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0)  Intro

Welcome to Science,  Welcome to Science,  
Enlights!  How well  Enlights!  How well  
do I know basic Science?do I know basic Science?

What is my science I-Q  What is my science I-Q  
or scI-Q?or scI-Q?

With this easy to understand With this easy to understand 
book, I improve my scI-Q!book, I improve my scI-Q!

Science is like the spicy,  Science is like the spicy,  
secret sauce that enablessecret sauce that enables  
 and energizes the tech   and energizes the tech  
objects that I use everyday!objects that I use everyday!
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We start our science quest We start our science quest 
with 7 ideas that open our with 7 ideas that open our 
minds from atoms to apples.minds from atoms to apples.
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Certainly science has a dark side, where it 
is turned into weapons.  Atomic Bombs are 
examples.  The same atoms are also used to 
make electricity.  Science is the essence of 
light too.  This is the story of seven ideas  
of science that make our world a better 
place to live.

iv Seven Ideas
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To the Readers:
Bits of Science (Sci-Bits) like  
puzzle	pieces	fit	together	to	 
help us understand our world.

viiSeven Ideas

It is ok if you do not understand every word  
in this book.  Keep learning Sci-Bits to see  
the overall picture of how our world works.



Our ancestors lived in caves.

. Intro
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They learned Science.  They 
moved out of the caves  
and progress onwards.  

Here are 7 ideas of Science  
that enhance our lives.  

Science opens our eyes and 
encourages our curiosity to  
explore our world and beyond.

2Seven Ideas



1) Everything on  
earth is made of atoms. 

3

. Atoms Alone

. Combine into Compounds

. Mix Together

Seven Ideas



. Atoms Alone

Caves and everything else  
on earth are made of atoms.

4Seven Ideas



Caves are made from rocks.  Rocks  
break down to become sand.  What 
is sand made of?  Atoms.   
It is amazing to realize that 
everything around us is only made 
of about 100 different types of 
atoms called elements.  Oh, and by 
the way, that includes us as well.

Atoms have a center 
nucleus surrounded by 
electrons.

5  Seven Ideas



Combine into Compounds 

H 

H 

H 

H C 

6Seven Ideas

Atoms combine together to make 
new chemicals called compounds. 



7

 For example, oil is made of carbon 
(C) and hydrogen (H) atoms.  The 
same atoms under different heat 
and pressure make different  
materials.  C & H atoms also  
make sugar, coal and tar.  
Actually, everything alive  
contains carbon atoms.

The sun is made of atoms too.

Seven Ideas



Fuse and Fizz

8Seven Ideas



9

Fusion (Fuse)

Under extreme conditions in stars, small 
H atoms join together to make a new 
element, Helium (He).  When atoms join, 
energy is given off.  The sun is hot but  
it	is	not	on	fire.		It	is	powered	by	fusion.
H atoms join together to make bigger  
He atoms.  Yup, the stuff in party 
balloons is a by-product of what makes 
the sun shine.  That is, the sun gives off 
heat and light.  We see it as sunshine  
on earth.  That life giving brightness  
that is basic to life as we know it.  

To recap, when atoms join  
together energy is given off.

Seven Ideas



Fission (Fizz)

Interestingly, energy is also given off when 
atoms	break	apart.	This	is	called	fission.		
When uranium atoms break into smaller 
atoms, energy is given off.  This is the 
source of atomic energy.

Uranium atomic bomb 

Barium 

energy

Krypton

10Seven Ideas



11

That is, the energy from splitting 
uranium atoms is what powers atomic 
bombs and nuclear power plants.

Nuclear power plants use splitting atoms  
to heat water into steam.  The steam  
turns giant turbines to make electricity.
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2) Electricity and 
Magnets are related. 
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13

Electricity is made of moving  
electrons.  Just how is electricity 
made?  Simply move a magnet  
near wire or the reverse, move 
wire near magnets.  That`s it!

Falling	water,	coal	fires,	wind	 
and nuclear energy are all  
used to turn wires near 
magnets to make electricity.

Induction 

Seven Ideas
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Electric	motors	work	in	reverse.	Electricity	flows	
through wire coils.  This makes an inner magnet  
that pushes against the outer magnets to make  
the motor move.  Magnets have two ends or poles. 
Just like how the earth has north and south poles. 
With magnets, same poles push apart and opposite 
poles	attract	each	other.		It	is	the	flow	of	 
electrons that turns coils of wire into magnets.

14Seven Ideas



Electronics 

As	electricity	flows,	it	also	powers	 
telephones, TV`s and other electronics.  
This includes computers.  Inside 
computers,	electricity	flows	like	
mini bursts of lightning.  They 
flow	along	the	linked	lines	of	
micro chips to compute data.
Data is stored in computer memories  
by turning electricity into micro  
magnets.  When the computer needs  
the data again, magnetic patterns  
are turned back into electricity.

15 Seven Ideas
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Electricity is also very bright.
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Electric Light

Electricity	flows	through	a	thin	wire	
called	a	filament	to	make	a	light	bulb	glow.
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That is, electricity heats the  
thin wire until it is so hot, it glows.

This type of light bulb is called incandescent.

Electricity  In

Out

18Seven Ideas



This is another type of light  
bulb.  Electricity heats these  
mercury atoms until they make the 
white coating glow to give off light.  

These light bulbs use less electricity 
but give off more light.  These  
fluorescent	bulbs	last	longer	 
than	the	filament	light	bulbs.	
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Lights do more than just turn on and off.
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3) Light can bend, 
bounce and beam. 

. Refract

.	Reflect

. Shine 

21 Seven Ideas



It is hard to explain just 
what light is.  It is easier 
to see what light can do.  
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Light bends or refracts through  
a prism.  The white light separates  
into the different colors of a rainbow.
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. Refract

Light bends or refracts 
through glass lenses to 
focus images in cameras.

24Seven Ideas



Here is an example of how light bends.

The pencil is really straight but it looks 
bent because light bends in the water.

Light also bounces.

25 Seven Ideas



.	Reflect

We	see	our	reflection	because	
light bounces off mirrors.

Similarly, the moon and 
planets don`t have their  
own light sources.  We 
see them because they  
reflect	light	from	the	sun.

26Seven Ideas



In this picture, sunlight bounces off this 
lake	to	reflect	the	mountain	and	trees.		

The sun is our main source of light.

27 Seven Ideas



. Shine 

To	recap,	the	sun	is	not	on	fire.
inside the sun, H atoms join into  
He atoms.  Sun fusion gives off  
energy and light.  We see sun-
shine  
and feel sun beams on earth. 
Scientist think the sun is over 4  
billion years old.  It is believed  
to be middle aged.  So, hopefully,  
it will shine for at least 4  
billion more years.  
The sun is very hot.

28Seven Ideas
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Glow sticks work the same way.

Light made by life is called biolumines-
cence.

Light is also entertaining.

29

Light	can	be	cool	too.		Some	creatures	like	fireflies	 
and	jellyfish	make	their	own	light.		Inside	their	bod-
ies, special cool chemicals mix together to make light. 
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At the movies, light shines from 
the projector`s light bulb. Light 
focuses through lenses, bounces 
off the screen and into our eyes.

FL1 - Mattia Luigi Nappi

30Seven Ideas

When we watch movies on our electronic  
screens, electricity turns into lights that  

energize color scenes into stories we connect with.



Some movies are about dinosaurs.
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4) Life Changes

. Evolution

. Fossils

. Fossil Fuels 

32Seven Ideas



. Evolution

Mammoth

Elephant
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33

Over time, life changes or  
evolves.  We know about ancient 
life because of fossils.  Living  
animals are different than  
their distant ancestors.
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As fascinating as fossils are, they are  
only glimpses of how the world once was.  
Before fossils were discovered people 
thought that the world has always been  
the same.  Fossils show us how  
life changes or evolves over time.

Ammonite Nautilus
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. Fossils
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Before they became part of rocks,  
creatures like dinosaurs were  
actually alive.  Fossils show interesting 
life forms.  We wonder with awe and 
curiosity what the world was like back 
then.

Why is oil called a fossil fuel?  
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. Fossil Fuels

Remember how everything 
alive has carbon atoms?  
Let`s go back in time 
to millions of years ago. FL
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Ancient ocean life - like plankton  
and	fish	-	died.		It	settled	on	the	 
bottom of the shallow seas.  The  
layers of carbon and hydrogen  
remains were covered over with sand.  

Over time, heat and pressure turned 
the carbon into oil and natural gas. 

Also, ancient land plants died  
and piled on top of each  
other to become coal. 

This is why oil, natural gas  
and coal are called fossil fuels.

Over millions of years the earth 
changed.  The ancient sea sand  
turned into buried rocks with  
pockets oil and gas.  

38Seven Ideas



How did our ancestors learn about oil?  
Oil	floats	on	water.		Even	though	it	is	
buried deep underground, overtime small 
amounts of oil seep through cracks in 
the rocks.  Oil makes its way to the sur-
face.  Ancient people used oil to water-
proof bowls and boats.  Our ancestors 
learn that oil burns. 
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Today, people drill holes into the 
earth to get oil and natural gas.

40
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5) Energy 
Changes Form

. Fuel Burns
 
. Fire Triangle

. Engines Move

41 Seven Ideas



. Fuel Burns 
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Wood has C atoms.
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When fuel burns, it changes 
chemical energy into the  
heat	and	light	energy	of	fire.
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Since	caves,	humans	use	fire	to	cook	and	heat	our	homes.



Fire has three parts like a 
triangle.  The C atoms in the  
fuel quickly combine with  
oxygen atoms from the air.   
When the atoms join they  
give off heat and light. 

. Fire Triangle

44Seven Ideas



Fire gives machines power.
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. Engines Move

Controlled bursts of burning gas push 
pistons down to make car engines move.  
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In a jet engine, air  
comes in, burns and  
then quickly pushes 
out.  

FL1 - Jeff Dahl
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It is the energy from the burnt  
fuel that pushes the plane forward.  

Radio waves helps keep planes  
from crashing into each other.

48Seven Ideas



6) Radio Waves 
Are Useful 

Radio Wave Dish
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. Radar

. Radio

. Wireless
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. Radar

Radar sends out radio waves.  Some of the 
waves	reflect	off	of	objects	like	airplanes.		
The	reflected	waves	return	to	the	radar	
station.
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Bounced radio waves turn into blips on the 
radar screen.  They show the planes location 
and	distance.		Radar	controls	airplane	traffic.

Planes and ground stations  
use radios to communicate.

51 Seven Ideas



. Radio

Guess what radios use?  Yup!  They 
use radio waves.  Radio waves are 
`cousins` to light.   These waves are 
called `electromagnetic` or EM.  
They are made of tiny electric and 
magnetic parts.

electricity

magnet
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Different types of EM waves vary in length.  
Radio waves are longer than light waves.  
Light waves are the size of microscopic  
bacteria.  Radio waves vary in length from 
meters to kilometers.  That is, radio  
waves can be as long as mountains are high. 

light radio

FL1 - Tatoute and Phrood

53

How are radio waves made?
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To recap, electricity makes magnets move in 
a motor!  Quickly turning electricity on and 
off turns the magnets on and off too.   
Turning magnets on and off makes radio 
waves.  Changing how fast the magnets go  
on and off changes the type of radio waves. 

radio waves
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Radio stations have numbers based on the  
frequency or number of waves per second.

FM

AM

MHz

kHz



Radios don`t need wires.  It is 
why they are called `wireless

Radio	waves	flow	
from antennas.  
Radio	waves	flow	
through air and 
space.  They are 
received by the 
receiving antenna.  
Car radios work 
this way too.

55 Seven Ideas



. Wireless
WiFi is type of wireless communication.  
It uses radio waves to connect  
computers together.

56

Smartphones also use wireless technology.
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In a coverage area called a cell, there 
is a base station.  Tower antennas send 
and receive our voices, text and  
pictures using wireless radio waves.  
This is how our `cell` phones work.

Apple makes i-phones.

57 Seven Ideas



7) Gravity is Attractive.

. Apples Fall

. Earth Orbits

. Galaxy Glue

58Seven Ideas



. Apples Fall

Real apples fall to the earth 
because gravity pulls them 
down.  Gravity is what keeps 
our feet on the ground too.

59 Seven Ideas



Gravity is the pulling power where 
heavier objects pull on or attract 
lighter ones.

N
A
SA
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. Earth Orbits

Gravity is why the moon  
circles the earth.  It is  
also why the earth goes  
around or orbits the sun.

N
A

SA
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All the planets in our solar 
system orbit the sun because 
of gravity.

62Seven Ideas



. Galaxy Glue

Our solar system is part 
of a galaxy that turns 
together in space because 
of gravity.  Gravity is the 
“glue” that keeps it all 
together.

63 Seven Ideas



Milky Way Galaxy

64Seven Ideas



Our Milky Way Galaxy spiral turns or 
revolves together in space because of 
gravity.  Our galaxy echoes with distant 
Radio Waves that hint at the origins of  
everything in the universe.
Energy constantly changes forms.  Deep 
within stars, small atoms continue to join 
into bigger ones.  They give off heat  
and light.
Stars shine like countless Christmas Tree 
lights on the endless canvas of space all 
around us.  From our star, Sunlight  
powers life on earth, even as that life 
evolves.  Earth spins and makes often 
changing sunny or stormy weather.

Conclusion
- Revolve and Evolve

65 Seven Ideas



Lightning strikes from sky to Earth as 
electricity	finds	its	way	back	to	ground.
The ground and all life on it are made of 
atoms.  Over time, the ground is heated 
and pushed into rocks and mountains.  
Caves form.  Caves are also symbols of 
where humans, our ancestors, once  
lived.  Dark caves show us what life  
would still be like without Science.

The essence of Science is using knowledge 
like these seven ideas to better all of our 
lives!  As Science enables worldwide 
communication, may we embrace that  
we are all on this revolving and  
evolving adventure together!
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7 IDEAS VIDEO Script
WELCOME TO — Science with 7 Easy Ideas
i-1) There is science in space…  i-2) and in sunshine.
i-4) Science is in everything from dark to the light.
i-5) Welcome to the true story of Science - with Seven Easy Ideas
From Atoms Alone To Galaxy Glue
1-1) ONE, Everything on earth is made of atoms.
1-2) Actually, everything we see is only made of less than 100 different 
types of atoms.
1-3) Atoms combine together to make new chemicals called compounds.
Living things are mostly made of these atoms  That includes, plants, ani-
mals and us.  The sun is made of atoms too.
1-4) Inside stars, small H (Hydrogen) atoms join together to make a new 
element, He atoms (Helium).  When atoms join, energy is given off. This 
makes the sun hot but it is not on fire. This is called, Fusion. So, when 
atoms JOIN together, Energy is given off.
1-5) Interestingly, Energy is also given off, when atoms BREAK apart. This 
is called Fission. When Uranium atoms break into smaller atoms, Energy is 
given off.  The Energy from splitting uranium atoms powers atomic bombs 
and electricity powerplants. How is Electricity made?
2-1) TWO, Electricity and Magnets are related
2-2-1) Want to know a Secret, just turning wires near Magnets to make Electricity!
2-2-2) “It’s that simple! All the AC Electricity around me is made JUST this 
Way.”  Water…… Steam…….. And Wind powers, all turn the wires near 
magnets to make the electricity.
2-3-1) The Reverse, makes electric motors move.
2-3-2) Electricity flows in wires, makes a magnet that pushes on other magnets to 
make motors turn. Wow!   These all move because of electric motors.
2-4-1) Do you know? The earth is a giant magnet too. 
I see this with a compass.
2–4-2) Electricity and magnets also make Electronics work.
2-4-3) Digital means bits of electricity that power computer chips.
2-4-4) Disk Drives work with Magnets.
2-5) Next, Electricity makes light in Light bulbs.
3-1) THREE, LIGHT, Bends, Bounces and Beams
It is hard to explain what light is. It is easier to see what light does.
3-2) Light bends. We see this with prisms.  Also, when light  
goes from air to water.  Lenses bend light to take pictures too.
3-3) Light also bounces.  Light reflects in mirrors. And lakes.
Also, we see the moon because it reflects the suns light.
The sun gives off light.
3-4-1) With hot fusion, the sun gives off light or shines.
The sun should shine, for Four Billion years more.
3-4-2) Some light uses cool chemicals to make its own light.
3-5-1) Light is also why we see.  3-5-2) With light, we also see movies.
3-5-3) Some movies are about dinosaurs.
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4-1) FOUR, Life Changes.  It is Amazing, that dinosaurs and other crea-
tures once lived on earth.  4-2) Over time, life changes or evolves.
4-3-1) Fossils show us glimpses of interesting life forms of the past.
We wonder, at how the world changes over time.
4-3-2) Why is oil called a fossil fuel?
4-4-1) Let`s go back in time to millions of years ago.
4-4-2) As ancient sea life dies, it settles on the ocean floor.  
Get covered with sand.
4-5-1) Over time, heat and pressure, turn the carbon into oil & natural gas.
4-5-2) Oil is buried deep underground. How do our ancestor learn about oil?
4-6-1) Overtime, oil seeps through rock cracks up to the surface.  
Ancient people learn that oil burns.
4-7-1) Today, people drill holes into the earth to get oil and natural gas.
4-7-2) We use oil and gas as fuel to get energy.
5-1) FIVE, Energy changes Form  5-2-1) Fuel has Carbon atoms from 
ancient life. 5-2-2) When fuel burns, chemical energy changes into the heat 
energy. 5-3-1) Fire has three parts.
5-3-2) Fuel C (Carbon) atoms quickly combine with air, O (Oxygen) atoms.
5-3-3) When the atoms join, they give off heat and light.
5-3-4) Fire powers machines.  5-4-1) for example, Controlled bursts of 
burning gas, push pistons down to make car engines move.
5-4-2) In a jet engine, air comes in, burns & then quickly pushes the plane forward.
5-4-3) Radio Waves help keep planes from crashing into each other.
6-1) SIX, Radio Waves Are Useful!
6-2-1) Radar sends out Radio Waves. Some of the waves reflect off of objects like 
airplanes. The reflected waves return to the radar station.  
6-2-2) Bounced radio waves, on radar screens, help keep planes safely apart.
6-2-3) Planes and ground stations use radios to communicate.
6-3-1) Guess what Radios use? Yup! They use Radio Waves.
6-3-2) Radio Waves can be as long as mountains are high.
6-3-3) Radios don`t need wires. It is why they are called `wireless`.
6-4) WiFi is another wireless communication. It uses Radio Waves to connect com-
puters together. 6-5) Smartphones use Radio Waves to make calls.
6-6) i-Phones are made by Apple. Why do apples fall off trees?
7-1) SEVEN, Gravity is Attractive
7-2-1) Real apples fall to the earth because gravity pulls them down.
7-2-2) Gravity is what keeps our feet on the ground too.
7-2-3) Gravity is pull power. Heavy objects pull on or attract lighter ones.
7-3-1) Gravity is why the moon, circles the earth.
7-3-2) It is also why the planets go around or orbits the sun.
7-4) Our solar system is part of a galaxy that turns together in space,  
because of gravity. Gravity is the “glue” that keeps it all together.
C-1) To Close. Gravity is Attractive  C-2) Radio Waves Are Useful  C-3) Energy 
changes form  C-4) Life Changes. C-5) Light - Bends, Bounces & Beams
C-6) Electricity and Magnets are related C-7) Everything on earth is made of atoms. 
C-8) Today, Our world is CHANGING!
C-9) Science helps us make sense of these world changing events..
C-10) Daily, digital objects get more powerful.  Also, computer  
controlled machines and Robots are doing more jobs.
C-11) Knowing science helps me adapt and thrive to the flood of tech changes!



This is the simple story of science from  This is the simple story of science from  
atoms and oil to waves and wireless.  Inside atoms and oil to waves and wireless.  Inside 
this book, seven easy to understand ideas this book, seven easy to understand ideas 
are explored.  For it is science that brings are explored.  For it is science that brings 
light to night and improves our lives.light to night and improves our lives.
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With airplanes, our feet With airplanes, our feet 
are no longer gravity-glued  are no longer gravity-glued  
onto land.  We earthlings  onto land.  We earthlings  
soar upwards to become soar upwards to become 
sky-lings.sky-lings.
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When	we	fly,	the	 
forces are with us: 
Forward, Backward,  
Up and Down.
The breaths we take 
give us a clue to the 
secret ingredient of 
flight!	-	AIR!

Airplanes
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This airplane weighs as much 
as 100 elephants.  How can 
something so heavy get  
off the ground?

1

Intro

Why	do	airplanes	fly?
Airplanes
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1) Thrust Forward
2) Lift Up
3) Drag Back
4) Gravity Down

Four Forces

It is all about 
four uneven forces.

Gravity

Lift
Thrust

Drag

Airplanes



Engines thrust air backwards. 
Thrust pushes the plane forwards. 
There are two types of engines.

3

1) Thrust Forward

Airplanes
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Prop planes have engines similar to 
cars.  Burning fuel pushes pistons 
that turn propellers. The propeller is 
shaped like a twisted wing.  Turning 
propellers, thrust air backwards.   
Thrust pushes the plane forwards. 

Propellers

Airplanes
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Jet engines don`t have propellers.   
Inside, fans squish air into chambers.   
Next, fuel burns.  The exhaust pushes  
backwards. This thrusts the plane forwards.

Jet Engines

Air In Squish Air Burn Exhaust

ExhaustThrust

Airplanes
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The	shape	of	the	wing,	forces	air	to	flow	
faster over the top.  There are two ways to 
think about how wings push or lift the plane 
up.		The	faster	air	from	on	top	flows	over	
the wing and then down to push the plane up.

2) Lift Up

Airplanes
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Try This!  Blow over a piece a  
paper.  See how air pressure  
pushes or lifts the paper up.

Another way to see this, is that the 
faster air on top has lower pressure.  
The slower air under the wing is higher 
pressure.  The higher pressure air  
under the wing pushes the plane up. 
This is called lift.

Wings Lift

Airplanes
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An	airplane's	first	name	is	“air”.	
Air	is	important	to	why	planes	fly.	
We live in a sea of air, atmosphere. 
Earth`s air is 60 miles (100 km) tall.

Air has pressure.  
To recap, differences 
in air pressure from 
above and below the 
wing, push the 
plane up.

Air Pressure

 Airplanes
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Bike riders streamline their shape  
so they go faster through the air.
Air in front of planes also pushes back. 
This slows the plane and is called drag.  
During	flight,	the	engines	have	to	 
push harder to overcome drag. 
Drag is useful to slow the plane  
down when we want to land.

3) Drag Back

Air

Airplanes
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When	a	plane	is	flying,	slowing	 
the plane leads to less lift.   
Gravity then pulls the plane down.

4) Gravity Down

A large object  
pulls on smaller  
objects.  This  
is called gravity.  
Gravity pulls  
apples down  
from trees.  
Gravity also  
keeps us on  
Earth.

 Airplanes
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Uneven Forces

These are the four uneven forces  
of	flight.		Let's	look	at	how	they	 
make a plane  - with the weight  
of	a	herd	of	elephants	-	fly.	

Airplanes
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From the gate, the plane is slowly  
pushed to the runway.   The engine  
power increases. Thrust pushes  
the plane forward faster and faster. 

Taxi

Airplanes
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Air	flows	fast	over	the	wings.	
Lift, pushes up as gravity pulls down. 
There is a WOW point, where lift up is 
greater than gravity down. Suddenly, the 
plane lifts off the land. The Weight is 
Off	the	Wheels.	WOW!		The	plane	flies.	

Weight Off Wheels - WOW!

Airplanes
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Take Off

Next, lift continues to push  
the plane up into the air.

Airplanes
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Cruise
There is a point where lift up and  
gravity down are even or balanced.   
The plane stops climbing.  Engine thrust 
continues to push the plane forward. 

Lift up equals gravity down.  Forward 
thrust is more than the drag back.

Airplanes
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Control

During	flight,	controls	 
change the plane's direction. 

Rudder

Elevators

Spoiler

Aileron

Airplanes
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Rudder YAW

Rudder moves the  
plane left or right.

Rudder

Airplanes
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Tail elevators move  
the plane up or down.

Elevator PITCH

Elevators

Airplanes
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Ailerons roll the  
plane from side to side. 

Aileron ROLL

Ailerons

Airplanes
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Pilots combine the three controls  
to change the plane's direction 
smoothly.  This is more comfortable 
for the passengers and crew. 

Pilots call the three control  
directions: Yaw, Pitch and Roll.

Combo Controls

Elevator

PITCH

YAWROLL

Ailerons Rudder

Airplanes



21

GPS or Global Positioning System is a ring of  
satellites that tell location on and around the  
earth.  This satellite navigation is called sat-nav.

Navigate

Planes	find	their	
way the same way 
as smartphone 
map software.  

They use GPS or 
similar systems.  

Airplanes
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Pilots in airplanes  
communicate by radios 
with ground stations 
for permission to land.

Communicate

Airplanes
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Gravity Down
So how do we bring the plane back to land?

Slowing the engines, 
reduces thrust and 
reduces	air	flowing	
over the wings  
which reduces lift.

Gravity is now stronger than lift.  
Gravity pulls the plane down.

Gravity

Lift

Thrust

Drag

Airplanes
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Spoiler	flaps	increase	drag.		
This reduces the plane's speed too. 

Drag Back

On the ground, Thrust Reversers  
and brakes help slow down the plane.  

spoilers

thrust reverser

Airplanes
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And	so	our	story	of	flight	has	 
come full circle, from the land  
to the sky and back to land again.

Steer & Stop
Like a car, steering moves the  
plane right or left on land.  Brakes  
stop the plane at the new airport.

Airplanes
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Forces of Flight

The	science	of	flight	is	simple.	
     Engines thrust forward.
     Wings lift up.
     Drag slows back. 
     Gravity pulls the plane down.

THRUST
DRAG

LIFT

GRAVITY

Airplanes
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The	first	ingredient	of	why	planes	fly	 
is air.  Engines force air backwards to  
push	the	plane	forwards.		Air	flows	over	
and under wings to lift the plane up.  Air 
resistance drags the plane to slow it down.

Conclusion

Gravity brings the plane, back down to  
earth.  Gravity also holds a circle sphere  
of	air	around	the	earth.		Planes	fly	 
around the world in this atmosphere. 

Now	we	know	why	heavy	airplanes	fly!		 
Simply	said,	flight	is	the	right	combo	of	air	
pressure and thrust, lift, drag and gravity.  

Airplanes



1) In four words,  
    why do airplanes fly?

Here are 8 interesting  
questions about flight.

28

3)THRUST
4) DRAG

1) LIFT

2) GRAVITY

 Airplanes



2) What are three Flight 
Control directions called?

29 Airplanes



3) What are the three  
parts that control the plane?

30

3) Ailerons

1) Rudder

2) Elevators

Airplanes



4) Why do jet airplanes  
have swept wings and  
engines hanging below?

31

Propeller planes have straight wings.  Jet 
engines are so strong they can cause a  
problem called flutter.  Flutter is uncontrolled 
bending up and down of the wing.   This  
can break the plane.  Swept wings and  
engines below the wing, fix this problem. 

Airplanes



5) Why did the first  
commercial jet aircraft 
called "Comets" crash?

32

Metal fatigue caused cracks  
in the fuselage at the corners  
of the square windows.  This 
caused the planes to crash.
Today, planes have round  
windows.

Airplanes



6) How much does a wide 
body commercial aircraft 
weigh?

33

At take off, a fully loaded wide-body airplane 
weigh as much as one hundred elephants. 

x 100

Airplanes



7) Why does the wing`s 
shape change during flight?

34

The wing changes shape to:  
1) Increase lift during take off;
2) Balance forces while cruising;
3) Slow down during landing.

2) Cruise
1) Take off

2.) Cruise

3) Stop

Slats

Flaps

Airplanes
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8) Why do commercial planes  
fly below the speed of sound?

The speed of sound is about 1,234 Kilometers 
per hour (767 miles per hour).  At this speed, 
Drag increases and the airplane is harder to 
control.  Commercial planes are not designed  
to go faster than the speed of sound.  
This picture is a fighter plane going faster than 
the speed of sound.  It is also called breaking 
the sound barrier with a sonic boom! 

Airplanes
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Science of Airplanes
-Why Airplanes Fly! 

Airplane Somehow	seeing	birds	fly,	makes	sense	to	 
us.  But what about an airplane that weighs  
as much as an elephant herd?  How can  
heavy	planes	fly?		See	inside	this	book	 
for the science of engine push; wing lift;  
drag back and gravity down.  Moving air  
is	the	magic	ingredient	that	enables	flight.

Alford   Books

Video

 Airplanes 38

When you watch this video, 
keep in mind what are  
four forces of flight?



AIRPLANES  VIDEO Script

Airplanes

i-1) Welcome to, Science of Airplanes!
i-2) An Airplane weighs the same as 100 elephants.
i-3) Why do airplanes fly?
i-4) It is all about four uneven forces.
1-1) We start on the ground, at the airport gate.
1-2) After people and luggage are on the plane, the door is closed.
1-3) Next, little cars called tugs, push back the planes from the gates.
1-4) To save weight, Planes do not have reverse gears.
1-5) The engines go faster with the first force.
2-1) ONE, Thrust Forward
2-2) Inside, jet engines, fans squish air.
2-3) Next, the fuel burns.
2-4) The exhaust pushes out the back
2-5) And THRUSTS the plane forward.
2-6) Thrust pushes the plane forward faster and faster.
2-7) Next, two forces push up or pull down against each other.
3-1) TWO, Lift Up
3-2) Air pushes or LIFTS the plane up.
3-3) Here are two ways to think about lift.
3-4) a) Faster air, flows over the wing and then down.  
This pushes the plane up.
3-5) b) Here is another way to see this,  
Faster air on top has lower pressure.
The higher pressure below the more it pushes the plane up.
3-6) Try this! Hold a piece of paper like this. Blow over the top.  
See how air pressure, pushes or lifts the paper up.
3-7) As the plane lifts up, it has to overcome gravity.
4-1) THREE, Gravity Down
4-2) Gravity is larger objects pulling on smaller ones.
4-3) Earth gravity pulls down on the plane
4-4) Gravity is opposite force to Lift.
5-1) There is a point, where lift up is stronger than gravity down.
5-2) It is called WOW or weight Off wheels. The plane takes off.
5-3) The plane leaves the ground with lift! WOW!
5-4) The plane continues to lifts up until ...
6-1) … it Cruises.
6-2) There is a point, where lift up & gravity down are even or balanced.
6-3 )The plane stops climbing up and stays at the same level.
6-4) Engine thrust continues to push the plane forward.
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Airplanes

AIRPLANES  VIDEO Script
7-1) During flight, Controls change the plane's direction.
7-2) Rudder moves the plane left or right.
7-3) Tail elevators move the plane up or down.
7-4) Ailerons roll the plane from side to side.
8) Pilots combine 3 controls to smoothly change the plane's direction.
11-1) Pilots, find their way or navigate the planes with sensors, 
GPS and computers.
12-1) Pilots in airplanes communicate by radios with people in 
ground stations.
12-2) This includes asking for permission to land.
12-3) Hello, can we land?
12-4) Yes, you are cleared to land.
13-1) How do we bring the plane back down to land?
13-2) With help from our good friend, gravity
14-1) Slow the engines, to reduce thrust.
14-2) Less air over the wings, reduces lift.
14-3) Gravity is now stronger than lift.
14-4) Gravity pulls the plane, back down to the ground.
14-5) But we have one More force to talk about.
15-1) FOUR Drag Back
15-2) This force is a bit a drag.
15-3) Air in front pushes or slows the plane back a bit. This force 
is called drag.
15-4) In flight, engines have to push harder because of drag.
15-5) Plane shapes are streamlined to reduce drag during flight.
15-6) When it’s ready to land, the engine slows,
15-7) With less lift, gravity pulls the plane down to the ground
15-8) When, the plane lands,
15-9) Spoiler flaps, increase drag to help slow the plane too.
16-1) Next, Steering moves the plane left or right on land.
16-2) Slow moving engines push the plane forward.
16-3) Brakes stop the plane at the new airport gate.
17-1) So our flight story has come full circle,
17-2 ) from the land to the sky
17-3) and back to land again.
C-1) To close
C-2) May the Forces be with us when we fly.
C-3) Engines Thrust forward.
C-4) Wings Lift up.
C-5) Gravity pulls down.
C-6) Drag pushes back
C-7) Planes fly because of air and 4 forces!
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Somehow	seeing	birds	fly,	makes	sense	to	 Somehow	seeing	birds	fly,	makes	sense	to	 
us.  But what about an airplane that weighs  us.  But what about an airplane that weighs  
as much as an elephant herd?  How can  as much as an elephant herd?  How can  
heavy	planes	fly?		See	inside	this	book	 heavy	planes	fly?		See	inside	this	book	 
for the science of engine push; wing lift;  for the science of engine push; wing lift;  
drag back and gravity down.  Moving air  drag back and gravity down.  Moving air  
is	the	magic	ingredient	that	enables	flight.is	the	magic	ingredient	that	enables	flight.
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CarsCars

Science pours, pounds and  Science pours, pounds and  
pushes metal and plastic into  pushes metal and plastic into  
car parts.  Cars have to be made car parts.  Cars have to be made 
before they can move us around!before they can move us around!

1)1) 2)2) 3)3)

4)4) 5)5) 6)6) 7)7)
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Science of Cars!
- 7 MAKE Steps
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Science of Cars!
-  7 MAKE Steps
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This is the true story of 
how science makes cars.
. From Atoms
. Then Piece Parts  
. To the Complete Car

Cars
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A) Pour
B) Pound 
C) Cut Apart 
D) Push 
E) Spot Weld 
F) Paint
G) Put Together

Science of Cars  
- MAKE Summary
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Start Small

1

Before we make cars,  
here is some simple  
Science.  Parts are made  
of very tiny atoms. 
As a matter of fact.
anything made of  
atoms is called "matter."

matter

Cars
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Charges

Inside atoms are two charges. 
Positive (+) centers, circled  
by negative (-) electrons. 
Electrons	flow	to	make	 
electricity. 
Next, we learn more about  
atoms, molecules and mixes. 

Cars
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Atoms

Different atoms  
are made of different 
numbers of positive  
and negative parts. 
Atoms that are all  
the same are called  
elements.  Iron is  
an example. 

This model is the lithium atom. 

Cars



4

Here are some more atoms.

Carbon atoms 
have 6 + and  
6 - parts.

Iron atoms 
have 26 + and  
26 - parts.

Atoms can join together.

Neutrons are not talked about in this book.

Cars
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Molecules

Different atoms join  
together to make molecules. 
Water is an example.  Two 
hydrogen atoms join with  
one oxygen atom to make  
one water molecule. 

Water is also 
called H2O. 

Cars



Mixes

Atoms also mix together  
like a fruit salad to make  
new materials.  Steel is a  
mixture of separate iron  
and carbon atoms.

6

Fe C 

Cars
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Matter

Atoms, molecules and  
mixes, are all matter. 
Matter comes three ways: 
solid, liquid, and gas.  
It depends on how much 
heat it has.  For example: 
Cold solid ice; Warm liquid 
water and Hot gas steam. 

cold
warm

hot

Cars
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Gas & Liquid

In a gas, atoms have space  
between them.  Air is a gas.  
It is a mixture of mostly  
Nitrogen and Oxygen. 
In a liquid, atoms are closer 
together.		Liquids	flow.		 
Tap water is a liquid.   
So is molten metal. 

Cars
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Solid

When liquid atoms 
cool, they line up  
into a solid.
Ice cubes and metal 
coins are examples. 

Actual atoms are too small to see.

Cars
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Matter at different  
temperatures and  
pressures can be  
shaped into car parts.

Heat & Pressure

Heat Pressure

Cars



Now, we are ready  
to drive on and see  
how to make cars!

11

Make

Cars



Cars are made of matter.  
Cars are made by people and 
machines including robots.

12Cars



Let`s learn about  
science and the seven 
steps or processes to 
make cars.
A)  Pour
B)  Pound
C)  Cut Apart
D)  Push Form 
E)  Spot Weld
F)  Paint
G)  Put together

13

Processes

Cars



A) Pour - Cast

14

Pour or cast, very hot  
liquid metal into a mold.

Cars



To make the engine, pour 
hot metal into a mold. The 
metal cools into a solid  
rough shape of the engine.

15

A) Engine

mold

Cars



Heat changes matter.  
Water can be ice, liquid or 
steam.  Same with metals  
but with higher temperatures.
Liquid metal cools into the solid 
engine shape.  Remove the mold 
and it looks like this.

A) Heat

16

Big holes are for pistons.  
Other holes, are for the cooling system.

Cars



Other car parts are cast too.

A) More Cast Parts

17

wheels gear case

Many plastic parts like 
this steering wheel are 

made by injection  
molding which is similar 
to casting.  Hot liquid 
plastic is pushed into 
molds.  It cools into  

the shape of the part.

Cars



Next, piston holes in the  
engine casting are polished  
to just the right size. 

Polish

Tool

Engine

Casting makes parts of many shapes and sizes. 
Castings are not strong enough to twist. 
A new process is needed for parts that turn. 

Hold the engine in place.Hold the engine in place.

18Cars
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Pound or hammer forge  
hot metal into the shape.

B) Pound - Forge

Cars



B) Crank Shaft

The top tool pounds hot 
metal into the under tool.   
This shapes the metal  
into a crankshaft. 

top tool

crankshaft
(in work)

under tool

Tools forge the crankshaft.Tools forge the crankshaft.

20Cars



B) Stronger Grains

Grains are groups of atoms.  
They form when liquid metal 
cools into a solid.  In a casting, 
atoms cool fast.  The grains are 
small and unaligned.
Forging, forces groups of  
metal atoms called grains to 
flow	into	the	shape	of	the	 
part.  The aligned atoms  
make the forged part stronger.

21 Cars
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B) More Forged Parts

Piston Rods are forged.

Piston Heads  
are forged too.

Cars
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The engine parts are put together 
or sub-assembled.  This includes  
the cast engine block; forged  
piston heads, rods, crank shaft  
and other parts; 

Engine Assembly

engine block not shown 

Piston
Heads

Piston  

Rods

Crank Shaft

Cars



Engine Action

24

Before we make more parts, 
let us see how an Engine works. 
Gas burns in the engine.  The 
small,	brief	fires	push	the	 
Pistons down.  The Pistons  
turn the Crank Shaft.

fire
Piston 
Rod

Cran
k S

haf
t

Engi
ne Asse

mbly

Piston 
Head

More parts are needed to get  
the turning power to the tires.

end view

Cars
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Gears, change or transmit 
turning.  Gears are circles 
with teeth.  Tools cut apart 
chips to make gear teeth.  
This is similar to scissors 
cutting paper and a knife 
peeling an apple. 

C) Cut Apart - Chips

chip

Cars
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C) Wedge Splits

The secret is triangle,  
wedge shaped tools.  Can 
openers, pizza cutters 
and axes are examples.

Cars
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Using wedge shape cutting tools, 
Gears are cut apart from pieces  
of room temperature metal.

tool

gear

C) Cut Gears

Cars



28

These gears change the 
power and speed output 
from the engine.

C) More Cut Gears

Cars
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C) Change Direction

These gears change the 
turning direction ninety  
degrees.  That is, they 
change the power from  
the engine into power  
for the tires.

But	first	we	have	to	make	the	tires.

differential

Cars
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Layers of rubber, steel wire  
and cloth are pressed together 
in a mold to make hollow tires.

Press Tires

Cars
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Cars, ride on tires full of 
air pressure.  It makes 
the bumps in the road  
feel smoother to riders.
Now, the car has parts 
that move.  We need  
to make parts that  
stop the car. 

Air Pressure

Cars

air
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Brakes stop the car.  The 
brake system includes: 
pedal; pipes; piston;  
brake	fluid;	pads	and	discs.

Brakes

disc

Cars
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Press on the brake pedal 
to put pressure on a liquid 
in pipes and tubes.    
The pressure moves from 
the pedal to the brakes  
to stop the car.

Next, we need a frame  
to hold all the car parts.

disc brake drum brake

Brake Pedal

Cars
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Form is to push sheet 
metal pieces into tools 
shaped like car parts.

D) Push Form-Frame Parts

Cars
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D) Sheet Metal Parts

The top tool, quickly presses  
the warm sheet metal into the  
under tool.  This forms frame  
and other car parts like doors.

top

under

part

Cars



36

The machine that makes big 
frame parts uses the weight 
of a  1,000  elephants.  

D) Pressure

Pressure pushes the sheet metal  
into molds to make the frame parts.

Cars
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D) More Pressed Parts
About half of the car`s  
weight is made of press 
formed parts.  

Cars
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 Next, we need to  
join the frame pieces.

Cars
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Spot weld uses electricity  
to melt points in metal parts.
The liquid hot spots, cool  
and join the frame parts.

E) Spot Weld

Cars



40

Robots, spot weld sheet metal parts  
together to make the frame assembly.

Robots

E) Frame Assembly

Cars
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That	is,	robots	with	finger-like	
tools, clamp the sheet metal 
parts.		Electricity	flows	and	
melts spots to join pieces  
together.  
Robots make thousands of  
spot welds to join formed  
parts into one frame assembly.

frame assembly

Electricity	flows	through	robot	weld	heads.

Cars



E) Electrical Heat

42

Flowing electricity also 
makes heat.  The electric 
heater, toaster and this 
light bulb are examples.

Cars



E) More Spot Welds

43

Other sheet metal parts  
like doors assemblies are  
spot welded too.

Next, the frame needs color.

Close-up ofClose-up of
spot weldsspot welds

Cars
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F) Paint
Paint the car in  
three steps: 1) Under;  
2) Middle and 3) Top Coats.

Cars
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Paint is applied onto  
the car in many layers.
First, the car is dipped 
into undercoating. This 
helps the car not corrode.

F) Under Layer

Cars
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Next, the middle coat  
is sprayed onto the car.  
This	step	fills	in	any	 
places that are not smooth.

F) Middle Layer

Cars
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 Last, several layers  
of the top coat are 
painted onto the car. 

Remember, inside atoms are two charges?

F) Top Coat

Cars



The paint is negatively 
charged.  The car  
frame is positively  
charged.  That way,  
tiny drops of paint  
stick to the frame  
at a smooth thickness. 
The wet paint dries. 
Excess paint is recycled.

F) Charges

48

The "-" paint is  
attracted to the "+" frame.

Cars
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Colors make cars look 
nice.  Paint is also a  
protective coating for 
cars.   It keeps iron in 
the sheet metal from 
rusting.  

Next, we need somewhere  
to sit inside the car.

Cars



Seats are made this way. First, 
weave	strong	fibers	into	cloth	
fabrics. Second, cut the colored 
cloth into pieces.

Seats

50

weave
(close-up)

cut
Cars
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Third, sew the fabric  
pieces	and	stuffing	together	 
to make high-wear chairs.

sew

Cars
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Other Systems

Wiring connects the battery  
to the Engine, lights & interior. 

The Cooling System keeps the 
Engine from getting too hot.

Next, make the other systems.  This  
includes: Wiring, Cooling & Suspension.

Cars
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The Suspension System keep the 
ride smooth even over bumpy roads. 

Shock
Absorber

Next, join the car parts 
to make the complete car!

Cars
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Put together or assemble  
the car using a balance of  
humans and machines.  This 
automated assembly tool  
installs the major systems.

G) Put Together

Cars
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Robots do heavy lifting 
and strong assembling.

G) Robots

Cars
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People do the delicate work  
like installing windshields.
The windshield is glued in place.

G) People

Cars



Let`s look more at the science of 
assembly.  Parts like the engine, 
seats and wheels are joined  
together or fastened with  
nuts and bolts.  
Twisting together the nuts and 
bolts is called torque.  Tight torque 
is what keeps the parts together.

G) Torque Turns

57 Cars



G) More Torque
Nuts and bolts join parts 
together.  They are  
stronger than spot welds.

58Cars



Next, test the car`s quality.

Nuts and Bolts are also 
used to join parts that  
will need to be taken on 
and off again like wheels.

59 Cars



The car is tested to make sure  
all the systems work properly. 

Pass Test

60Cars
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Now, the car is 
complete!  It is 
ready for us to 
buy and drive!

Done

Cars
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Science is in every step to make cars. 
Pour the engine with heat.  Pound 
crank shafts until groups of atoms 
line up.  Cut Apart gears with triangle 
tools.  Push sheet metal into molds 
with pressure to form, frame parts. 
Spot Weld the frame assembly with 
many small circles of electric heat. 
Paint with charged spray.  Finally, 
Put Together the car with twisting 
torque.  Simply said, Science of  
parts, processes, machines  
and people make cars. 

Conclusion

Cars
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For most of our history,  
we humans walk, ride on  
horses or drive horse pulled  
carts to get around on land. 
With Science, separate parts  
join together to make a self- 
moving car called an automobile. 
Cars give us freedom to go  
anywhere there are roads and 
maybe one day, places without 
roads. 

Cars
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Cars  VIDEO

Cars

3)3)
Technology, Cars

Science of Cars!
- 7 MAKE Steps

This book explains the science of how to 
make cars.  The steps are: pour, pound,  
cut apart, push form, spot weld, paint and 
finally	put	together	the	parts.		See	inside,	
as science and actions are turned into cars.

Alford   Books

Video

When you watch this video,  
keep in mind what are the  
7 Steps to make Cars?
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Cars - VIDEO Script
i-1 Our world is so complex.
i-2 But the basic science is easy to understand
i-3 There are a billion cars and trucks on our world.
i-4 Let`s see the science to make CARS in 7 easy steps.
1) Pour
2) Pound
3) Cut Apart
4) Push Form
5) Spot Weld
6) Paint
7) Put together

1-1) POUR or Cast very hot liquid  
metal into a mold.
1-2 This makes the engine.
The liquid metal cools into solid shape
Big holes are for pistons.
Other holes are for cooling.
1-3  The liquid metal has more heat.
Just like how Water can be ice, liquid or steam.
1-4  How hot is the liquid metal?
Iron melts at 5 time the heat to cook pizza.
1-5  Wheels and cases are cast too.
Many plastic parts like this steering wheel  
are cast also.
1-6  Next, engine piston holes are polished  
to just the right size.
1-7  Casting is ok for the engine block but
casting is not strong enough for parts that turn fast.
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2-1  Pound or forge hot metal into shapes.
2-2  Hot metal is hammered between tools to make  
the crankshaft.  The shaft will turn thousands of times  
a second.  The crankshaft needs to be strong.
The secret science is in groups of atoms called grains.
2-3 For example, Wood grows with grains.
When liquid metal cools, it has unordered random grains.
2-4  Forging forces the grains to all line up in the same
direction. It makes pounded parts stronger. This includes
piston - rods and heads.
2-6  Engine parts are put together or sub-assembled.
2-7  In a engine, gas burns. the brief fire pushes the piston
down to turn the crankshaft.
2-8  We need more parts to get the turning to the tires.
3-1  Gears change or transmit turning. Gears are circles with
teeth.  Triangle tools, cut apart chips to make the gear teeth.
This is like scissors cutting paper and a knife peeling an
apple.
3-2  Can openers, pizza cutters and axes are all examples.
3-3  Triangle shaped tools, cut apart pieces of warm metal  
to make gears.
3-4  Other gears change the amount of power and speed
output from the engine (zoom).
3-5  These gears change the turning direction from the  
engine to the perpendicular tires.
3-5-5  Before we make the tires, we need to understand
pressure.  Pressure is the amount of force, that pushes  
on something.
3-7  For tires, layers of rubber and wire are pressed  
together and heated in a mold to make hollow tires.
3-8  Cars ride on tires full of air pressure.
3-9  Brakes stop the car with pressure on brake fluid  
in tubes that press on the wheels.
3-10  Next, our car needs a frame for support and shape.

Cars - VIDEO Script
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Cars - VIDEO Script
4-1  Push warm sheet metal between tools to form frame parts.  
4-2  This huge machine makes frame parts that uses pressure,
like the weight of over 1,000 elephants. That’s a lot!
4-3  About 1/2 of the car`s weight is made of press formed parts.  
This includes the frame, roof and doors.
4-4  Next, we need to join the frame pieces together
5-1  Spot weld uses heat from electricity to melt small points.
The liquid hot spots, cool and join the frame parts together.
5-2  Robots make thousands of spot welds to assemble the frame.
5-4  Flowing electricity makes heat.
This heater, toaster and light bulb are examples.
5-5  Doors are spot welded too.
6-1  Next, we paint the car.
6-2  First, the car is dipped into the undercoat.
This keeps the car from rusting or corroding.
6-3  Next, the middle coat is sprayed onto the car.
This fills in places that are not smooth.
6-4  Last, the top coat is painted onto the car.
6-5  This is like how static electricity zaps door knobs
or lightning flows from sky to earth.
Negative paint flows to the positive frame
This is called electrostatic painting.
6-6  Next, we need somewhere to sit down.
First, weave threads into cloth.
Second, cut the colored cloth into pieces.
Third, sew the fabric pieces and stuffing  
together to make high wear chairs.
7-1  Last, we put together or assemble all the car parts.
This automated assembly tool installs major systems.
7-2  Robots do heavy lifting and strong assembling.
7-3  People do delicate work like installing windshields.
The windshield is glued in place.



Cars 70

Cars - VIDEO Script
7-4  Nuts and bolts twisted or torqued  
to hold parts together.
7-5  They make a stronger joint than spot weld.
7-6  Also nuts and bolts are great for 
removable parts.
7-7  We feel torque when we twist open a jar.
8-0 Next, The car is tested to make sure  
all systems work properly.
8-1 Now the Car is ready for us to drive.  
Almost over,
C-1 Science is in all the steps that make cars.
C-2 Pour the Engine with heat.
C-3 Pound Crankshafts until groups 
of grains line up.
C-4 Cut Apart gears with triangles tools.
C-5 Push sheet metal into molds  
with pressure to form frame parts.
C-6 Spot Weld the Frame Assembly with  
thousands of small circles of electric heat.
C-7 Paint with negatively charged spray  
onto a positively charged parts.
C-8 Finally, Put the car all together with  
twisting torque and other ways to assemble.
C-9 Cars look very complex.
C-10 But the Basic Science inside is so easy  
to understand.  Those who know science  
go farther in life.



This book explains the science of how to 
make cars.  The steps are: pour, pound,  
cut apart, push form, spot weld, paint and 
finally	put	together	the	parts.		See	inside,	
as science and actions are turned into cars.

Alford   Books
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Computers are chip-based,  Computers are chip-based,  
beating hearts of our modern beating hearts of our modern 
world.  They compute APPs,  world.  They compute APPs,  
control devices and connect  control devices and connect  
people and products worldwide.people and products worldwide.
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Front Cover is a fractal from www.wikipedia.com by Benioit Mandelbrot
A fractal is a natural object or math function with repeating expanding patterns.
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This book easily explains the Science  
inside computers.  See the patterns  
inside why computers work.  

May we inter-weave the world-wide  
web data into an inclusive human-kind 
tapestry of information and wisdom that 
leads to global peace and prosperity. 
 
Applied knowledge is the anti-venom  
to cure pandemic poisonous poverty.

Computers work with  
patterns of  e, l and m powers!

electricity light magnet

iv Computers
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Computers are all around us.  
They look complicated but the  
basics are easy to understand. 

Look Complicated

1 Computers



Computers are part of the patterns  
of	our	daily	lives.		Let’s	look	at	the	 
energy patterns of how computers work. 

2

When I understand computers and how I 
apply them in my daily life, I prepare to 
adapt to techno-chip controlled future!

Computers



Data is made from patterns  
of information.  These data  
patterns change from one  
form of power to another.
For example,  when we talk  
on a phone, our voice changes 
from sound into electricity.   
At the other end, it changes 
from electricity back into 
sound.
Computers work because of  
patterns of electricity, light  
and magnets.  We call them  
e, l and m patterns.  First  
let's look at electrical  
patterns called e-pulses.

Data Patterns

3 Computers
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Energy is able to change forms.  Computers change  
electricity into lights or magnets and then back again.  

Computers



A light switch, turns electricity  
on and off. The electricity  
changes into light in the light bulb.  
Flipping the switch makes patterns 
of electricity and light.
Computers switch electricity on 
and off billions of times a second. 
Tiny pulses of on or off electricity 
we call e-pulses, represent data. 
Before a computer will work, all 
data must be changed into on or 
off e-pulses.

On and Off e-Pulses

5 Computers
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For example,
The letter "A" is a pattern  
of eight e-pulses: 
 off-on-off-off-off-off-off-on.  
In computer code it is  
written as:   0 1 0 0 0 0 0 1.

Here is a little bit of info.  One 
means the tiny bit of electricity  
is on.  Zero means it is off.

The word "digital" means data that  
is made of patterns of 1's and 0's. 
That is, on or off e-pulses.
Digital is the basic language  
of computers.

Pushing a keyboard letter or  
number key, sends a pattern of  
e-pulses to a microprocessor chip. 

Computers
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Look at a chip up close.  It is full of 
lines and logic links. The e-pulses race 
along the thin lines like cars on a super 
highway road.  Logic is the way digital 
data	flows	through	different	chips.		

The main chip is called a CPU.  It is  
like the brain of a computer.
The CPU uses software directions  
to turn on and off tiny switches  
called transistors.
Software instructions like tiny  
traffic	lights,	control	the	flow	of	 
data through a computer.
The chips turn individual letters into 
e-mails and separate numbers into 
math and balanced checkbooks.

The	first	computer	chips	had	a	couple	
of thousand transistors. Today, chips 
have over a billion transistors.

Chips Up Close

Computers
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The microprocessor chip is called a CPU  
or Central Processing Unit.  The CPU chip  
connects to the circuit board that has memory 
chips and other components.  The CPU sends  
or outputs e-pulses to the computer screen.

CPU

Computers



NASA 

The e-pulses change into bits  
of light that make the screen glow.  
Each point of light is called a pixel.

Each very tiny pixel has red,  
green and blue (RGB) parts.   
The different colors we  
see on the screen are made  
of millions of RGB parts.

9

 L-Patterns and Pixels

lights
glow

Computers



Everything we see on the screen are  
actually patterns of light.  We call them  
L-Patterns  of pixels.   That is, all the  
rainbow colors we see on the screen  
are tiny patterns of just three colors.

But on-screen lights do not last.  We  
need ways to store our digital content. 

10

close-up of a computer screen

 Computers
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The e-pulses change into patterns 
of micro-magnets in the computer's 
memory.  That is, on or off patterns 
of e-pulses go from the chips to  
computer memory.  In the memory,  
e-pulses change into on or off  
micro-magnets called m-patterns.
When the data is needed, the  
computer changes the m-patterns 
back into e-pulses.

Memory Magnets

magnet

 Computers
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Eight bits of on and off e-pulse data 
are called a byte. Disk drive are  
described by how many bytes they 
store. A billion bytes is called a Giga-
byte.  A trillion bytes is a Tera-byte.

In a disk drive, on or off micro- 
magnets store or stow data in memory.

 Computers



In a disk drive, on or off micro- 
magnets store or stow data in memory.

13

To review, computers work because:
e-pulses	flow;	light	points	glow	and	 
micro-magnets stow data.

Flow, Stow, Glow

magnets stow e-pulses	flow lights glow

Computers



Computers have three parts called 
IPO: Input, Process and Output.

IPO

14

INPUT

OUTPUT

INPUT

PROCESS

Computers
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Input objects bring data into computers.
For example,
A Keyboard types numbers and letters.
A Mouse points and clicks.
Data is read from Hard Disk  
and SSD USB Drives and DVDs.

Input

Computers



Once data is input into a computer,  
it goes to micro chips on the circuit 
board to be processed.
The main chip called a CPU does  
much of the work.  Other chips and 
electronic components help us turn 
the data into useful information.  
Hardware is the name for everything 
on a computer that we can touch.

Process

16

Electronic chips on a circuit board.  The logic  
lines are covered with green protective coating.

 Computers
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Software is the computer codes or 
instructions that tell the computer what 
to do.  For example, with software we 
use computers to write letters, do math 
spreadsheets, send e-mails, connect to 
social media, print etc. 

Software

Computer Science is applying  
computer hardware and  
software to solve problems.

Computers



Digital ones and zeros on their own don't 
mean much until the computer machine 
computes or processes the data.
Individually input alphabet letters 
change into e-mails and multimedia  
presentations.
Once,	we	finish	with	our	letters,	pictures	
and other projects, we want to output 
what we made.  Displaying, saving and 
printing are types of output.

Output

18 Computers



Printers use dots or blots of ink to  
make patterns.  There are two types  
of printers: inkjet and laserjets. 

19

Printers

Computers

Black ink 
is made of 
carbon.
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For Inkjet Printers, the e-pulses 
are turned into tiny dots of ink.  
Thousands of dots per inch are 
quickly put onto the paper.

Inkjet Close-Up

Close-up of an inkjet printed letter.

Computers
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This is how inkjet printers work.
0) Computer data comes to the printer.
1) Chips in the printer send software 
directions that 
2) Scroll the paper and

Inkjet Dots

3) readies the ink.
4) Jets push tiny ink 
dots onto the paper.
5)  Load the next 
sheet of paper.

Computers



This is how laserjet printers work.  The  
e-pulses change into light patterns that  
shine on a drum.  The drum is covered  
with static electricity called e-charges.   
The laser light knocks off some of the  
e-charges to draw patterns on the drum.

Laserjet Blots

22Computers
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The e-charges left on the drum  
pick up bits of ink powder.  The  
roller turns and blots the ink pattern  
onto the paper.  The ink, called toner,  
is heated so it sticks to the paper.

Often, we want to save  
a soft copy of what we print.

Computers
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We can save or write to computer 
disk drives, SSDs and USBs.  Earlier 
we learned that e-magnets stow  
data on disk drives.  

Save

How do SSDs  
and USBs work?

 Computers

Hard Disk Drive 
(HDD)
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Solid State Drives 
(SSD) e-Charges

The e-pulses of data go into an 
SSD Drive. They change into 
e-charges of static electricity 
that are stored on memory.  
When the data is needed,  
the e-charges change back  
into e-pulses that are read  
by the computer.

Computers
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The chip in a USB Drive is called Flash 
Memory.  It is electronically erasable.  
This  means you can store to it, delete 
the	files	and	save	new	ones	many	times.	

Computers

USB Drive
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CD / DVD Light Patterns

CD's and DVD's work with  
light	patterns	reflected	off	 
of patterns of micro bumps.
That is, laser light bounces  
from the turning disk to make   
l-patterns that are read by a 
sensor.  Next the l-patterns 
are changed into patterns of 
digital  e-pulses of 1's and 0's.  
The e-pulse patterns are  
used by the computer.

Computers
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CD Player

CD
 un

de
r a

 m
icr

os
co

pe
.DVD Player

We want to do more than just save or  
print the computer projects we make.  
We want to be able to share them.

See the patterns of 

bumps or no bumps.

Computers
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Connected Computers
Individual computers, connect into 
a network called "The Internet".  
It links separate computers from 
around the world together.  The 
‘web’	is	the	name	for	all	the	text,	
images and content that people 
create on the Internet.

Computers

L-Patterns	send	data	by	fiber	optic	 
cables to help link the Internet.
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Cloud is the name for networked servers 
and storage where we save our data  
on-line.  We can access our data from  
anywhere.  The Cloud computes with  
patterns of radio waves in WIFI, lights  
in	fiber	optic	cables,	e-pulses	in	digital	 
signals and magnets in disk storage.

Cloud Computing

Cloud

Computers
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Net-World

This picture is an example 
of part of the internet  
network with lines that  
connect computers together 
around the world.  

The lines all inter-link.

Computers
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The lines that connect computers 
worldwide look similar to ....

Internet

Computers
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Linked Lines

... the  linked-lines  
close-up inside the  
CPU Microprocessor  
chips and circuit board 
of my computer. 

Computers
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Intel 4004.  First commercially available Microprocessor



Linked Lives

The science inside my computer is easy 
to understand.  Computers work with  
e-, l- and m- patterns.  The electronic  
e-pulses	flow	in	chips;	light	l-patterns	
glow on screens; magnetic m-patterns 
store or stow the data in disk drive  
memories and on-line clouds.  
 
The different computer parts integrate  
together to make a computer work.
The separate computers, link together 
to make the internet and the world-wide 
web.  Interconnected computers  
provide open access to much of 
the world`s knowledge.  Endless 
opportunities for self improvement 
are	at	my	fingertips.	  

35 Computers
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Multi-World Wide Web (MWW)

Long ago traders from different  
countries took years to travel to  
distant lands seeking knowledge,  
wealth and adventure.

Today, with our computers, we connect 
with others around the world in seconds.

May we use this amazing technology and 
ability to improve ourselves and all 
humanity.  Humans will one day go 
beyond our one earth to settle other 
planets in endless space.  Imagine  
a peaceful multi-world wide web.  

Computers
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Computers  VIDEO Script

0i-1) Welcome to Science of Computers
0i-2) with Five Bits.
1-1) ONE. E-Bits
1-2) To start, electricity flows.
1-3) In a billionth of a second
1-4) electricity flows this far
1-5) Computers work with tiny bits of electricity.
1-6) Let’s call them e-bits. We write this as 1`s and 0`s.
1-7) Data is turned into electricity patterns of on or off e-bits.
1-8) There are two types of e-bits: data and directions.
1-9A) Like a traffic cop,
1-9B) directions called software
1-9C) do things with the data
1-10A) For example, we type letters.
1-10B) That turn into ebits. That chips turn into text.
1-10C) So we can send emails made from eBits
1-11) Also, Pictures are just millions of points called pixels.
1-12A) Picture points are defined by millions of on or off ebits.
1-12B) Video have billions of eBits per minute
1-13A) E-Bits in chips with math turn into
1-13B) texts,
1-13C) videos
1-13D) and music.
1-14A) The eBit heartbeat is a special e-Pulse Clock.
1-14B) Every second, it sends billions of electricity pulse ebits to chips.
1-14C) Gigahertz just means billions of ebits per second. Thats a lot!
1-15) Ebits work great in chips but ebits are hard to store.
2-1) TWO M-Bits
2-2) Next, we need very tiny Magnets.
2-3) Each magnet has two sides, North and South.
2-4) In disk drives, ebits change into magnet or M-bits.
2-5) The Write Head, burps very tiny magnets that store on the 
disk. Each North magnet is a 1 or on.
2-6) The science is that when electricity flows in a coil of wire, it 
makes a magnet.
2-7) The opposite is true too.
2-8) The Read Head turns M-Bits back into eBits that go to the Chip.
2-9) Think about how fast all this happens.
2-10) Billions of eBits are stored as Mbits every second.
2-11A) Then, billions of Mbits change back into Ebits
2-11B) This cycle is the life blood and basic science of how my 
computer works.
2-12) ebits and Mbits are fine inside a computer but how do I see all this.
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Computers  VIDEO Script

3-1) THREE L-Bits
3-2) Light is one type of EM Wave.
3-3) made of electricity and magnetic parts.
3-4) Light is four to 700 billionth of a meter long.
3-5) The screen works when Chips send E-Bits to the screen
3-6A) The ebits make Red, Green and Blue bits of Light or L-Bits glow.
3-6B) All the L-Bits make pictures we see
3-7) Millions of these points are refreshed over 60 times per sec-
ond to make the screen we see.
3-8) As a side note, Light makes electricity in solar panels.
3-9) Now, we want to connect with other people.
4-1) FOUR, R-Bits
4-2) To connect, computers need another EM Wave,
4-3) Radio Waves are longer than Light Waves.
4-4) That is, they are a different EM Wave length
4-5) Blue Tooth and WiFi work with Radio Waves.
4-6) eBits change into Radio Wave or R-Bits.
4-7) That fly through space and connect us.
5-1) FIVE , K-Bits
5-2) The other bits we talked about are data.
5-3A) We use data bits to do things.
5-3B) We create useful bits of knowledge, called K-Bits.
5-4) all data has to exist somewhere like Data Centers.
5-5A) Worldwide it is estimated that data stored by billions  
of Internet using people
5-5B) is a trillion gigabytes, called a zettabyte
5-6) Image Sharing all these Bits of knowledge,
5-7) Share K-Bits add up to Real Human Intelligence
5-8) as we face the future with robots and AI.
C-1 To close.
C-2) ebits change to M-Bits stored on disk drives.
C-3) eBits also cause the RGB Pixels to glow
C-4) L-Bits join to make on-screen pictures.
C-5) R-Bits helps us connect with world wide computers.
C-6) What I do daily with my K-bits,
C-7) Like Dot Art
C-8) paints the overall picture of my life
C-9) One Shared K-Bit at a time.
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Computers seem so complex but the basics are very Computers seem so complex but the basics are very 
easy to understand.  This book shows how: e-pulses  easy to understand.  This book shows how: e-pulses  
flow;		lights	glow	and	magnets	stow.			See	inside	 flow;		lights	glow	and	magnets	stow.			See	inside	 
the patterns of digital data that empower our lives. the patterns of digital data that empower our lives. 

Model of Internet computer connections.Model of Internet computer connections. 
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SmartphonesSmartphones ii

With this book, I understand  With this book, I understand  
and appreciate the centuries of and appreciate the centuries of 
science that make my smartphone science that make my smartphone 
work.  Wow!  Here are 7 Waves work.  Wow!  Here are 7 Waves 
that enable my phone to be smart!that enable my phone to be smart!

1)1) 2)2) 3)3)

4)4) 5)5) 6)6)

7)7)

5) 5) SmartphonesSmartphones



Science of 
Smartphones!

Written by Douglas J. Alford
Illustrated by Joshua Bugayong
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May smartphones May smartphones 
empower smarter people.empower smarter people.

Science of 
Smartphones!
- 7 Waves

Smartphones
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Smart Start

What makes our phones 
smart?		Let’s	see	the	 
science inside land-line 
telephones, cell phones 
and then smartphones?

viii Smartphones
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Land-Line Phone

Land-Line Phones are named 
because they are linked in 
place by wires that provide 
power and also send and  
receive signals. 

We start with the word "telephone."

Smartphones
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Telephone

The word telephone means 
“far sound”.  Phones send  
my voice to someone else  
who is not near me.  

Smartphones
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WAVE 1) - Sound 

Shaking things make sound. 
Sound waves are energy  
that travel through the air. 
High sounds have many  
waves per second.  Low sounds 
have fewer waves per second. 

higher lower

Smartphones
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Shake

Try this! Stretch plastic wrap over 
a bowl. Make the top surface tight. 
Sprinkle dry rice over the top. Make 
noise.   See how sounds move the rice. 

Smartphones
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Voice
Vocal cords shake the air  
in a pattern of my voice.

Sound travels through the air, but not very far.

Smartphones
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Cup Phone

Try this.  Poke small holes in two cups.  
Push string through each hole and tie 
a big knot.  With a friend, walk apart.  
Keep the string tight.  One person 
talks and the other listens.  Voice 
shakes the cup.  Sound waves travel 
down the string and shake the other 
cup.  We hear with sound waves that  
are copies of our voices.

Smartphones
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Ears

Ears hear when sounds 
shake the ear drum. 
Other ear parts shake and 
make electrical patterns.
Nerves send the e-pattern 
signals to my brain.  

Smartphones
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Microphone
Microphones are like ears. 
Voice sound is turned in 
patterns of electricity. 
What is electricity?

Smartphones
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Electricity

Electricity is energy that 
flows.		Lightning	is	electricity	
that	flows	from	sky	to	earth.

What is electricity made of?

Smartphones
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e-Charges 

Simply said, everything  
we see is made of atoms.  
Atoms have two charged 
parts: a positive center, 
circled by negative charges 
called electrons.  Electrons 
flow	to	make	electricity.

Smartphones
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e-Patterns
Sound enters the land-line phone.  
The microphone changes it into  
electricity patterns of our voice.  

Smartphones



At	first,	people	move	connectors	
to different wires to route  
calls from senders to receivers.

11

Hand Switch

Next, phone numbers help route calls.

Smartphones
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The phone number is like  
an address on letters.  It 
tells where to send or route
the e-pattern copy of my 
voice to the person I call. 

Phone Number

On early land-line phones, I dial a  
phone	number	with	my	finger	in	 
the small circle and turning clockwise.

Smartphones



Next, electric machines  
move switches to send  
the voice e-patterns  
to the correct wires.

13

Auto-Route

Smartphones



Long Distance
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Before phone calls could  
travel farther, a way to  
make the signal stronger  
is needed.  The V Tube is  
invented.		In	1915,	the	first	
telephone lines reach from  
sea to sea in the USA.  Soon, 
other countries do the same.

1915

How do V Tubes work?

Smartphones
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V Tube

1)

2) 3)

schematic

Inside, there is no air. Its a vacuum.  
So, they are called Vacuum or V Tubes.  
They work like this. 
1)  Strong electricity comes in.
2)  Like a gate, Weak e-patterns let 
the strong electricity through.
3)	Making	a	Stronger	or	amplified	 
copy of the e-pattern voice signals.  
The result, is phone calls  
over longer distances.

2)

1)

3)

V Tube
But, there are 
new problems. Weak

In
Strong
Out

> >

I

Smartphones



This map shows the growth of 
USA phone line networks by 
1940.  Lots of V Tubes are in 
use.  V Tubes use lots of power 
and burn out fast.  Something 
better is needed. 

Need to Improve

16

1940

Smartphones



Transistors are invented to 
replace V Tubes.  Weak signals  
go in and become stronger signals 
out.  Later, we will see that  
fingernail	size	transistors	 
also act like an on or off switch. 

Transistor

17

1)

3)

Smartphones

transistor

1)

2) 3)

2) 1)  Strong electricity comes in.
2)  Like a switch, Weak e-patterns 
				let	strong	electricity	flow	through
3)	Making	an	Amplified	copy	 
      of the voice e-patterns.



Now, my voice e-patterns  
are received by the phone  
of the person I am calling. 

Before, we see what happens 
next, we need to know how 
Magnets and Electricity  
are related.

Receiver

18

Receiver

Smartphones
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Magnets have two sides  
or poles: north and south. 
Opposite poles, attract. 
Same poles, push apart. 

Magnet

N
S

N

N
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Electromagnet
This is one of the most important facts in  
our	modern	world.		Electricity	flowing	in	a	 
wire makes a magnet, called an electromagnet. 
Also, the reverse is true, turning a wire near 
magnets, makes electricity in a generator.  
This is how electricity in our homes is made.

20

Electricity from  
the	battery,	flows	 
in the wire coil.  
This makes an  
electromagnet.
That attacts the 
metal clips.

Later, we will 
learn more about 
making electricity 
with WAVE 2).

How do we get back to sound?

Smartphones



Speaker
The phone speaker has an  
electromagnet too.  My voice  
e-patterns	flow	and	turn	an	 
electromagnet on and off. 
This pulls or pushes on another 
magnet.  That shakes a cone 
to make a copy sound of my voice. 

21
A Speaker has wire coil, magnet and cone.
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Land-Line Phone Summary
Let`s Review, the science in land-line 
phones.  The sender`s voice is sound 
waves.  Sound waves change into  
e-patterns.  The phone number tells  
how to route the call.  The e-pattern 
signals	flows	through	telephone	 
wires to the receiver. 
E-Patterns turn an electromagnet  
on and off.  This shakes a cone  
that makes a copy sound of my voice.

 Cell phones are next. 

Smartphones
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Cell phones can move around.   
This is why they are called  
mobile	phones.		Let’s	look	at	the 
secret science inside cell phones. 

Cell Phone

Smartphones



FFT Rules
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Sound waves enter the cell 
phone.  Special rules called 
FFT*, change the physical 
sound waves into special  
patterns of digital electricity 
e-pulses. 

*FFT = Fast Fourier Transform

Smartphones
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It is like this.  The physical sound 
wave is sampled or cut into many 
slices each second.  Each slice is 
turned into pulses of on or off 
electricity called digital.  Digital 
e-patterns are controlled  
using microprocessor chips. 

Digital

Smartphones
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First, we need to understand the 
science of chips.  Remember, the 
fingernail	size	transistor used to  
amplify long distance land-line phone 
calls?  Transistors are also switches.  
They	are	used	to	control	the	flow	of	
digital e-patterns.  People learned  
to make very tiny transistors. 

Transistors

 Smartphones
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The microchip is made of a special 
material called a semi conductor. 
Atoms are added to make  
electricity	flow	or	not.	
Billions of transistors	fit	in	one	 
fingernail	size	Microchip	for	cell	
phones. The Chip controls the  
on-off	flow	of	voice	e-patterns.		

Chips

Next, we back-up and invent Cell phone power.

Close-up of a Chip.  

Smartphones
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Hundreds of years ago, a man named 
Volta put two metals on his tongue.  
He notices a sour taste caused by tiny 
electricity.  He invents the battery.
Simply said, in a battery electricity 
flows	from	one	side,	through	the	 
cell phone and to the other  
side of the battery.

Battery

zinc

copper
salt water

Smartphones
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At	first,	cell	phone	batteries	 
are huge.  Next, thin Lithium  
batteries are invented. They  
are perfect for small cell phones. 
Battery power is called Steady  
or Direct Current, DC.  

Now, we have power for our digital  
voice signals.  Next, we need more waves.

Lithium Ion Battery

Lithium

special liquid

Carbon

Smartphones
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Alternating Current (AC)  
electricity is made by  
turning wire near magnets.
The wave shows the  
different strengths and  
directions	as	the	AC	flows.		 
AC	flows	back	and	forth	over	
50 times a second.  Today,  
AC is in our homes.  Soon,  
we see what it does in  
our cell phones.

WAVE 2)   
AC Electricity Waves

Magnet

Magnet

Turning 
Copper
Wire

AC Electricity Wave
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To recap, when electricity  
flows,	there	is	a	magnetic	 
field	perpendicular	to	it.		
When	AC	flows,	the	electricity		 
and joined magnets change many 
times a second.  Keep reading  
to see why this is important.

A cell phone works when  
AC changes into the next wave.

AC Electricity Wave

Magnetic
Field

ele
ct
ric
ity
	flo

ws
	in
	a	
wi
re
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Any wave, made of nano-bits 
of	flowing	electricity	and	
magnets, is called EM  
or electromagnetic waves. 
What does this have to do 
with	cell	phones?		Let’s	see.

WAVE 3)  EM

Frequency is the number of waves per second.
Different EM Waves have different frequencies.

Smartphones
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In a cell phone, DC electricity 
comes from the battery.  Voice 
is changed into DC e-patterns.  
The chip changes DC into  
different AC e-patterns. 

DC to AC

Next, AC changes into a type of EM.

Smartphones
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The AC signal goes to the cell 
phone antenna.  The antenna 
changes the AC into special  
EM Waves called Radio Waves. 

WAVE 4) - Radio

Cell Phone Radio Wave frequencies 
are millions of waves per second.
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Cell Tower
The cell phone Radio Waves go  
to a cell phone tower antenna. 

Radio Waves

Smartphones
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Computers pick the  
best path to the receiving 
phones.  The phone signals  
are routed via networks of  
other cell towers, land-lines  
and sometimes satellites.

What is the "cell" in a cell phone?

Smartphones
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A cell is a hexagon shaped area where 
phones send & receive signals with towers.   
The cell phone towers are connected into  
a global network.  Based on the phone  
number, computers control where the 
Radio Wave pattern of my voice is sent.  

Cells

Smartphones
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All this happens so fast!  We can talk  
around the world without gaps.  Sound 
changes into digital electricity.  Chips  
change DC into AC. That change into  
Radio Waves and send to Cell  
Towers.  The signal routes are directed  
by computer chips.  For long distance  
calls, satellites are used too.  EM  
Waves travels at the speed of light.  

Scientist Albert Einstein & the Speed of Light.

Smartphones
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Receiver

The	final	cell	tower	sends	out	
Radio Wave signals to the cell 
phone of the person I am calling.

Smartphones
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Cell Phone Summary
At the receiving cell phone, the  
antenna changes EM Radio Waves 
into digital e-pulses.  Chips send the 
e-patterns to the speaker.  DC moves 
an electromagnet that shakes the air.  
The person I call, hears a copy of the 
sound of my voice.  Wow!  

As amazing as cell phones are, they are not smart. 
Smartphones
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What makes my smartphone, 
smart?  It makes phone calls, 
accesses the internet and has 
Apps.   Cell phone chips have 
millions of transistors. 
Smartphone chips have billions. 
A billion is a thousand million.

Smartphone
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Today, Smartphones are  
not as smart as humans.  The 
human brain has qbout 100 
Billion cells called neurons.
It is estimated, that in 2026 
computer chips will have as 
many transistors as there  
are cells in my brain.

But brain cells have a secret.

Brain cells, called neurons, use electricity.
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Connections

Each brain cell has thousands  
of connections with other  
brain cells.  But brain hardware 
stays the same as computer 
chips continue to improve.  

Our brain can think, 
calculate and also remember.
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Chips (CPU and Memory)
Smartphone chips do the same.  
The Central Processing Unit or CPU  
microprocessor is the smartphone 
“brain”.   Special memory chips called 
RAM store short term memories.  
For example, the directions and data  
the CPU Chip uses to process signals.
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Solid State Drives

Our brains, also have long  
term memory.  Smartphones 
use Solid State Drives with  
special chips to store data  
as electric charges.  When 
needed, the charges change  
and	memories	flow	as	on	or	 
off patterns of electricity.

Solid State Drive

(long term memory)

Smartphones need more than just hardware.
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Software Types

Software are the directions 
that tell my smartphone  
how to do things.
There are two types of 
software in a smartphone:  
OS and Apps.
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Operating Software (OS)
The Operating Software or OS is 
a set of instructions or codes that 
tell computers and smartphones 
what to do.  For example, OS  
organizes the raw data.  It then 
acts	the	same	as	traffic	lights	do	
to	cars.		OS	controls	the	data	flow	
in and out of chips.  People have 
automatic software that tell us  
to breathe.  OS is like this too.
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Application Software (APP)

The other software is  
called Application or APP.
Apps do things with Digital Data.

But	first,	we	need	to	learn	about	the	fifth	wave.

APPs do actions like: 
take pictures; send 
emails or surf the web.
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WAVE 5) - Light
To recap, there are different EM 
Waves.  Light is one type.  Light has 
more waves per second than Radio 
Waves.  Light wave length is 500 to 700  
nanometers or billionths of a meter 
long.  That is, the same size as bacteria.

The smart phone screen gives off light.
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Light Makers
How is light made?  Light is made by  
the sun; light bulbs; glow sticks and  
some animals.   In a smartphone, light  
is	made	when	electricity	flows	from	high	 
energy material to low.  Higher energy  
electrons (N), give off light, when they  
flow	into	a	material	of	lower	energy	(P).	

lightlight

 Smartphones



51

Screen Types

Let’s	look	at	two	types	 
of smartphone screens:  
LED and LCD. 
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LED
In	LEDs,	electricity	flows	from	 
high energy negative atoms (with  
excess electrons) to lower energy  
positive atoms.  Light is given off. 
Screens have millions of pixel points. 
Each point is made of 3 very  
tiny LEDs: Red, Green and Blue. 
Chips control transistors for each  
RGB pixel.  Changes to the electricity  
input into each very tiny LED, changes 
the colors we see on the screen. 

LED = Light Emitting Diodes

A smart phone screen has millions of  
RGB points controlled by a computer chip. 
The screen is refreshed >50 times a second.
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 Liquid Crystal Display(LCD) 
LCD screens, start with white LEDs  
called backlight.  An LCD screen has  
millions of RGB point sandwiches. 

The secret to LCDs is the liquid crystal. 
Different amounts of electricity, cause  
the liquid crystals to change the amount  
of light they let pass through.  On top  
of	the	LCD	are	RGB	colored	filters.	

This is one LCD pixel point with RGB  
parts.  The RGB parts turn on or off  
to make the colors we see on the screen.
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What we see on the smartphone 
screen is made by changing the  
light to millions of RGB points.
Each RGB point brightness varies 
from black (0) to bright (255).   
The RGB points blend to make  
the ever changing screen we see.
An LCD screen is controlled by  
chips with tiny transistors too.  
They control the micro amounts  
of electricity to each RGB LCD  
pixel.  Amazing, all App icons,  
pictures and texts, we see on  
the screen are made this way! 

Smartphones "feel" too.
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Simply said, a touchscreen works  
with two very thin wire grids  
on different layers of the screen. 
When we touch the screen, tiny  
bits	of	electricity	flow	from	one	wire,	
through	our	finger	and	into	the	second	
wire.  Chips, sense the message and 
with software, change the signal into 
meaning.  That is, the software knows 
what we are pointing at on the screen. 
The chip then acts on this info  
like to open an App, type text  
or make a phone call. 

 Touch Screen - Info In

In	a	Touchscreen,	tiny	electricity	flows	through	 
my	finger	from	one	screen	layer	to	another.

Smartphones



56

In another type of touch-
screen, the two layers with 
wires actually move a tiny bit. 
That	is,	my	finger	pushes	 
together the two layers to 
make	electricity	flow.		Chips	
and software act on the  
contact signal.

Next, the science gets a bit gooey (GUI).
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GUI
Graphical User Interface is how  
humans communicate with the smart-
phone.  By touching GUI Icons, the  
User gives inputs, that instruct the 
Smartphone to do actions.  Examples: 
Touch icons to make a phone call,  
listen to music or search the internet. 

G U I is pronounced, "gooey".
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We use the touchscreen & GUIs when  
we play video games on our smartphones. 

Other GUI Icons
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Games and Sensors 
Video games use sensors like 
accelerometers and gyros.
Smartphone sensors help us  
control video games. Sensors,  
tell angles, position and turns. 

Sensors do more than just play.
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More Sensors
Other sensors like the digital compass 
and GPS work with Map Apps to help 
us	find	our	way	with	directions.	
Some smartphones even have bio  
sensors which help us with our health. 

Smartphones



61

GPS Sidenote 
Global Positioning Satellites or GPS started as 
a US Military Project.  In 1983, a passenger 
plane got lost and entered Soviet Airspace.  
The commercial plane was shot down and all on 
board killed.  In response, President Reagan 
made GPS free for everyone on earth.  
Today, there are other SATNAV Systems: 
GLONASS-Russia; Gallio - Europe; Beidou - 
China: NAVIC - India; QZSS - Japan.

Smartphones also play music and take pictures. 
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Smartphone music is made from digital  
songs saved into solid state memory chips. 
To play, select the music App on the touch-
screen.  Digital memory changes into  
e-pattern	flows.		In	the	speaker,	they	 
turn an electromagnet on or off that  
shakes the air into sound waves songs. 

Next, we take digital pictures. 
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Lights,	Camera,	Selfie
EM Waves of light go through the 
glass lens and into the camera sensor.  
Light is turned into digital e-pulses.  
Digital pictures are stored in memory 
chips.  Pictures are also shared with 
other people to make memories.  

Next, more Radio Waves.
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Radios 

Earlier, we learned that cell 
phones work by sending and  
receiving EM Radio Waves. 
Smartphones use these and 
more radio waves too. 
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Short Blue Tooth 
Radio Waves called "Blue Tooth" are 
used by smartphones and computers 
to communicate over short distances 
with devices like printers.  The  
Symbol is Viking Runes H and B  
that mean King Harald Bluetooth.   
Long ago, he connected different 
tribes into one kingdom.  Today,  
Blue Tooth, connects different  
electronic equipment together.

King Bluetooth

Blue Tooth connections
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WiFi Internet Router
WiFi uses Radio Waves to connect 
computers and smartphones to the  
Internet.  WiFi Radio Waves are  
different wave lengths than the  
other smartphone radio waves.  

Need HTML & HTTP before I can use the internet. 
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HTTP & HTML
These make the Internet, easier  
to use.  HTML is the computer  
language that LINKS digital data  
so it is searchable on the Internet.  
This includes linking text, pictures, 
sounds and videos together.
HTTP is the App protocol or rules  
on the way that worldwide data  
is stored & shared on the Internet. 

HTML = HyperText Markup Language

Hypermedia

HTTP = HyperText Transfer Protocol

Notice how website addresses use HTTP.  
Example: https://www.wikipedia.org

Smartphones



68

Internet
The	first	smartphones	did	three	things:	
make phone calls; play music and access  
the Internet.  What is the Internet?
The Internet is hardware and software 
that connects electronic devices  
together into worldwide networks  This 
includes computers and smartphones.  

Internet connects worldwide digital devices together.
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 Internet of Things
The Internet connects more than  
just people.  It also connects things  
to communiciate with each other.
Simply said, the Internet of Things 
(IoT) is where I use my smartphone  
to control things like home heaters, 
lights and appliances. 
The more complicated answer is  
that tiny sensors with chips help  
almost anything to connect and  
communicate via the Internet.
The global business potential is  
huge.  There are also plenty of privacy 
and security concerns.  As a positive,  
imagine being able to manage all the  
devices and data in my life?  Internet 
of Things makes this possible.

The Internet of Things 
connects people and  
everyday objects together 
via the Internet.
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We use the Internet with the next wave too.

 IoT

 My Internet of Things! My Internet of Things!
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WAVE 6) - Data Surf 
We say "surf" to mean search linked data  
via the Internet to answer our questions.  
We call Wave 6, Data Surf.  What is the 
worldwide web (www)?  The www is all the 
data that we create, store and search  
on the Internet.  This includes all our-
texts, documents, pictures and videos etc. 

Wave 6 is  
Surfing	Waves	of	 
Internet data to  

answer our questions.
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Surf`s Up 

The Sixth Wave starts in the sea of 
unorganized, raw digital data.   Data  
are all the text, words, numbers,  
pictures and videos on the Internet.  
We search or surf, web data on  
subjects that interest us.    
The results become information.   
Information is organized data that  
humans and machines understand.

data 
InformationInformation

Raw DataRaw Data

Chat Bots help us Surf Waves of Data.
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Chat Bots 

A digital, Virtual Assistant,  
also called a "Chat Bot" replies  
to voice questions from humans  
to help us search the Internet.

Examples are:  SIRI, Cortana,  
Bixby, Google Assistant and Alexa.
SIRI in Norwegian means,  
"a woman who leads us to victory."

We can access Rare and Interesting Facts.
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More than just learning information is needed.

Rare Earth Elements
Our	Internet	surfing	teaches	
us that all the known universe 
is made of about 100 elements.  
The human body is mainly made 
of 15 elements.  Smartphones 
are made of about 75 or 3/4th 
of all the natural elements.
We also learn that mining for 
smartphone materials creates 
pollution.  Environmental  
sustainability is a challenge.

Mining Rare Earth Elements for Smartphones.
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WAVE 7) - OK Wave
To be useful, organized Information 
needs to be applied as Knowledge.   
Imagine the sum of all humanities  
collective knowledge in one place?    
Next, make it easy to access for  
everyone too.  This is Wave Seven,  
the On-Line Knowledge or OK- Wave. 
It is a multimedia multi-verse of  
searchable  and usable knowledge  
freely available to everyone on earth. 
No longer are we humans divided by  
those who have access to education  
and those who don`t.   There is equal  
access for all.  May we use the OK Wave 
connections for all humanity to improve 
our own lives and our world.  Let`s  
progress together on earth and  
into human suburbs in space.

OK-Waves are about sharing Knowledge worldwide.
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OK-Wave Connections

Imagine a world, where we all learn  
according to our own interests and  
abilities.  Access to data, information 
and knowledge will still take personal 
energy and persistence.  Imagine work-
ing together to cure world poverty in 
hearts, minds and pockets?  The poten-
tial of the OK-Wave Connections is to 
giv everyone equal opportunity..  
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Smartphones are built on the shoulders  
of centuries of scientists hard work.  
Often, near endless toil of trial and  
error experiments.  From discovering  
electricity and elements, to inventing  
electronics.  From sound waves to AC  
electricity to EM waves.  It takes  
understanding light before there  
is an Age of Enlightenment. 

Smartphones don`t grow on trees,  
people are needed to make them.
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Made By People
Plenty of machines and robots make 
smartphone parts.  But, at the time 
of writing this book, most of the 100 
steps to assemble smartphones are 
done by human workers hands.
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Share Wisdom
After we personally apply knowledge, 
there is one more activity to do.  
That is, to share the wisdom of what 
we know, with others.  Smartphones, 
with smooth Internet access,  
simplify sharing Knowledge globally.

79

data 
InformationInformation

Raw DataRaw Data

KnowledgeKnowledge

ShareShare
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Smarter People 
A human brain has billions of brain cells.  Each 
neuron has thousands of connections.  The 
Internet connects billions of devices.  Each 
one with billions of transistors.  In the past, 
humans progressed from stone to metal ages, 
to the silicon age and now to the Info Age with 
global OK-Waves Connections.  Human history 
is full of contrasts of steps forward and slides 
backwards into many dark ages.  The constant  
to	all	our	progress,	is	the	free	flow	of	positive	
Knowledge.  May we use electronics, including 
our smartphones to make smarter people too.
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Conclusion

What positive impact will result 
when billions of people connect  
our billions of smartphones and 
computers?

May we have a re-birth  
of learning and realize a global 
"Light Age" of Enlightenment 2.0. 

Where human knowledge is saved 
in one connected, collective freely 
shared database.  Individuals self 
propel to improve each own life,  
then our families and equally all 
humanity. 

It is worth a try!
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Light Ages 2.0

May Smartphones enable  
Smarter, Sharing  and more Caring People.
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Digital  Smartphone  VIDEO

Smartphones

When you watch this video,  
keep in mind what are  

the 7 Waves with Computers?
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Smartphones 
- with 7 Waves

1) Sound                    2) AC                   3) EM

4) Radio                    5) Light               6) Web Surf

7) OK-Waves

Smartphone ONE PAGER
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Smartphone  VIDEO Script
i-1)  Welcome to Smartphone Science with 7 Waves
i-2) What makes, my phone smart?
i-3) Let’s see the science inside telephones, cell phones & smartphones?
1-1)The word telephone means “far sound”.
Phones send my voice to my far away friends.
2-1) WAVE ONE, Sound
2-2) Shaking things make sounds.
2-3) Sounds are physical waves in the air.
3-1) Vocal cords shake the air in a pattern of my voice.
3-2) Sound does NOT travels very far.
4-1) My Ears hear sounds.
4-2) Ears change sounds into electricity
4-3) Ears send the e-signals to my brain.
4-4) What is electricity?
5-1) Electricity is a form of energy.
5-2) We see electricity, When Lightning flows from sky to earth.
6-1) In a phone, sound changes into electricity e-patterns of my voice.
7-1) The phone number tells where to send my call.
8-1) Electric switches send my e-voice to the correct wires.
9-1) At first, long distant calls use V-Tubes to make the electri-
cal signals stronger. V-Tubes are expensive and burn out often.  
Something better is needed.
10-1)  Later, Transistors are invented to replace V Tubes.
10-2) With science, Weak signals go in and Strong signals come out.
10-3) Later, we will see that transistors also act as switches.
11-1) The e-patterns of my voice.
11-2) Flow through wires and switches to my friends.
11-3) Next, we need to know that Magnets and Electricity are related.
12-1) Magnets have two sides or poles: north and south.
Opposite poles, attract. Same poles, push apart. 
13-1)This is one of the most important facts of our modern world.
13-2) Electricity flowing in a wire makes a magnet, called an electromagnet.
13-3) Also, the reverse is true, turning wire near magnets, makes 
electricity.
13-4) This is how electricity in our homes is made.
13-5) Also, how electric motors work.
14)  Later, we see how Speakers use electromagnets too.
15-1) Cell phones are next.
15-2) Cell phones can move around.
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Smartphone  VIDEO Script
16-1) First, physical sound waves change into electricity inside the phone.
16-2) Cell phones use battery power to do this.
17-1) Early cell phone batteries are huge.
17-2) Next, thin Lithium batteries are invented. Perfect!
17-3) Battery power is called Direct Current, DC.
17-4) Next, we need more waves.
18-1) WAVE TWO is AC.
18-2) Battery electricity, changes into AC Electricity waves.
18-3) We have AC electricity, in our homes.
18-4) Cellphones work, when AC changes into the next wave.
19-1) Remember, when Electricity flows in a wire, it makes a magnet.
20-1) WAVE THREE is called EM.
Very tiny bits of electricity join with very small magnets.
20-2) These waves are called electromagnetic or EM.
20-3) Changing the number or frequency of waves per second 
changes the type of EM.
20-4) What does this mean to my phone?
21-1) WAVES FOUR are called Radio Waves.
21-2) AC signals go to my cell phone antenna.
21-3) AC electricity changes into special EM Waves called Radio Waves.
21-4) Radio waves fly through air and space.
21-5) Radio waves are Millionths of a meter long.
21-6) My cell phone works because of EM Radio Waves.
22-1) The cell phone Radio Waves go to cell tower antennas.
23-1) Here, computers pick the best path
23-2) To route my call.
23-3) This includes a network of other cell towers, landlines and 
sometimes satellites.
24-1) What makes my smartphone smart?
24-2) Smartphone chips are thousands of times better than cell 
phone chips.
25-1) Today, Smartphones are not as smart as humans.
25-2) The human brain has about 100 Billion cells.
25-3) In about 10 years, computer chips may have the same  
number of transistors.
25-4) But, the human brain cell has a secret.
25-5) Each brain cell has thousands of inter-connections
25-6) Which today, make human brains smarter than computer chips.
26-1) Smartphones use Solid State Drives with special chips to store data.
26-2) Smartphones need more than just hardware.
27-1) Software are directions and applications or APPs.
27-2) Software tells smartphones what to do and how to so it.
27-3) APPs do actions like: take pictures; send emails or surf the web.
27-4) First, we need the next wave.
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Everyday Objects

Smartphones

Smartphone  VIDEO Script
28-1) WAVE FIVE is Light.
28-2) Light is a type of EM Wave.
28-3) The sun and My smartphone screen gives off light.
28-4) Light waves are Billionths of a meter long.
28-5) This is over a thousand times smaller than Radio Waves.
29-1) How is smartphone light made?
30-1) Higher energy electrons (N), flow into low energy material 
(P). These, LEDs, give off light
30-2) Screens have millions of Red, Green & Blue points called sub-pixels.
30-3) Chips control the fast flow of electricity to change the screen pictures.
31-1) We input info into the phone via the touchscreen.
31-2) Next, the science gets a bit gooey (GUI).
32-1) Graphical User Interface or Gooey, is how I “talk” with my smartphone.
32-2) By touching GUI Icons, I input instructions to my smartphone.
33-1) I use smartphone sensors like accelerometers & gyros  
- to play video games.
33-2) Sensors do more than just play.
34-1) Other sensors like the digital compass & GPS work with Map Apps.
35-1) Smartphones also make music
35-2) Sounds are made from songs saved in digital memory.
35-3) The Speaker has an electromagnet connected to a cone  
to turn the e-patterns back into sounds.
35-4) Next, we take digital pictures.
36-1) Light changes into e-patterns for digital pictures.
36-2) We take selfie pictures and share with more Radio Waves.
37-1) Remember, cell phones work with EM Radio Waves?
37-2) Smartphones also use other Radio Waves for Blue Tooth & WiFi.
38-1) With EM Radio Waves we connect to the Internet.
38-2) We use the Internet with the next wave.
39-1) WAVE SIX is www Data Surf.
39-2) I “Surf” the worldwide web to search for answers to MY questions.
39-3) Chat Bots help me Surf Waves of Data.
39-4) The Internet connects worldwide computers together  
to enable the last Wave.
40-1) WAVE SEVEN is about OK-Waves
40-2) With our smartphones, we share On-Line Knowledge or OK 
Waves.
40-3) OK- Waves are the useful data, that we share with everyone 
on our connected Earth.
C-1) This video ends at the start of OK-Wave Connections
C-2) Imagine a world, where everyone has access to all the worlds 
knowledge.
C-3) Image, we apply OK-Waves to positively improve our own 
lives and our peaceful societies?
C-4) Now, that is smart science!



Most people on earth have smartphones.  Its  
the most wanted products ever made.  They  
are millions of times smarter than the  
computers that landed people on the moon.   
Smartphones are hand held.  But they put  
centuries of Science within our reach.  They  
are complex like living creatures, but the basic  
Science inside smartphones is easy to understand.  
With seven waves, we see the Science that are  
the basic building blocks insides smartphones.   
This book also explores the interface between 
smartphones and our own intelligence.

1) Sound                    2) AC                   3) EM

4) Radio                    5) Light                 6) Web

7) OK-Waves
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With the Apps on my hand-held With the Apps on my hand-held 
smartphone, I do actions that  smartphone, I do actions that  
once took separate objects.once took separate objects.
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Smartphone 
Objects Before Apps

Before smartphones, these  
are all separate objects.

Smartphones - Objects



Before Smartphone Applications,  
there are separate objects.
For easier translations for the  
international versions, present tense  
verbs are used throughout this book.
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 Camera

Before the Photo Apps, there are cameras.
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A camera lens focuses light onto film.  The film can  
only take up to 36 pictures before more film is needed.

After the photos have been  
taken, the film is full.  You  
still can’t see the pictures yet.
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The film is taken to a special store. 
The pictures are developed onto photo  
paper.  The photos are stored in albums.
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Next, digital cameras are invented. 
Lenses shine light onto special sensors 
instead of film.  Sensors turn pictures 
into patterns of electricity that are 
saved as pictures.
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Today, we do not need a separate 
camera.  We take pictures with  
Photo Apps on our smartphones.

Smartphone cameras  
enable selfie pictures.

There are even Photo Apps to remove red  
eyes and wrinkles from the digital pictures.
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Inside the smartphone, tiny lenses focus light  
onto a sensor.  Software turns the picture  
into digital patterns.  Photos are stored  
in the smartphone’s memory.
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Digital photos can be shared  
instantly with other smartphones.

The challenge is storing and  
organizing so many on-line pictures.  

Also, separate cameras still  
take the best quality pictures.

We need maps 
to help us find 
the places to 
take pictures of.
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Printed Maps and Apps

Before smartphone Map Apps  
like Google Maps and Apple Maps,
there are hard-copies of printed maps.

The printed maps are only 
good for one place.  That is, 
when we go to other places,  
we have to buy new maps.
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Today, we don’t need separate  
paper maps.  We get our  
directions from Map Apps.

Map Apps even reroute  
us when we get lost.
This is a feature  
I use often.
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Today, Global Position Satellites,  
called GPS, send out signals to  
our Smartphones.  The smartphone 
knows its location.  Next, the  
phone talks with the maps  
database to plan our trips. 

10 Smartphones - Objects



11

This is an interesting example of the power of on-line maps.  
At first, Google Maps made a mistake. It said that a piece of 
Costa Rica was part of Nicaragua. In 2010, the Nicaraguan 
Military seized the land. Later, they withdrew.  Google has 
since corrected the on-line map error. It is amazing how  
well on-line maps do with helping us with directions.

When we travel, we need to know what time it is.
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 Clocks & Calendars

Before the Time Apps,there are separate  
clocks, alarm clocks, watches and calendars.

Smartphones - Objects
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In the past, clock springs and gears turn  
hands to keep time.  Bells ring to wake us  
up.  Later, alarm clocks are electric.   

Smartphones - Objects



A calendar is a list of days,  
months and years.  In the past,  
calendars are only printed on paper.   
On-line schedules and calendar  
apps are much easier to use.
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Somehow	with	all	this	time	at	our	finger-
tips, we are still late for meetings.  Often, 
in meetings or shopping we need to do math.

Today, we don’t need separate clocks  
and calendars.  Time Apps tell us  
the time and date and wake us up too. 

Smartphones - Objects

Today, smartphone  
sensors and software 
tell us the time and 
weather around  
the world.
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Calculator

Before the Math Apps,
there are handheld calculators.
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Different calculators do different tasks.  
For example, there are separate calculators 
for accountants, engineers and scientists.
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Today,  we do not need separate calculators.  
Smartphones come with simple calculators.   
There are also additional Math Apps  
for higher math and more functions.

Math Apps help but the human  
still has to do the thinking.
While we do math, we can listen to music.

Smartphones - Objects



Music

Before the Music Apps, there are round 
LP records and later compact disks (CD). 

19

Songs are stored as record grooves and CD micro peaks.
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Records and CD`s have  
their own separate players.

record player

CD player
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Groves on the LP record,  
wiggle needles. This shakes  
the speaker to make sounds.
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Under a microscope, you can see that CD’s have peaks  
and valleys called pits.  The peaks bounce the laser light.  
The digital light patterns are changed into electricity   
in a sensor and then into sound in the speaker.

Smartphones - Objects
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Records and CDs can only  
play a few songs.  Today,  
It is amazing that Music 
Apps can play thousands  
of songs on demand.

Listening is nice but we to want to hear and see videos too.
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Video

Before the Video Apps,there  
are movie cameras and projectors.

movie projector

Smartphones - Objects



To record action, movie cameras take over 20  
pictures	a	second.		The	first	movie	cameras	use	film.		
Next, video cameras record onto magnetic tapes.

film

film
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At a theater, movie projectors use  
bright lights to shine through the film.  
The movie is shown onto a huge screen.
Popcorn, candy and snacks are expensive.
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Later, videos are stored on VHS  
tapes and then next onto DVD’s.

Smartphones - Objects

DVD
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It is amazing that movies have gone from  
theaters to personal TV`s and smartphones. 

More than just watching videos, people want to play games.
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Video Games

Before the Game Apps,
there are arcades and then
home TV consoles and controls.
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In 1980’s, video games are played by paying 
quarter coins into machines at arcades.  Next, 
video gaming systems hook-up to the home TV.
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Now days, downloaded software  
Game Apps and smartphone sensors 
explode the use of video games.  
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Zombies, ninjas, fighters, soldiers,  
adventurers, racers, sports players  
are all examples of video games  
available on smartphones. 

Smartphones - Objects
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The ease of access to games on smartphones  
contributes to concern about video game addiction.

Video games also connect players via the Internet.   
Often, we just want to send short notes to someone. 

Smartphones - Objects
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 Text and e-mail
Before Text and e-Mail Apps, people  
write letters by hand with pen and paper. 

It costs money to mail the letters.   
Hand mailed letters are called snail- 
mail because they take days to deliver.

Smartphones - Objects



It is amazing to go from  
hand written letters to  
on-line texts and e-mails.   

But, just like snail-mail, 
e-mail gets lots of junk 
mails and adverts.  
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Today, we text and e-mail instantly  
with others around the world.

The challenge is that sometimes, we  
hit the send button before thinking  
through what we are saying - oops!  
There is no “un-do” for on-line e-mail.

Sometimes, we search the Internet for  
something interesting to share in our e-mails.

Smartphones - Objects
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Internet Searches

Books are stored on shelves at public libraries.

clipart.com

Before Internet searches, people  
with access, research at libraries.
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Library searches include looking up  
topics in special books called encyclopedias.
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Drawers of catalog cards are searched by  
hand to find books on subjects of interest.

The books are stored on rows after rows  
of shelves.  Each book has a special number 
called Dewey Decimal code to help us find  
the right book.  There is a lot of running  
around to get all the books we need.

Smartphones - Objects
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In the past, there are several attempts to  
store the world’s data.  Only a few people  
can access this data. 
Today, the world-wide-web links humanity`s 
knowledge.  Free access connects humans  
and kindles the hopeful quest for world peace.

Alford Books

www.wikpedia.org

www.alfordbooks.com

International Institute of Bibliography
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It is amazing to go from limited  
shelves of library books to hand- 
held on-line Internet searches.
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Today, we have a world of information at our finger 
tips.  We just have to show interest, ask questions  
and search the internet.  With access to so much  
information, it is easy to get overwhelmed by the 
mountains of data.
The challenge is to stay focused on one basic 
question at a time.  Summarize the answer without 
drowning in the sea of on-line data. Often, we are  
over-entertained at the expense of being informed.
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Sometimes, we just want to call someone.
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Cell Phone
Before cell phones,
there are telephones that are  
locked in place with land-lines.
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Back then, home and work have land-line 
phones.  When you want to make a call  
at places in between, you have to find  
a pay phone.  Many people today cannot  
remember a time before cell phones. They 
cannot image the amount of inconvenience 
by not having a portable cell phone.
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Everywhere we use our cell phones, there  
are towers and base stations. Cell phones  
use Radio Waves to talk with tower  
antennas.  The base stations connect  
to each other and land-lines.

Global tower stations and telephone lines connect cell phones.

Smartphones - Objects



46 

All this happens so fast that we can talk  
with others around the world without delay.

Wow!  Today, smartphones sure can do a lot!
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In the past, these are all separate objects.
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Smartphones replace all these  
objects with software apps and sensors.
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Long ago, people searched for a magic stone 
that would change anything into gold.  Today, 
smartphones “magically” change separate  
objects into Apps.  Data is the new gold rush!

data

1849, panning for gold

Smartphones - Objects

Philosopher`s
stone 
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Smartphones offer us a world of golden 
opportunities to realize our own creativity  
with on-line tools and global connectivity. 

 Conclusion
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Smartphone 
Objects Before Apps

Alford   Books

Cameras, alarm clocks and video game  
consoles were all once their own separate 
objects.  Today, these items and many 
more are part of our phones.  Inside this 
book, is the story of the objects before 
they became smartphone apps.
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Smartphone  VIDEO

When you watch this video,  
think about the APPs that  

were once separate objects.
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Smartphone  ONE PAGER

Smartphones - Objects

1) Camera1) Camera

2) Maps2) Maps

3) Music3) Music 4) Video4) Video

5) Mail5) Mail

6) Search6) Search

7) Phone7) Phone
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Smartphone  VIDEO Script

i-1) Welcome to Smartphones
i-2) Seven Objects Before They’re Apps
i-3) May SMART phones lead to SMARTER people!
1-1) At first, cameras use film.
1-2) Next, inside digital cameras...
1-3) Light shines on a sensor to capture pictures.
1-4) Today, Photo Apps use tiny sensors
1-5) to take digital pictures too
1-6) We’ve gone from separate cameras
1-7) to selfies.
2-1) At first, maps are printed on paper
2-2) New places, need new maps for us to find directions.
2-3) Next, global satellites, GPS
2-4) Send location and time signals to separate receivers. 
2-5) Today, Map Apps use GPS, tiny sensors and software for us 
to find directions.
2-6) We’ve gone from paper maps
2-7) to easily finding new places.
3-1) At first, “Groovy” records make music
3-2) Later, records are replaced by CD`s
3-3) In a CD Player, Light becomes on or off patterns...
3-4) that turn into sounds in the speakers.
3-5) Today, Music Apps use songs, stored as digital memory
3-6) to make music
3-7) We’ve gone from separate records and CD`s to playing and 
recording smartphone sounds.
4-1) At first, movie cameras use film
4-2) Next, video cameras use tape.
4-3) Then, digital video cameras use sensors and memory
4-4) to record video.
4-5) Video cameras take over 20 still pictures a second.
4-6) Today, Video Apps use
4-7) the camera for pictures
4-8) and microphone for sound.
4-9) software keeps pictures and sounds in sync
4-10) We’ve gone from separate movie cameras
4-11) to smartphone that records and plays video.
4-12) We also play video games
4-13) with More sensors and action filled software.
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Smartphone  VIDEO Script
5-1) At first, letters are written by hand.
5-2) Next, typewriters type letters.
5-3) We pay to mail the letters by post.
5-4) It takes days or weeks for letters to be delivered.
5-5) Today, email Apps use touchscreen and software
5-6) to write texts and emails.
5-7) We’ve gone from slow letters
5-8) to instant emails delivered worldwide.
6-1) At first, library books are used to search for subjects.
6-2) Can you imagine
6-3) Drive to the library
6-4) Search card decks
6-5) to find books
6-7) to search for data? Lots of work for little information.
6-8) Today, Search Apps quickly connect to the global internet that 
seems endless.
6-9) We search the world’s knowledge at our fingertips.
6-10) We’ve gone from separate books
6-11) to worldwide web searches. Wow!
6-12) Just one more …
7-1) At first, telephones are land-locked in one place.
7-2) Next, cell phones make calls on the move.
7-3) Cell phones use radio waves
7-4) to connect to global tower networks and telephone lines.
7-5) Today, Phone Apps, change sounds into radio waves
7-6) to make worldwide phone calls.
7-7) Wifi and Blue Tooth use radio waves too.
7-8) We’ve gone from separate phones
to connected smartphones. Now to end.
C-1) (smartphone ringtones) Hello!
Yes, It once took all of these, (7 objects)
C-2) to do what my smartphone can do today.
C-3) I take pictures;
C-4) find directions;
C-5) listen to music;
C-6) take and play videos
C-7) send e-mails
C-8) search the internet;
C-9) and of course! Make phone calls
C-10) All, with my handheld smartphone.
C-11) Ok then thanks for the call. Bye! Bye!
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Cameras, alarm clocks and video game consoles  
were all once their own separate objects.  Today, 
these items and many more are part of our  
phones. Inside this book, is the story of the  
objects before they become smartphone apps.
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 Electricity Electricity

Electricity, literally, powers our Electricity, literally, powers our 
world.  From plug-in appliances  world.  From plug-in appliances  
to battery our electronic devices.to battery our electronic devices.

11
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Electricity

Video

Science of Electricity
-VOOK

2

When you watch this video,  
think about how electricity  

powers our everyday objects.

Electricity  VIDEO
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Electricity  VIDEO Script
i-1) Welcome to the science of electricity
i-2) It Zaps and shocks!
i-3) It flashes and thunders!
i-4) It is the Digital power in electronics that compute  
and connect our daily lives.
i-5) Let’s learn about electricity with 7 M’s.
1-1) ONE Minds
1-2) These people use their minds to discover electricity.
1-3) This person captures electricity in jars.
1-4) This guy notices electricity in animals.
1-5) Volta sees a Torpedo Fish with different cells.  
He makes a stack of different metals
with acid in between. He Makes the first battery.
1-6) Franklin experiments show lightning is electricity
2-1) TWO Model
2-2) People make model to explain electricity.
2-3) Atoms have plus charge centers.
2-4) Negative charge electrons circle around & above the nucleus.
2-5) We think very tiny Electrons orbit the nucleus in 3 D.
2-6) But Electrons do more than just orbit the nucleus.
3-1) THREE Move
3-2) Electric charges move
3-3) In a battery, electricity moves in circle from negative side to 
the plus side.
3-4) While it moves, Electricity does work on light & make lights glow.
3-5) Electricity has push called voltage.
3-6) And flow called current.
4-1) FOUR Make
4-2) We make static electricity when we walk across carpet & touch metal.
4-3) Batteries use two metals with different electron pull.
4-4) And a special fluid to make electrons move around a circle
4-5) We Turn wire near magnet make AC electricity flow.
4-6) We use Water , steam and wind power. to move wires near 
magnets to make this kind of electricity.
5-1) FIVE Modern
5-2) This AC type of electricity from the wall charges batteries for 
our modern digital objects.
5-3) Digital power is actually tiny bursts of electricity
5-4) Look around our daily lives to see how many things are electric.
5-5) Electricity powers objects: From lights and TVs
To fridges, washers and dryers
5-6) And these too !
5-7) They have a secret inside to make them move.
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Electricity  VIDEO Script

6-1) SIX Motors
6-2) Electric motors turn.
6-3) That is electricity flows, makes electromagnets that push 
against magnets.
6-4) The result is electric motors make things move
6-5) Here are examples:
6-6) Electric motors turn these too !
6-7) In electric cars, batteries turn motors that make the wheels 
move.
7-1) SEVEN Me
7-2) There is electricity in me too.
7-3) Chemical electricity self drives my heart and lungs.
7-4) Next, my senses change inputs into electricity. They send 
electric signals to my
brain.
7-5) This includes: eye light; Ears sounds; Nose smells; Tongue 
tastes
and Skin feels
7-6) Input senses change into electric signals and sent to my brain.
7-7) Connected Brain cells, electrically think and decided what to 
do next.
7-8) My brain sends more electric signals via nerve roads to move 
my muscles.
7-9) This is how I grab things, talk and walk.
C-1) To Close, Human minds notice nature and discover electricity.
C-2) This model explains it.
C-3) Muscles and Motors move with it.
C-4) People make electricity.
C-5) We use it to power our modern lives
C-6) My heart beats, senses sense and brain thinks, with it.
C-7) Electricity powers: Lightning; Lights and Electronics.
It is the on-switch push in my Life Force too.
Wow!



8)  8)  Everyday ObjectsEveryday Objects
Science is all around me.   Science is all around me.   
Science is like the life-force  Science is like the life-force  
inside my everyday objects.inside my everyday objects.
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Science of  
Everyday Objects

Science makes sense when I see it  
in action with objects I use everyday!
Science ideas like puzzle piece integrate 
together to make our digital devices.
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What is the science in common objects?  
Where do the ideas for the discoveries 
and inventions come from?  How do  
everyday items lead to more  
clever ideas and more inventions? 

Present tense verbs are given priority in 
this book to simplify English as a second 
language (ESL) understanding.
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Everyday Objects

Thousands of years ago, the Egyptians 
use natron in their mummies.  It is a 
type of soda salt used to dry out the 
mummies.  Traders transport the salt 
from hundreds of miles away.  One 
night, the traders camp by the sea 
shore.	They	build	a	big	fire	on	the	
sandy beach using natron blocks  
to support their cooking pots.  

The next morning, they notice  
something they call the rock that 
flows.		We	call	it	glass.		Today,	 
globs of hot glass are rolled on  
giant screws to make cool marbles.

Glass – Mummies to Marbles

2
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Amazing!  Silicon sand 
becomes clear glass.  
Later, Silicon is also 
used to make silver 
colored computer  
micro-chips.
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Today, we say this phrase to mean someone famous.  
For example, “The big wigs walked down the red carpet”.

Thousands of years ago, 
the Greeks learn how to 
grind clear glass into 
curved shapes.  They use these 
lenses to focus sunlight to start 
sacred	temple	fires.		Later,	 
people forget how to make lenses.

In the middle ages, people in Europe 
use glass containers full of water to 
magnify threads while making lace.
Someone gets the idea to grind a 
curved lens and make a magnifying 
glass.  Today,  lenses focus light  
for glasses, cameras, telescopes 
and microscopes.

Lens – Fires to Focus
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With lenses you can see the need for soap.
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Amazing!
Microscope lenses magnify 
tiny microbes, like 
bacteria, so we can see 
them.  Telescope lenses 
also  magnify space so  
we  can see near planets 
and distant galaxies.
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There is a legend from long ago that 
people notice that clothes washed in 
the river from Mount Sapo are the 
cleanest.  On Mount Sapo religious 
ceremonies take place where animals 
are	sacrificed.		That	is,	the	animals	
are burnt as an offering to the gods.
Someone notices that it is the 
cooked animal fat mixed with wood 
ashes that makes the clothes all 
clean.  Today, many soaps are still 
made from animal fat and wood 
ashes (lye).

Soap – Ashes to All Clean
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A cameras made this soap bubble picture.
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Amazing!
Can you imagine how 
smelly our world would  
be without soap?  The 
soap molecule has two 
 ends.  One likes grease 
 and the other end likes 
water.  This is why soap  
is successful at cleaning.
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The Latin word “camera” means 
“room.”  The Romans notice 
that light shinning through a  
hole or lens and into a dark room, 
make an upside down image.  

2,000+ years later, someone sees that 
silver chemicals are light sensitive.  
They	develop	film	used	with	glass	 
lens and a box, called a camera.   
Zoom lenses are invented  
to make images look bigger. 

Today, digital cameras use electronics 
to	store	images	instead	of	film.  

Camera – Room to Zoom  
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Need to invent paper before pictures can be printed.

Amazing!  Light 
focuses an image 
through a lens 
to take pictures.  
Without this  
simple fact, 
there will be no 
smartphone	selfies.	
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Long ago in China, someone 
notices wasps making a nest.  
The bug bites off bits of 
wood, chews and spits them 
out to form the wasp nest. 
The person gets the idea  
for making paper.
Today, we write on paper still 
made from bits of wood.

Paper 
– Wasp to Write On

W
ik

ip
ed

ia
 b

y 
R

ic
ha

rd
_B

ar
tz

10 Everyday Objects



Next, a powder with a punch changes the world!
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Amazing!
Can you imagine human 
history and our everyday 
life without paper?
Someone notices bug spit 
in nature and humans get a 
way to write down our ideas 
to share today and with the 
future.
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Over a thousand years ago, 
the Chinese want to make 
noises to scare away “evil 
spirits.”  They notice that 
bamboo	explodes	in	a	fire	
as the air bursts from the 
natural segments.  

Later, someone searching 
for a potion to prolong 
life, accidentally discovers 
gunpowder.  Next, gunpowder 
is placed in the bamboo.  
When	lit,	the	firecracker	
goes off with a bang.

Today,	fireworks,	 
guns and rockets still  
work in similar ways.

Fireworks – Bamboo to Bang    
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Paper	is	wrapped	around	fireworks.		
Paper also has other uses!

W
ik

ip
ed

ia
 b

y 
 B

ill
y 

H
ic

ks
 

Amazing!
There is irony in the fact that gunpowder that  
today is responsible for taking so many lives,  
is	discovered	trying	to	find	a	way	to	prolong	life.
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Throughout most of history, books are 
written by hand onto.  Each book 
takes a long time to copy.  
Handwritten books are expensive.
In	the	1500’s,	Gutenberg	is	a	
goldsmith.  He gets the idea to cast 
individual block letters.  He puts them 
together to form words.  He uses 
the big screw from a wine press to 
push the ink from the letters onto 
paper pages.  This makes books faster 
and less expensive.  Today, Printing 
Presses that print newspapers to 
popular paperback books, still  
use the same idea.

Printing – Blocks to Books   
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Now days, many books are also electronic e-books.
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Amazing!
Books impact human 
history more than  
any other object.
Thousands of years  
before the Internet, 
books	share	scientific	
discoveries worldwide.  
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In	the	1770’s,	Galvani	studies	 
frog muscles.  He notices that 
sparks of static electricity  
make the dead frog legs move.

He touches frog legs with metals.  
Something makes the legs twitch 
by themselves.  He wrongly thinks 
the legs move because of "animal 
electricity".

Later, a person named Volta notices 
that two different metals with a 
special liquid between them make 
electricity.  He sees an electric 
torpedo ray and gets an idea to 
stack copper, acid soaked paper  
and zinc disks.  He invents the 
battery.   Today, we use 
batteries for portable power.

Electricity – Twitch to Switch   
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Amazing!
Noticing electricity in nature 
leads to making batteries..  
Our digital world is powered  
by electricity. No electricity, 
then no electronics. 

17 Everyday Objects Everyday Objects

Sometimes electricity and good ideas spark!

bio-electro-genisis

Volta batteryVolta battery



In	the	1880’s,	people	notice	that	
electric sparks make Radio Waves.  
Later, it is learned that the quickly 
changing	flow	of	electricity	that	
makes the radio waves.  Wireless 
communication called “radio” is 
invented.

Antennas transmit or send the 
signals into space and around us.   
In the receiver, these  
radio waves are changed back  
into sounds in the speaker. 

Today, radios, smartphones  
and WiFi all use radio waves.

Radio – Sparks to Speakers
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Over 100 years ago, people listen to radios at  
night while kerosene lamps light their rooms.
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Amazing!
Radio and Light are all 
electromagnetic waves.   
That is, they are made of 
waves of electrical and 
magnetic radiation.  The 
difference is the length.  
Light is billionths of a  
meter long.  These  
Radio Waves vary in  
length from a football  
to longer than  
a	football	field.	
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Before electricity, whale oil lamps 
light the night.  The over hunted 
whales become scarce and their 
oil expensive.  A new light  
source is needed.

Long	ago,	people	first	notice	 
the black goo of oil.  It seeps  
to the surface from pools  
deep inside the earth.  People  
learn that oil burns.

In	the	1850’s,	ideas	from	alcohol	
stills are used to distill kerosene 
from oil.  Kerosene is big business. 
Kerosene is burned in lamps.
Gasoline	or	‘gas’	is	also	distilled	
from oil.  At this time, there  
is little use for petrol gas.

Oil - Goo to Gas
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Kerosene lamps bring light to night 
until the electric light bulbs are made.
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Amazing!
Oil is made over millions of years.  Life in 
ancient	seas,		dies	and	settles	on	the	sea	floor.		
Over time, the dead creatures are covered 
over with sand.  With lots of heat and pressure 
the carbon turns into oil and natural gas. 
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Up	to	the	1900’s,	many	homes	use	
kerosene lamps for light.  That is, 
until Edison makes common light 
bulbs.  He also invents the DC 
electrical system to power them.
Electricity	heats	the	thin	filament	
until it is so hot it glows.  Edison 
uses	carbon	fibers	from	baked	
bamboo	as	a	filament.
Later, light bulbs use longer  
lasting	tungsten	filaments	 
and AC electricity. 

Light 
– Flame to Filament
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Light bulbs are the symbol for good 
ideas.  Next, two brothers come up 
with a doozy.

Then Now

Close	up	of	a	filament.
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Amazing!
Flowing electricity turns into light. The 
light bulbs above are called incandescent.  
Filaments glow to make light.  Today, many 
light	bulbs	are	fluorescent.		They	do	not	have	
filaments.	They	use	mercury	molecules	to	
make the white phosphor coating glow and 
give off light. These light bulbs use  
less power and last longer.  We also  
use LED lights.

LED



Years ago, a father gives his two 
young	sons	a	flying	toy	to	play	with.		
The Wright Brothers are fascinated 
with	flight	from	then	on.	

When they are adults, they make 
a glider that can carry a person.  
Next,	they	figure	out	how	to	control	
the aircraft.  Finally, they add an 
engine to the wood and cotton cloth 
plane.		In	1903,	they	fly	in	the	first	
airplane.  

Today, thousands of planes,  
daily	fly	around	the	world.

Airplane  - Toy to Take-Off   
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When	the	first	planes	fly	in	the	skies,	most
people on the ground still ride in horse pulled vehicles.

Amazing!

The Wright Brothers make their own gasoline engine 
to	power	the	first	plane.		They	design	the	propeller	
after much trial and error in a small homemade wind 
tunnel.
They	fly	from	Kitty	Hawk	Beach.		The	wind	gives	
extra lift.  They land on the soft sand.  To reduce 
weight,the	first	planes	do	not	have	landing	wheels.	

25 Everyday Objects Everyday Objects



The	first	cars	are	expensive,	so	only	the	
rich can buy them.  Henry Ford wants to 
make affordable cars for everyone.
He notices a meat packing plant.  The 
animals come into the plant and are 
slaughtered.  Next, they are put on moving 
hooks and disassembled into meat portions. 

Henry gets the idea to do the reverse.  He 
uses interchangeable parts and a moving 
assembly line to make cars.  His factory 
makes millions of inexpensive Model T cars. 

Today, our cars, airplanes and electronics 
are made on similar production lines.

Car – Meat to Model T
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Up	to	now,	food	is	cooked	over	fires,		in	ovens	or	
on stoves.  This changes with more waves.

Amazing!  At this time, kerosene lamps light homes.  
Gasoline is a by-product without much use.  Ford`s 
internal combustion car engines use the inexpensive 
gasoline.  Precision machines like lathes and gear  
cutters with skilled workers make the close  
tolerance interchangeable parts.
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In 1946, Dr. Percy Spencer is 
an engineer who works with 
new Radar tubes.  He notices 
that the microwaves from the 
tube melts a chocolate bar in 
his	pocket.		Next,	the	first	
microwave ovens cook meals.
Microwaves are a type of  
Radio Waves.  
Today, Radar, point to point 
communications like WiFi and 
some ovens still use microwaves. 

Microwave – Melt to Meals   
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No	need	to	microwave	popcorn	until	TV’s	are	invented.

Amazing!
Microwaves are another type of 
electromagnetic radiation like visible  
light and radio waves. Microwave 
transmitters and receivers are used  
in straight line telecommunications 
for radios, TV`s and smartphones. 
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In	the	early	1900’s,	radio	is	the	main	home	
entertainment.  Young Philo Farnsworth 
plows	the	fields	at	his	family’s	farm.		He	
gets an idea.  If you scan a picture row by 
row, then you could see and not just hear 
radio.
As an adult, Philo invents electronics that 
scan pictures - like plowing - row by row. 
Television is invented using the ideas 
of Philo and others.  E-beams scan the 
pictures.  The signals are sent through  
the air on radio waves.  An antenna picks 
up the signal and converts it row by row 
back into pictures.
Today,	TV’s	and	computer	screens	also	
use	flat	LCD	and	LED	panels.		They	use	
microchips to control each point of light 
called a pixel instead of scanning rows. 

TV – Plow to Picture
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Today,	we	see	movies	on	our	TV’s,	computers	and	smartphones.		Hard	to			
believe	that	the	first	cameras	could	only	take	one	B&W	picture	at	a	time.

Wikipedia by  Don O’Brien

Amazing!  The word television means “to see from far 
away”.Sound and picture signals come into most homes  
on	the	planet.		At	first,	the	signals	are	sent	through	 
the air with radio waves. Now, satellite dishes send  
signals directly to our homes.  Let`s hope the  
technology will be used to educate as well as to entertain.
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People want to know if a galloping horse 
ever lifts all of its hoofs off the ground 
at the same time.   In 1878, a running 
horse is photographed with 24 still 
cameras.  As the horse runs by, it set off 
tripwires that take the pictures.  The 
pictures answer the question - yes.
More importantly, the pictures are shown 
in sequence.  They show the horse in 
motion.  Edison and others get the 
idea to make movie cameras that 
take many pictures a second.

This leads to silent black and 
white movies.  Later, sound and 
color are added to make the 
“movies” we have today.

Film – Motions to Movies   
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Amazing!
Movies bring together so much Science.  Light 
captures images through camera lenses.  Synchronized 
sound is turned into electrical patterns then back into 
sound.  All this technology has grown step upon step 
throughout time. Today, EM waves let us watch and 
record videos on our smart phones.  
May we appreciate and actively engage our lives to 
learning about the science that brought us to this 
point.  As we understand the science in everyday 
objects, may we apply this technology to improve 
 the lives of everyone on this earth, even as we 
explore and expand to Zip codes in space.
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Common objects come-from clever 
ideas.  The ideas come-from noticing 
nature; solving needs and wanting  
to make money.

Through hard work, trial and error 
and lots of luck, the ideas become 
inventions.

There are connections between 
ancient mummies, frog legs and 
modern movies.

Conclusion
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Natron for mummies leads to  
glass.  Glass becomes lenses 
to focus light for cameras.  
Twitching frog legs lead to 
electricity.  People put all  
these together to make movies.

The origins of common objects  
are easy to understand.  When  
we see where they come-from,  
we also light the path from  
past ideas to new inventions. 
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Unless otherwise noted,  
pictures are in the public domain.
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by Mila Zinkova 
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Epilog

Every common object has Science and  
a story that connects it to our lives.   
Whale oil lamps once lit many homes.  
Whales became scarce.  People discover 
a new kind of lamp oil from petroleum.  
Later, electric light bulbs replace oil 
lamps as a way to light our homes.

Next, airplanes are invented.  Guess what 
they use for fuel?  Yup Airplanes use  
kerosene like lamps do.  Understanding 
the origins of everyday objects helps  
us invent the future.  Starting today!
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Science From Mummies to Movies  
VIDEO Script

i-1) Welcome to Science -
i-2) From Mummies to Movies
i-3) Common objects, come-from, clever science.
1-1) ONE -From Mummies to Glass
Long ago, Egyptians use soda to dry out their mummies.
1-2) Traders ship the soda from far away.
1-3) One night, the traders stop at the sea shore.
1-4) They build a big fire on the sandy beach to cook their food
1-5) They use blocks of soda to hold up their cooking pots.
1-6) In the morning, the traders discover by accident that fire, soda and 
sand makes something they call the rock that flows. We call it glass.
1-7) Later, ancient Egyptians teach the Greeks how to make glass.
2-1) TWO - Lens –— Fires to Focus
2-2) Greeks use the glass lenses
2-3) to focus light to start Useful fires in their temples.
2-4) Next, we see how lenses focus light into images.
3-1) THREE - Camera - Room to Zoom
3-2) Romans use lenses to shine light through a hole into a dark room.
3-3) This makes an upside down picture on the wall.
3-4) Later, these lens show pictures on a box.
3-5) Artists use the boxed images to make outlines for their paintings.
3-6) Next, Film and cameras are invented.
3-7) Cameras with zoom lenses focus the images onto film.
3-8) Film uses light sensitive silver chemicals to capture the pictures.
3-9) Before we invent digital cameras, We need to discover electricity.
4-1) FOUR - Electricity —– Twitch to Switch
4-2) In the 1770’s, a guy named Galvani studies frog muscles.
4-3) He pins the dead frog legs to an iron frame with copper tacks.
4-4) The legs twitch by themselves. He does not know why.
4-5) Next, Volta discovers the secret of what makes the muscles move.
4-6) Electricity flows between two different wet metals.
4-7) Volta invents batteries.
4-8) Later, this guy uses batteries to invent arc lights.
We will talk more about light later.
4-9) First, we need another way to make more electricity.
4-10) Later, this guy learns how to make AC Electricity.
4-11) Just turn wires near magnets.
4-12) Next, this guy uses ideas from the arc light to make this. 
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Science From Mummies to Movies  
VIDEO Script

5-1) FIVE - Radio – Sparks to Speakers
When AC electricity jumps the gap, Radio Waves are discovered.
5-2) Radio stations send out radio waves.  Like from ships 
…. to shore
5-3) Many people have radios at home.
5-4) Inside the radio receiver, the waves come in  
and sound comes out the speakers.
Remember, this is a time before TV`s are invented
5-5) Next, people invent ways to record and replay sound.
5-6) Now, we have sounds that our ears hear.
5-7) Next, we need light and pictures for our eyes.
6-1) SIX - Light – Flame to Filament
6-2) In the past, people burn oil in lamps for light.
6-3) Next, electricity flows in thin, hot filaments in light bulbs.
6-4) Today, bits of electricity make cool lights with LCD and LEDs.
6-5) Millions of pixel points of colorful lights make pictures  
on our screens for movies.
7-1) SEVEN - To Movies.
7-2) Now, these everyday objects, come together to make movies.
7-3) Movies have to be made before they can be played.
7-4) At first, light shines through lenses and onto film to make 
Silent movies.
7-5) Arc lights shine through the film and onto silver screens  
to show the movies.
7-6) Next, in sync sound is added to make “talkie” movies.
7-7) Later, digital movies and videos are made with electricity.
7-8) Today, we see movies on our TV`s or streamed to smartphones!
C-1) To close
C-2) Long ago, soda for mummies, mixed with heat and sand  
to make glass.
C-3) Next, lenses are invented to focus light for pictures.
C-4) Electrical objects store and play the sound too.
C-5) Wow! Amazing! All the science and objects  
that come together to make exciting movies.



This book shows the science behind 
everyday objects.  Learn how ancient 
mummies and frog legs are connected 
to modern movies and more!
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Stress Less
-VOOK

Watch the Video
Stress Less - in 3 StepsStress Less - in 3 Steps

a) Read - ONE PAGER - Overview

soundssounds

lightslights

devicesdevices

Stress LessStress Less
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STRESS LESS - Video Script
STRESS LESS - In 3 Steps  
i-1)  Welcome to Stress Less. 
I-2)  Why am I so Stressed?
i-3)  All around me are:  Noises; Glares and Electronics Overload. 
i-4)  Let us see, how to De-Stress in Three Steps. 

1-1)  ONE,  Noisy Sounds
1-2)  I am surrounded by too many noises. 
1-3)  In the car the radio blares.
1-4)  At work, there’s a sea of surrounding sound waves
1-5)  In public, noisy sounds, swarm and swirl around me.
1-6)  My ears do NOT have an off switch.
1-7)  Throughout human history, ears warn our ancestors of dangers.  
1-8)  How do we hear?
1-9)  Sound waves enter my ears.  
1-10) Tiny hairs and cell sensors change sounds into electricity.  
 My ears send this audio input to my brain.
1-11)   My brain listens to the sounds that I say are important.
1-12-1) Simply Said, To Stress Less:
1-12-2)  I try Quiet.  
1-12-3)  I turn off the music and noise.
1-12-4)  I seek quiet places, where I can listen to my own thoughts.

2-1) TWO, Light Glares
2-2)  Sunlight is the power source for life on earth including us. 
2-3)  I am also surrounded by a visual flood of the glowing glares from artificial lights. 
2-4)  This includes Light bulbs, LEDs and a sea of screens. 
2-5)  How do my Eyes work? 
2-6)  Seeing starts when light enters my eyes. 
2-7)  These cells  send sight signals to my brain. 
2-8)  Based on my interests, my brain sorts out which sights to pay attention to. 
2-9)  Brains ignore most eye signals.  My brain only has so much storage space.  
2-10)  Think about how much visual data, my eyes send to my brain.
2-11)  To compare, video streaming sends Megabytes of Data every second.  
 Think how much data enters my brain. 
2-12-1)  Simply said, I Stress Less when:
2-12-2)  I close my eyes to shut off the lights streams of optical overload. 
2-12-3)  I get more sunlight like a Nature walk to recharge my eyes with real light inputs. 
2-12-4)  Also, we can seek out a dark spot,  free from light pollution.  
2-12-5) The dark sky canvas is sprinkled with cosmic starlight and hope. 
 When you find yourself in a dark place, stare at stars. 
2-12-6)  Ideas and awe fill our optical senses.  They bring light and  
 perspective into my mind’s gray matter. 
2-12-7)  Throughout our history, we humans grow up with sunlight.
2-12-8)  Today, we also find ourselves surrounded by over-lit seas of people made lights. 
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STRESS LESS - Video Script - Continued

3-1) THREE, Electronics Overload
3-2) Today, we constantly touch, hear and see our many electronic objects.
3-3) Wow! It is Amazing! We have so much info and electric ability at  
 our one-click fingertips.
3-4) Before we can DE-stress, we need to impress the importance of  
 one simple fact.-- Our Brains have limits.
3-5) We only have so many Brain cells. That is, We have about 100 Billion Neurons.
 This is like a 100 GB Disk Drive.  Each Brain cell connects to  
              thousands of other neurons. This is how we think and remember things.
3-6) Everyday tech, overloads our senses and brains.
3-7) I wonder, Do stronger electronics cause us to be mentally weaker?
3-8) The result of the constant deluge - of sounds, sights and screens - 
  is STRESS!
3-9-2) At some level our overloaded brain thinks all input signals are real.
3-9-3) This is why video games and action movies make our hearts beat faster.
3-9-4) We cry at something sad on-screen.
3-9-5) We laugh at electro-funny things too.
3-10-1) Simply said, I Stress Less when push the power off button on my electronics.
3-10-2) I turn down sound inputs
3-10-3) I switch off cell phones.
3-10-4) I close, cyber eyelids on all the screens within my sights.
3-11-1) From time to time we can enter ourselves into tech-free zones!
 An opportunity to reconnect with our own minds and not the constant  
 data deluge of electronics overload?
3-11-2) How about a Tech-Free Tuesday when we exercise off buttons,  
l east we forget how to think for ourselves. The mind like a muscle  
 needs exercise to stay fit.
3-12-2) Electro-Off buttons enable us to exercise control over our  
 sentient minds and independent selves.
3-12-3) We stand alone on the shores of our own mind, to reconnect  
 our ability to self think.
 
C-1) To Close, my brain is amazing!
C-2) It thinks, pays attention and remembers.
C-3) My brain also has a limit
C-4) Too much info input causes me stress.
C-5-1) I feel less stress when I balance:
C-5-2) Sounds and quiet times
C-5-3) Human Made lights with real Sunlight  
 and some starlight thinking too!
C-6) Simply said, switching these off (pause)
 And switching this ON , de-stresses me.
C-7) It keeps me a Stress-Less, self- thinking, sentient human!
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Video Games are exciting  Video Games are exciting  
Science with actions and  Science with actions and  
adventures.		Science	defines	adventures.		Science	defines	
our real world and helps  our real world and helps  
make cyber worlds believable.  make cyber worlds believable.  

10)10)  Video GamesVideo Games
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Caution About
Video Games

0) Video Games are given positive credit  0) Video Games are given positive credit  
 for improving human motor skills   for improving human motor skills  
 and mental exercises.  and mental exercises. 

1) 1) There are also critics  There are also critics  
 who urge caution. who urge caution.

2) There is concern that too much time  2) There is concern that too much time  
 is spent playing video games that   is spent playing video games that  
  entertain at the expense of informing.  entertain at the expense of informing.

3) That cyber fun comes at the  3) That cyber fun comes at the  
  expense of real world responsibilities.  expense of real world responsibilities.

4) Balance between cyber  4) Balance between cyber  
 and real worlds is encouraged. and real worlds is encouraged.
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Video

Science of Video Games
-VOOK

Video Games -  VIDEO

Science underpins the games we play.

The link to this Video will be 
emailed to you as part of the 
Alford Science Info Product.
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Video Games - VIDEO Script
i-1) Welcome to the Science of Video Games
i-2) Video Games are adventures based on exciting art &  science.
i-3) Video Games are played by Billions of People worldwide.
i-4) They are also a Hundred Billion dollar Business
i-5) Let`s see more about them with Seven P`s
1-1) ONE Produce or make the Cyber world
1-2) Characters and objects are defined inside the computer.
1-3) some are still pictures
1-4) some are stand alone videos  This includes video make 
with people in Motion capture suits.
1-5) Much of the cyber world is defined by math & science in 3D Space.
1-6) Objects are actually tiny shapes called polygons.
1-7) Main characters have cyber bones, joints and muscles.
1-8) Things move based on science.
1-9) In the game world, Real world physics can be changed 
so the objects move with enhanced actions.
In game, players and objects are stronger for effects.
1-10) But cyber worlds have limits.
2-1) TWO - Process with computer hardware & logic code software.
2-2) Game world objects have to do more than just move.
2-3) They have to interact. That is, they move with meaning.
2-4) Computer science software defines what happens when 
objects  Hit , crash and shoot
2-5) The more complicated the game, the more hardware 
processing is needed.  Have to balance cyber complexity 
with process power and speed.
2-6) Special Cards called GPU`s process video images and 
send them real-time to the screen.
2-7) But There is a problem. Inside computers, the cyber 
game world is 3-D but the screen is only 2-D.
3-1) THREE - Pixels on screens
3-2) Pixels are light points that make the pictures we see.
3-3) 3-D objects inside the computer are changed to fit the 2-D screen.
3-4) That is, what we see on screen looks 3-D
3-4) but, it is a clever illusion.
3-5) when the screen is off, we see that it is a flat 2 Dimen-
sional sheet shape.
3-6) On screen is our interface with the cyber game world.
3-7) Next, comes choices.
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Video Games - VIDEO Script
4-1) FOUR -Pick Options
4-2) With the controller we select Choices to setup  
our unique gaming experience.
4-3) We choose which character we will be.
4-4) We choose supplies, tools and weapons
4-5) We customize our cyber world with options for where,  
when and what challenges.
4-6) Think about all the science behind all the choices we make.
4-7) Different designs, colors & objects each impact what comes next.
5-1) FIVE - Play
5-2) Ready Set Go
5-3) On screen, Actions are enabled by science
5-4) How we Jump and Run
5-5) How we Shoot and Hit
5-6) How things break and die
5-7) How we drive and fly
5-8) There is science behind the cyber worlds we explore.
5-9) What do we get for all our on-line efforts?
6-1) SIX - Points
6-2) When we succeed in video games, we score points
6-3) There are surprises and secret rewards too.
6-4) Science is the secret secret sauce how success is  
measured.  Science turns on-line interacts into points.
6-5) Think of the science inside virtual & augmented reality devices too.
6-6) All this gaming now leads to us.
7-1) SEVEN - People
7-2) Video Games entertain and educate
7-3) We play them because they are fun.
7-4) There is science behind how they make us feel. When we play, 
our brains release fight or flight and feel good chemicals.
7-5) Video games Help our cognitive skills.
Some on-line trainings use video game tech too.
7-6) There is Concern about game addiction  
with too much time spent on-line.
7-7) Amazingly, the internet connects us  
to Multi-player games and communities.
7-8) The best e-Sports Gamer athletes make lots of money playing games.
C-1) To close Video games are popular.
C-2) In cyber worlds, we escape and explore.
C-3) on-line games are art and actions.
C-4) With creative stories and characters, they colorfully fill up our senses.
C-5) In the future, How will humans adapt  
as ON-line games become life-like?
C-6) Today, video games are animated, exciting and emotional fun.
C-7) There is science behind the moving shapes, interactions & scores!



Conclusion

CONCLUSION

To close,  simply said, Science  
enables and explains items around  
us from Airplanes to Video Games.
Science also energizes elements,  
objects and us.
When we know Science, we better  
understand: Ourselves and Our world. 
In the past, Science helps humanity 
survive.  With metal tools, we hunt 
and	build	safe	homes,	heated	by	fires.
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Conclusion

Today, easy Science helps us  
comprehend our lives within  
our complex tech world.  Science 
also gives us the skills to adapt 
and thrive to the turbo-speed 
changes emerging as our  
mega-tech	filled	tomorrow.	
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Science ideas open our minds.  They Science ideas open our minds.  They 
explain how our everyday items work.  explain how our everyday items work.  
This book, personalizes Science by This book, personalizes Science by 
making it practical, fun and easy to  making it practical, fun and easy to  
understand.  With urgency and energy, understand.  With urgency and energy, 
we see the Science inside elements,  we see the Science inside elements,  
objects and ourselves! objects and ourselves! 
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