HOW 1S ELECTRICAL
ENERGY CREATED?

WHAT A SUR-

ERS, KENTA!

PRISE! T NEVER
IMAGINED YOU'D
END UP ONE OF
AKARI'S TEACH-

IT'S FINE.
SHE CAN
CALL ME B
WHAT SHE 12
WANTS AT/
HOME.

NOW, NOW,
AKARI. \
IT'S "MR. ESPE- /
MIYAMA,” CIALLY
REMEMBER? HIS

EXPERI-
MENTS!

15 L
THAT \\
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KENTA WAS
ALWAYS LIKE
THIS BIG BRO
WHO WAS AL-
WAYS GETTING

INTO TROU-

BLE...

...BUT NOW

HE'S REALLY

POPULAR AT
SCHoOL!

I USED TO MESS
UP A TON BECAUSE
I COULDN'T TELL THE
DIFFERENCE BETWEEN
TRYING NEW THINGS
AND BEING JUST
PLAIN RECKLESS.

you
KNOW,
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s Nk, TV | WELL, LOOK
A LONG et & || sur i you know
waY 10 vouve ge- || HOW TO coNoucT
GO. cOME, KENTA. || AN EXPERIMENT
PROPERLY,
THERE'S NO
MORE DANGER.
IT'S NOTHING
BUT FUN!

EXPER/-

KENTA'S MENTING
REALLY WITHOUT
CHANGED BEING
NOW THAT RECKLESS,
HE'S ALL HUH. ..
GROWN UP.
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77( OM, RIGHT,
: r \

%&[] 7 WONDER
KENTA. HOW &O WHAT SORT
DID YOU HANDLE e g@ OF GROWN-
THE BLACKOUT & S yon
THE OTHER BECOME?

WHAT!? » l OH. THAT?
T WAS FINE.

HOW? N
o=

4



I HAD NO PROB-
LEM BOILING
WATER OR USING
MY HOT PLATE
TO COOK MYSELF
SOME YUMMY
STIR FRY.

THAT'S  HUH.
PRETTY
IMPRES-
SIVE.

WELL, MY CAR
IS A FUEL CELL
VEHICLE. IT GEN-
ERATES ELECTRIC-
ITY THROUGH A
CHEMICAL REACTION
BETWEEN HYDROGEN
AND OXYGEN, SO
I JusT USED THE
ELECTRICITY IT GEN-
ERATED TO POWER
MY HOME.

WHEN THE
WEATHER'S
CLEAR, IT GENER-
ATES ELECTRICITY
USING SUNLIGHT.
THAT WAY, EVEN
IF THERE IS A
BLACKOUT, T
CAN STILL UsSE
MY ELECTRON-
ICS IF THEY'RE
PLUGGED INTO
AN OUTLET.

I'M ALSO
ABLE TO
STORE
ELECTRICITY.
I HAVE A sO-
LAR-POWERED
CHARGING
SYSTEM ON
MY BALCONY.

G
Uy

VIARLL
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"PERFECT
PREPARATIONE
PREVENTS
POOR PER-
FORMANCE,"
HUH?

VIARLL

WHEN WE DID THAT
EXPERIMENT THE
OTHER DAY, YOU

SAID THAT SOUIND,
LIGHT, AND HEAT
ARE ALL ENERGY,

RIGHT?

HEY,
KENTA?

YUP, THAT'S
RIGHT. You

HAVE A GOOD
MEMORY.
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...DOES

7 THAT MEAN

o IN SCIENTIFIC THAT ELEC- IF ELECTRIC-
/ TERMS, WHEN TRICITY CAN ITY 15 WHAT
% %\7\ THINGS MOVE WE BECOME POWERS THE
— CALL IT "MOTION". SOUND, LIGHTS, AND
P MOTION IS ALSO LIGHT, AND MAKES THE
$ A FORM OF HEAT? TV AND AC

ENERGY. WORK...

YEAH!
ELEC-
TRICITY
IS ALSO
ENERGY!




NEXT WEEK,
WE'RE GOING
TO START
LEARNING
ABOUT ELEC-
TROMAGNETS.
HAVE You
EVER HEARD

OF THEM?

you
KNOwW
WHAT?
i I'VE GOT

ONE ON

IN BOTH CAS-
ES, ELECTRI-
CAL ENERGY

1S BEING CON-

VERTED INTO

MOTION ENER-
GY. ELECTRI-
CAL ENERGY

1S EASILY

CHANGED INTO

OTHER FORMS
OF ENERGY

MAKING IT

VERY CONVE-

NIENT.

(mw]

FOR EX-
AMPLE, IF
YOU POWER
A VACUUM
CLEANER
WITH ELEC-
TRICITY, ITS
PARTS MOVE
TO sUCK UpP

DIRT.

You MAKE
AN ELEVATOR
MOVE WITH
ELECTRIC
ENERGY
TO CARRY
PEOPLE.

Elevator

WE TAKE THIS

CONDUCTING
WIRE AND
Ol TIT TO
< ANQE%E'R\,_ Iron Bolt g\
(Iron Core) A%

” A Thick Straw
(Cardboard works, too)

THIS IS AN
IRON BOLT
WRAPPED IN
A CONDUCT-
ING WIRE TO
FORM A COIL.

44
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CHAPTER 2: HOW IS ELECTRICAL ENERGY CREATED?

AsS WE
BRING THIS
PAPERCLIP
CLOSER...

MAGNETS HAVE

A NORTH AND
SOUTH POLE. TF

AS WE WE'RE SPEAK-
BRING A ING ABOUT THIS
COMPASS HERE COIL, THEN

CLOSE
TO IT...

THIS TIP IS THE
NORTH POLE.

\ SEE
HOW THE
SOUTH
3 POLE IS
YOU'RE—V-
e 7 NG\ | RoTATNG
CLOSER?
O

THIS MECH-
ANISM 1S
CALLED AN
ELECTRO-
MAGNET.

YES, THAT'S
CORRECT.

...ELECTRIC-
ITY FLOWS
THROUGH
THE COIL,

MAKING THE

IRON CORE A




THE
SOUTH
AND
NORTH |
POLES [F

ARE RE-
VERSED.

ALSO, IF IF WE DIs-
WE CHANGE CONNECT THE
THE DIREC- BATTERY, THEN
TION OF THE IT LOSES ITS

FLOW OF MAGNETIC
ELECTRICI-

A DEVICE MADE
TO USE THESE
PROPERTIES
IS CALLED A
MOTOR.

THAT'S
RIGHT!
YOou GET

IT! THE ELECTRICITY

CONTROLS WHICH
WAY THE MAGNET

A
Uy

VIARLL
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Paperclip

THIS IS A MODEL T
CREATED IN ORDER
TO EXPLAIN HOW A

MOTOR WORKS.

Paperclip
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WHEN
You ADD
ELECTRICTY...

47

HowW
DOES

IT SPIN,
THOUGH?

THIS IS
WHAT A
MOTOR [S.

THE ELECTRICAL
ENERGY BEGINS
TO ROTATE,
TRANSFORMING
INTO MOTION
ENERGY.




THE TIP OF THIS
COIL'S MAGNET
WIRE HAS HALF
OF ITS INSULA-
TION REMOVED.

Exposed Section

Exposed Section
(Electricity can ﬂow)_l (Electricity can flow)

Insulated Section
(Electricity cannot flow)

WHEN THE
SECTION OF THE
WIRE WHERE THE
INSULATION HAS
BEEN REMOVED

TOUCHES THE
PAPERCLIP, ELEC-
TRICITY FLOWS,
MAKING THE COIL
A MAGNET.

BUT THEN THE NORTH THE PART UP

POLE WILL JUST CON- HERE 16 THE

DO MR THE il
50 IT'S PULLED

WHAT HAPPENS | | 12 GNET BELOW, S0 TOWARD THE

THE IF, RIGHT THEN, THE SPINNING WILL

ELECTRIC- THE INSULATED SOUTH POLE OF

STOP WHEN IT GETS THE MAGNET

ITY sToPS PART TOUCHES TO THE BOTTOM,

jerce: By } BELOW AND BE-

RIGHT? GINS TO SPIN.

HMM. YEAH,
I SEE.

= f\

|
Silence

VIARLL
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CHAPTER 2: HOW IS ELECTRICAL ENERGY CREATED?

cooL!

S0 THE NORTH POLE
MOVES BACK UP TO THE 50O IT JusT
TOP, THE NON-INSULAT- KEEPS MOVING
ED PART TOUCHES THE WITH THE

PAPERCLIP, AND THE  MOMENTUM IT'S
WHOLE THING REPEATS.  SAVED UP.
THE ROTATIONAL MOVE-
MENT CAUSED BY THE
CHANGE IN THE MAGNET
CREATES A KIND OF

OH, I GET IT!
THEN IT WON'T BE
PULLED TOWARD

THE MAGNET
ANYMORE.

CORRECT.
IF WE DO
THAT, IT
LOSES ITS
MAGNETIC
FORCE.

Flow
finishes
N
HAVING THREE
ColLS ALLOWS ZHEEAE
THE MOTOR TO MOTOR. SEE
ROTATE MORE HOW THERE
THE PARTS  ARE THREE
ON EITHER cos?
SIDE ARE
MAGNETS.

REALLY?

MOTORS ARE
USED FOR ALL
SORTS OF
THINGS.

49



A 19TH DRIERS,
CENTURY WHO WAS ELECTRIC
ENGLISH SMART FANS, AND

SCIENTIST. ENOUGH TO THE LIET
THAT?

Trains

2AN)

Amusement
Park Rides

Ropeways
Vacuums
MICHAEL FARADAY - a
C1791-1867) e A
"THE FATHER OF ashing /M v
ELECTROMAGNETISM” Machines @,
BY MOVING A
REALLY!? MAGNET NEAR ... 6HOULDN'T AtlfvTv’:'ggé\Tl ss TNOOITT
AT MOTION ENERGY 1 -e TiE ELECTRI-
el CONVERT INTO /x| "eNERGY CON-
LY GENERATE ELECTRICAL
ELECTRICITY. ENERGY? VERTS TO MOTION

ENERGY...

A
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VIARLL

‘AVa SIHL OL aTdOM 3HL ANNOAY aV3d S| FTANYVI ¥V 40 AAOLSIH TVIIWIHI FHL S31d3S FdNLI31 SIH “WSILANIYWORLI313 40 d3HLV4 3HL SV OL d3dxd343d N3L4O SI Avavavd 13vHIIW



#'NOILINANI J1L3ANIYWORLI313, 31TV Sl ANFHAND J1b10373 NV 39Nna0dd OL a13id JILANIYW V 4O 3AISNI SLANIYW dO S1102 d3HLIZ INIAOW VINRLL

WATCH AND
LEARN. IF
WE MOVE IT|
LIKE THIS...

YES, IT

DOES. | i

DOES THIS
MEAN ELECTRIC-
ITY 1S FLOWING
THROUGH IT?

THE PERSON
WHO DIscov-
ERED THIS
PRINCIPLE
WAS NONE
OTHER THAN
FARADAY.

YOU CAN
MOVE A
MAGNET
LIKE WE
JusT DID,

OR YOU CAN
MOVE THE
COolLs. THIS IS
WHAT WE CALL
GENERATING " A 7
ELECTRICITY. % ,,

=]



I'M PRET-
TY SURE... WAIT, DOES
RIGHT? THAT MEAN THAT
ELECTRICITY

GENERATED BY
POWER STATIONS
1S MADE BY MOV-
ING COILS AND
MAGNETS?

THAT'S
RIGHT.

THE AMOLUINT
OF ELECTRICITY
GENERATED |S DE-
TERMINED BY HOW
MANY TIMES THE
COlL 1S WRAPPED
AS WELL AS THE
ROTATION SPEED OF
THE MAGNET.

THIS IS THE COIL
THAT GENERATES
ELECTRICITY.

THIS IS A
ROTATING
MAGNET.

4,
%

A GIANT BUT HOW o

IMPELLER DOES IT

MAKES IT SPIN?

SPIN.
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THIS IS
CALLED
"POTENTIAL
ENERGY."

DOWNWARDS.

THINGS IN IT'S A FORM
HIGH PLAC- OF GENERAT-
ES POSSESS | WNo ELec-
ENERGY. THIS IS + TRICITY THAT
BECAUSE THEY /I USES
WANT TO FALL / A DAM.

FOR EXAM-

PLE, THERE'S
HYDROELEC-
TRIC POWER.

Generator

Rotating Magnet

Water
Turbine

THE IMPEL-
LERS USED IN
HYDROELECTRIC
POWER ARE
CALLED WATER
TURBINES.

A DAM COL-

LECTS WATER
AND THEN
IT THEN SYSTEMATI-
USES THAT  CALLY MAKES
FALLING FORCE IT FALL.
TO ROTATE
THE IMPELLER.
i
@OO00SH

Thaf's
inferesfing.




DO THOSE
METHODS SPIN
MAGNETS
AROUND, TOO?

AREN'T THERE
OTHER WAYS
TO GENERATE
ELECTRICITY,
LIKE THERMAL
POWER AND
WIND POWER?

WHAT'S
THE MOST
COMMON
KIND OF
POWER IN
JAPAN?

COM-
BINED,
THEY
PRODUCE
MORE
THAN 70%
OF OUR
ELECTRIC-
ITY.

LOOKS LIKE
IT'S THERMAL
POWER MADE
BY BURNING
NATURAL
GAS,
COAL,
AND
olL.

THOUGH,
SOLAR
POWER 1S
A BIT DIF-
FERENT.

NUCLEAR
AND GEO-
THERMAL
POWER

DOESN'T “CLEAN"
MEAN THAT YOU
SHOULD AVOID Re-
LEASING CARBON
DIOXIDE AS MUCH
AS POSSIBLE?

WE'RE LEARNING
ABOUT THE SPGS IN
SCHOOL. GOAL 7 IS

"AFFORDABLE AND
CLEAN ENERGY."
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THAT MEANS THAT A5 CLIMATE CHANGE
WE NEED TO CON-  CONTINLIES, WE'RE
TINUE TO REDUCE  GOING TO FACE EVEN
CARBON DIOXIDE  BIGGER PROBLEMS
EMISSIONS. LIKE EXTREME
WEATHER AND RISING
SEA LEVELS.

CHAPTER 2: HOW IS ELECTRICAL ENERGY CREATED?

CORRECT. BURNING
EARTH'S PRECIOUS
FOSSIL FUELS,
SUCH AS OIL, COAL,
AND NATURAL GAS,

pfg‘,ﬁig“,‘g IS CONNECTED TO

CONNECTED TO  GLOBAL WARMING.
RISING TEM-
PERATURES.

N

™~ ”
s O\:
aso |[/1°

THIS SAYS THAT
KENYA GENERATES
85% OF THEIR ELEC-

%LNLEEJV? TRICITY USING NATURAL
ABLE ENERGY, PARTICULARLY
ENERGY." GEOTHERMAL ENERGY.
\ THAT'S PRETTY
7 REMARKABLE.

WE ARE
TALKING
ABouTt
NATURE,

RELIABLE.

\ AFTER ALL.
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IT MEANS WAYS
OF GENERATING
ELECTRICITY THAT
USE NATURE'S
FORCES LIKE WIND,
SUNLIGHT, AND
WATER. IT DOESN'T|
USE UP NATURAL
RESOURCES AND
DOESN'T RELEASE
CARBON DIOXIDE.




DIEERENTY
ATE ELES

JENE

-
ey

THERE ARE MANY METHODS FOR GENERATING ELECTRICITY. NUMBERS ONE THROUGH SIX
ROTATE MASSIVE COILS AND MAGNETS TO GENERATE ELECTRICITY. LET'S EXAMINE THE
CHARACTERISTICS OF EACH.

VIARLL

Method

1. Thermal Power
Uses the heat created
from burning fossil
fuels to rotate turbines,
which turn the gen-
erators.

2. Hydroelectric
Power

Uses the force of
water falling to rotate
turbines, which turn
the generators.

3. Geothermal Power
Uses the heat from
underground magma
to rotate turbines,
which turn the gen-
erators.

4. Nuclear Power
Nuclear Power
Generation makes
use of thermal energy
generated by the
nuclear fission to

turn the generator by
rotating a turbine.

5. Wind Power

Uses the power of
wind to rotate propel-
lers, which turn the
generators.

6. Wave Power

Uses the rising and
falling of waves to
cause the expansion
and contraction of air
inside containers to
rotate turbines.

7. Solar Power

Uses sunlight to make
the electrons inside
solar batteries move,
generating electricity.

Fuel & Natural Resources

Natural gas, coal,
biomass, etc.

Benefits

Can reliably generate
large amounts of elec-
tricity.

Amount of energy gener-
ated can be adjusted.

Doesn't produce carbon
dioxide.

If the dam has enough
water, it can quickly
generate electricity when
needed.

Doesn't use up natural
resources.

Doesn't produce carbon
dioxide.

Can produce electricity
around the clock and

is unaffected by the
weather.

Stable generation of large
amount of electricity with
a small amount of fuel.
Zero CO2 emissions
during operation.

Doesn't use up natural
resources.

Doesn't produce carbon
dioxide.

Doesn't use up natural
resources.

Doesn't produce carbon
dioxide.

Doesn't use up natural
resources.

Doesn't produce carbon
dioxide.

Drawbacks

Produces carbon
dioxide.

Natural resources are
finite.

Constructing dams
has a massive impact
on the surrounding
environment.

Only available in
certain areas.

Radioactive waste.
Need to take safety
measures in case of
an accident.

Amount of electricity
generated depends

on the direction and
strength of the wind.

Very difficult to con-
struct structures that
can withstand the
frequently changing
ocean environment
and severe weather
such as typhoons
and high tides.

Amount of electricity
generated depends
on the weather.
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