (-)7 When
adding and subtracting
blocks by upper and lower...

Wow! ltis same
waveform with the
earthquake we had
yesterday.




An
arrangement
of various
simple
shaped
waveforms.

Ok, so, this
weird shaped
waveform

o ' What's the
ﬁ difference
between thosel
three original
waveforms?
Vibration
speed, elapsed
time of single
wave, and
height of the
wave are
different.

i
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those three P

\ waveforms.

= The waveform
that we have

This 1s called Fourier transform.

] |
made consists of

~

¢
e
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How come you
know about it
Foury? Have
you noticed
by yourself?

| see! You
have read my
dad's book. My
dad gave you your
name, Foury.
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Qur find has
been already
discovered
around 200
years ago.

TR

The size of the
> wave Is called
"amplitude”.

The elapsed
time of single
wave Is called
"cycle" .

.
The number
of waves in a
second is called
"frequency", and
the unitis Hz.
. Since one stick _ I
represents one second Thishas
in this waveform, the two
frequency can be known| | arrows on ‘
by counting the number || one stick, &

of arrows included in the || so 2 Hz
length of one stick.

Thishas
exactly
one arrow,
so 1 Hz

Thishas
half arrow,
so 0.5 Hz.




The frequency is o S 0.5 sec. 2Hz
defined by the

length of a cycle & V
(arrow). o > 1sec. 1Hz
When it is short,
"the frequency is /\ \/
large. Itisinan T A

-

inverse proportion.

D5sec.x?2Hz=1/2x2=1

1sec.x1Hz =1

2sec. X05HZz=2x1/2 =1

Moreover,
frequency and
cycle are inan

Is multiplied

by cycle,
It becomes 1.

Inverse relationship.
When the frequency,

Cycle x Frequency = 1

Cycle = 1/Frequency

Frequency = 1£Ce/ le
\

vertical

Amplitud | /T
2Hz__
;
1Hz L‘?
I $0.5Hzp 1Hz 1~"II requency
bod &
O s g - :
__ ¥ Lrscscmaise e 4
You can tell
Arrange them what size of
N ot side by side in what speed
Sl 5 . ascending wave is in this
look at this ) order of waveform

frequencies.




, 2. A tale of sound

-

Foury, we learne
a lot yesterday,
aren't we?

What is that
gentleman
doing there?

Hi Mister,
what are you
| doing here?

k. inventinn

Hello boy,

what a great
timing. Would you
like to see my

Y. 2

This is the box
which can
visualize the
sound.

=
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AN .f.y”}" Isn'tit great,
| think scnuncl . w ifyou can see
cannot be seen. " J“

1) 4l the sound?
d!..d‘ =

v

In this box, there
are very light
balls hanging in
line with a very
short distance.




Could you shout
oudly from

\

and it hits the second ball,
then it will also pushed out
and hits the next ball.

The ball hits the next baII one after
another and finally hits the

cellophane paper on the wall and
the sound comes out.

I =S r_The next box will

show you how each
air particle moves
to transmit.

Sound transmits one
after another in air

particles like this.

There are coil springs between balls in this box. ——
Let's experiment with this one!




*

However, it has
a restoring force
to return to an
original shape.

You must have
experienced the
restoring force
of going to
returen to the
original shape
when you press
a piston in air.

The spring
shrinks when
pressed it down.

The air has
the same
property as
aspring.
This is why
the coil
Spring is
necessary
for this box.

The sound is

generated.
The piston ofthe ) AVAVAA \@IMOWWO WAV
ball is pushed on
the right side. NVVVVVOWWOMOWM

The ball moves too

MANVNOWWWOEOWWMAL

farther and it tries
to return to its \wwweavvwwwo'ywwvwwmw
WoOVVVWWWOVWVWWOW

As you can see from this, each
particle moves back and forth and it comes back | WWAOROVWWVY
(right and left) repeatedly. This '
motion transmits to the particle
one after another.

v

The air pressure is high when the
air is compressed. And the air
pressure is low when the air is

& expanded. /\

50, when you see the whole structure at a certain moment, there are dense and coarse
parts of the particles in the air.
© 0 & ®

_—Fl".__
e 9. 8, 8, 9\

The sound wave is the repetition of this structure which transmits the
compressional wave. [t means that the air repeats pressure fluctuation.
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Thisis a graph for the
entire motion, pressure
and density of a certain
moment.

And thisis a graph of
difference in motion,
pressure, and density of
one particle over time.

-

r

This is similar to
an earthquake
waveform, ..

_/However, this sound is from
. the tuning fork, so the waveform
looks like a sea wave. A sound
waveform in the nature world is
very complicated like this in

(TES, that's right. The Swave
such as a sea wave or

h

earthquake is a shear wave
which moves forward with
up and down fluctuation.
The spring or sound wave
a longitude wave which
moves forward with back

Elnd forth fluctuation.

*Earthquake also has a P wave which is a longitude wave moving back and forth.



Both of them
can be

expressed as a
waveform.

That's correct! Both
waveforms are explained
as a repeated patterns
having crest in top and

Are you saying
that the sound is
actually made by
combining various
kinds of simple
waves’

Oh wow, what a
surprise! You seem to
know about Fourier

That's right.
As for the sound, the big wave ‘3
stands for a large sound, fast
wave stands for a high sound,
and slow wave stands for a low
sound.

There are many types
of sounds in this world,
but all of them are the
combination of

pure tones.

* Pure tone= Simple waveform



For example, an orchestra tunes with
the 440 Hz of cmajor "[a" sound.
Sounds from different instruments are
heard differently even though the
pitch of the sound is the same. This is
the difference of the number of
frequendies and those amount
induded in the sound. The character
of each hearing sound depends on the
frequencies contained.

(Y | Braie
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\ | |
Hmm, interesting. \' — 2
Both the sound and | r\:—ﬂ

vibration have the same
property. Well, the guitar
string vibrates while the
sound comes out, but

when | pinch it up with a
finger, the sound stops.

_H/\\H_-_'f;*--.,_ -

‘es, that'strue. Your throat vibrateswhen you
speak.The voice you hear isthe phenomena that
the compressional wave generated by air pressure
fluctuation vibratesyour tympanic membrane. The vocal
cord vibrates, and air pressure change isproduced.
Then compressional wave vibratesyour tympanic
membrane.

always produces
the sound?

You cannot necessarily say that.
For example, if you think about M )}
thunder, you don't see anything

in the sky even though you hear the sound
of thunder. Sudden expansion of air by an
electric discharge causes a sudden pressure
change, and a sound is generated.

When air causes a pressure change, a
compressional wave is generated

and it travels to generate
asound.

In the universe with{:rutﬁ'"“‘\l
an air, there is nothing to
transmit a sound, so no sound
is generated.

*The sound generated by vocal cord vibration goes through the vocal tract and mouth,
and resonates oral cavity, then heard as a voice.



Thank you very
much.

| feel like | became
knowledgeable.

You are very welcome.
It was a pleasure to

_meet vou.
) —

By the way,
why you were
sitting here?

All right,
Im going ,
home

| am studying a sound,
and sometimes [ am
asked to talk about

/ sound to children. | was
wondering if there is a
way to explain it well,
and | invented this box.

When I was looking for
someone to try It, you
were passing by.




3. Magical box-FFT Analyzer

1 h
Hmmm, according to this

book, in addition to the
sound and vibration, the

flow of the electgcity,

electric wave of TV and

radio, infrared radiation,
lighting, color, and X-ray can
be expressed as a waveform.
Waveform seems to be very
important.

Human audible sounds are
from 20 to 20,000 Hz, but
the elephants can hear more
low pitched sound and the
bats can hear more high
pitched sound up to 100,000

| ] ——
l What's the
matter Foury?

Hz. Also, the dolphins and
whales are emitting 150,000
to 200,000 Hz ultrasonic
wave as a radar and as
communication among
a group. Hey Foury,

\1

Wavy!It's

can you hear a sound ) aboutatime
\:hl%] | cannot : to leave.
ear!
Y
"] -
iy - -
[ - o —
v/
< Ok, Daddy!
1 S
**The dDg can hear a higher sound than human. *Reference of general frequency bands: TV/ Radio

hMHz=10%Hz, Infrzéred radiation/ Light TszlUqu,
X-ray 106THz=1d Hz



_ Daddy, will you

take us to your
workplace

Yes, that's right Wavy.

Is this dad's
research
station?

Yes,
and this
IS my

Yy research
lab.

ol r\
P

'; "

Wow! There
are plenty of
machines here!




Daddy, are
you enjoying
playing with
such

complicated
machines?

Actually,
it is very
interesting!

Bzzz7777
-
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this sound?

1S

You turned on the
power of the FFI.

*FFT: Fast Fourier Transform

|s this

Yes, itis called FFT
Analyzer®, This noise is 4,
coming from the
speaker which is
connected to the
FFT Analyzer.




|| It shows a
waveform! What is
11t? | have learned
about wavefor
yesterday.

= [
‘ [This s
Itis waveform of
difficult to the sound
explain in generated from
a word.... the speaker.

1

Amplitude

F | . ;
A= This s the signal

the waveform on thej the meaning.
lower screen. Whatis

EJ-\
{

' -
)
[

requency-»

Thisis
a screen of
analyzing the contents of the
sound from the speaker.
Only the sound of 440 Hz is
generated when the single bar
appears on the screen like this.




Amplitude

V\N\N\N\ i

— Time - waveform in

That's why the=

There is no well-
shaped waveform / How
i

like thisin the y

nature world. know? g
| A Vi
I“"“—wh._-ﬁ'—.. _—""'r’.

\ the lower screen
\)v s well-shaped!

.ﬂ.mlltude

You see? The waveform
becomes larger when we

That's \

"

o b

-~

Yes. But thisis \ 7 (—’
artificial sound. < "d-%l
_'_.1 L

-~

l

k\"‘--__a—-"ﬁ_‘] |

This is the sound waveform
of this room picked up from

Wcmphnne

amazing! /|
A
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Perhaps, is this \\\
a machine to see

£

the shape of the [~
sound wave and N\
understand how
many and what size /=

of the waveform are

in the sound?
L

2 - Y

-

= e b 7 ",qz

Yes!
- Absolutely

Amplitude
t

A human can only
hear the mixture of
various sound pitches.

!1"" | | ) | Y o/
Erequency -
By inputting those snuncD\
to the FFT Analyzer, you can
see how many, and which

pitch of pure tone s
mixed.

|know dad. ltis a
sound expressed in this
waveform, and called

Yes, the sound in the natural
environment is a mixture of
these pure tones. FFT Analyzer
is used to separate them to
see the contents.

sine wave, right?




| see. |t I1s same as

is arranged in
speed order. (P.9)

the graph we made
the other day which (
the wave magnitude

e

It is quite
interesting that we

there?

could see what is inside
the sound. What else is

Hey Wavy,
do you thin
| am working
hard just only
for that
reason’?

Wavy, say something
to this microphone.




~ Thanks, now
it's my turn.

f Look Wavy, upper

! waveform is Wavy's voice
and the lower one is mine. )
We spoke same words so ’,
the waveform looks similar. /
However, you shouted, so I\
/" the ridge of your waveform

/ is higher than mine. Also,

the whole ridge of your
waveform is located on
F{ght side.

Generally,

| children's voices
are higher than
adults', so the

If you can see the
contents of the sound,

wh D|E wavefc}rm Df




Therefore, the
Analyzer is always
required for voice and
sound researches.

Sound research?
There are lots of
things that J
generate -
sound.

— = = — — — e ———

- e e e e e  —
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|

|

Yeah, for creating
some pleasant sound,
you can check the
difference between
the contents of
pleasant sound and
unpleasant sound, or
find the characteristics
of the pleasant sound

/kwit*] the FFT Analyzer.

Frequm:j,.r ;

If you want to reduce the\
noise from the product,
check where the noise is
generated with the FFT
Analyzer. You might be
able to find the measure
for the improvement.

H'"‘-—____.—- B




Wow!
The FFT Analyzer /:::/
contributes to the \ ‘

noise reduction of )
the vacuum
cleaners and
the vehicles!

Also, the FFT
Analyzer can

For example, even
ifyou and | speak
exactly the same
volume, my voice
may be heard
smaller when it
passes the speaker.

LI}

" The FFT Analyzer can be used to research
the characteristics of a speaker, such as
being good at high-pitched sound or
being good at low-pitched sound.

Itis also used for the
research of the
effectiveness of the
soundproof material for
houses.




Furthermore, you can
find out where the
sound is actually
coming from with the

FFT Analyzer.

Wow!

That is amazing.

Improvements in
audio equipment and
home appliances are

thanks to the FFT
Analyzer.

Thereis no doubt about

| haven't o i | N
seen the FFT /[ M ik 520 HIRMENLT,
not familiar to the
Analyzer A\ ¥ :
= ik general public.

before.

A




It's getting
hot in here.
Can | turn
this fan on?

Whirrrrr

Dreadful

Brrrrrr

 The sound
! generated a w;a;

This is the
waveformy

of the
sound.

r Look! \

agois displayed in
the FFT Analyzer.




/Da-::l!

If the vibration is also
a collection of
various waveforms,

the vibration
waveform of the

n))],
...-‘
(4
7',' fan with the FFT

Analyzer?

Yes, you
f"u-ﬁrderstnnd well. Let's
check the waveform of
the vibration with this.

Thereisa
frequency which
hasacrestin
both sides.

Amplitude

The upper waveform

shows the sound and the
lower one shows the
vibration. The sound
waveform confains
other sounds in the
room.

Perhaps,
the other sound Iin
the room coming

from this rattling
vibration.

fact that the vibration is
actually the cause of the
machine noise as you have
said.

Rat-tat-tat!

The FFT Analyzer can observe agrgﬁza s

the vibration as waveform. : ﬁ intense when the
- *»

The FFT Analyzer shows the I fridge, vacuum

cleaner, or car
IS noisy.

vOORRRER, vDDRRH




P /Yc:-u can also focus on the
<, f vibration. For example, when
cfg ~ you compare both data of

I
. machinein good condition

T R— t> and the data of machinein
=27 bad condition, you can check
where the vibration is

- different.
) Paying attention to that part of the

waveform will help to find the machine
failure at an earlier stage.

:

/

This is very importantin the
factory production field. If the
machineisin bad condition, it
will produce defective products.
And if the machine is broken, the
production line will be stagnant,
which can resultin enormous
losses. Also, there might be

. g_,dar?er to the nperatnr.f .\( _',‘,?I'.'/

4

This iswhy it is important to fix the
machine immediately when you find
out an error of the machine. The FFT
> Analyzer is used in such cases when
seeing the contents of the vibration
to predict which part of the machine

‘/L Is causing the trouble.

/It can also be used at the shipment

| | Qimpectinn. Defective items can be
/checked by looking at the waveform
(nf the sound fluctuation when the
product is hit or moved.

Y
| N ]
—_ r;-&_w




" *’\7
The completed prud
is manufactured in those /

factories through various
fests.

| did hot know
that at all!
| have only
seen the

N7
DL\ completed
-

product.

\)

-

Also, almost all
the machines have
amotorinside, and it

rotates for the operation
of the machine.

S0, how it vibrates
affects all machines.

When you make a new
product, it is necessary to
check which speed of
vibration affects it and
how it moves. Those
micro movements of the
products can be observed

in the animation with the
FFT Analyzer.




)N (That is \ kT‘::g
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When tuming on the fan, ) Rat-tat
the rotation speed increases. . '
As the speed increases, the \
ridge of the waveform on the
screen shifts to the right. The
ridge gradually increased,

and then decreased after,

a huge sound. /J/\J

/":’_,.._\/The machines such asa car

~<:///,E ora motorcycle are used \r:—-
| \ changing the rotating
’speed of a motor. It is
[ necessary to check how the

Hk sound and fluctuation )




The current flowing in the
plug socket is called alternating
current, and the direction of
flow always changes. Such
electricity can also be
examined with the FFI ~
Electricity?

Analyzer. / ¥ What do you
seein it?

How long
has this
machine been?

Most of the modern
machines have an
electric circuit. The
flowability of electricity
Is related to the motion
reaction of the machine.
The FFT analyzer can
visualize it.

=7 It has been since 20
22N\ years ago, but it has
~ ;

been widely used for
the last 10 years.

appliances have
become quiet and
more convenient
by using this




Foury, don't
you think

Daddy is doing
awonderful
job!?

Let's get home
along the
coastal road.




R ——— __...#-____"

Conclusion

This book was made for the general people to
know about the FFT Analyzer. However, the
FFT Anlayzer is used in a very specific field, so
it seems very difficult to understand smoothly.
That is why this book starts with the physical
explanation of the natural phenomena.

The concept of the FFT does not exist in our
general idea, so we cudgel our brains to
explain it simply. We found some books which
this field was written in an easy way. By
reading those books, we were surprised to
learn that wave fluctuations are not only
caused by sounds or vibrations but also by the
various natural phenomena in our
surroundings. We hope this book will help you
feel familiar with the wave motion. Also, we
would be happy if you could leave in the corner
of your head that a tool called FFT Analyzer is
helping us to make our lives convenient.



ONO fOKKI
ONO SOKKI CO., LTD.
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