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Smartphone

- 7 Waves Summary

1) Sound

2) AC

4) Radio

5) Light

7) K-Waves

3) EM

6) Web

v

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

vi

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."

vii

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

1

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
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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 sound make the rice move.
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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.
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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 talks,
one listens at a time. 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.
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Ears
Ears hear when sounds
shakes the ear drum.
Other ear parts shake and
make electrical patterns.
Nerves send the e-pattern
signals to my brain.  
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Microphone
Microphones are like ears.
Voice sound is turned in
patterns of electricity.
What is electricity?
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Electricity
Electricity is energy that
flows. Lightning is electricity
that flows from sky to earth.

What is electricity made of?
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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.
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Address
Sound enters the landline phone.
The microphone changes it into
electricity patterns of our voice.
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Hand Switch
At first, people move connectors
to different wires to route
calls from senders to receivers.

Next, phone numbers help route calls.
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Phone Number
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.

On early landline phones, I dial a
phone number with my finger in
the small circle and turning clockwise.
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Auto-Route
Next, electric machines
move switches to send
the voice e-patterns
to the correct wires.
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Long Distance
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?
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V Tube

Inside, there is no air. Its a vacuum.
So, they are called Vacuum or V
Tubes. They work like this.
1) Strong electicity 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.

3)

schematic
3)

2)

2)
1)
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I
Weak
In

>

But, there are
new problems.

V Tube

>

1)

Strong
Out

Need to Improve
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.
1940
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Transistor
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.
3)

2)

transistor

1)

1)
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2)

3)

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

Receiver
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

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

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.

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?
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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.

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.
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Cell Phone
Cell phones can move around.
This is why they are called
mobile phones. Let’s look at the
secret science inside cell phones.
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FFT Rules
Sound waves enter the cell
phone. Special rules called
FFT, change the physical sound
waves into special patterns
of digital electricity.

FFT = Fast Fourier Transform
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Digital
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.
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Transistors
First, we need to understand the
science of chips. Remember, the
fingernail size transistor used to
amplify long distance landline phone
calls? Transistors are also switches.
They are used to control the flow of
digital e-patterns. People learned
to make very tiny transistors.

26

Chips

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

Close-up of a Chip.
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Cell phone power is next.

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

zinc
salt water
copper
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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.  

Carbon

special liquid

Lithium

Lithium Ion Battery
Now, we have power for our digital
voice signals. Next, we need more waves.
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WAVE 2)
AC Electricity Waves
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.
Magnet

Turning
Copper
Wire
Magnet

AC Electricity Wave
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Remember, when electricity
flows, there is a magnetic
perpendicular to it.
When AC flows, the electricity
and joined magnet change many
times a second. Keep reading
to see why this is important.
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AC Electricity Wave
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A cell phone works when
AC changes into the next wave.

WAVE 3) EM
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.

Frequenc
Different y is the number of w
EM Waves
a
have diffe ves second.
rent frequ
encies.
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DC to AC
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.

Next, AC changes into a type of EM.
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WAVE 4) - Radio
The AC signal goes to the cell
phone antenna. The antenna
changes the AC into special
EM Waves called Radio Waves.

Cell Phone Radio Waves frequency
is millions of waves per second.

34

Cell Tower
The cell phone Radio Waves go
to a cell phone tower antenna.

o

Radi
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Here, a computer pick the
best path to the receiver
phone. The phone signal is
routed via a network of other cell towers, landlines and
sometimes satellites.

What is the "cell" in a cell phone?
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Cells
A cell is a hexagon shaped area where cell
phones send signals to a certain tower.
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.
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Speed
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 the Cell
Towers. The signal route is directed
by computer chips. For long distance
calls, satellites are used too. EM
travels at the speed of light.

Scientist Albert Einstein & the Speed of Light.
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Receiver
The final cell tower sends out
Radio Wave signals to the cell
phone of the person I am calling.
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Cell Phone Summary
At the receiving cell phone, the
antenna changes EM Radio Waves
into digital e-patterns. Chips send
the e-patterns to the speaker. DC
moves an electromagent 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.
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Smartphone
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.
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Brain Cells
Today, Smartphones are
not as smart as humans. The
human brain has 50 to 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.
Brain cells, called neurons, use electricity.

But brain cells have a secret.

42

Connections
Each brain cell has thousands
of connections with other brain
cells. Today, brains think faster
than computers too.
Currently, neurons have more
connections than chip transistors.
But brain hardware is staying the
same as computer chips continue
to improve.

43

Our brain can think,
calculate and also remember.

Chips (CPU and Memory)
Smartphones 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.

So
(lo lid S
ng
t
ter ate
m Dri
me ve
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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, OS
is the set of instructions or
codes that tell the computer
how to work. For example, OS
organizes the raw data and
then acts like traffics lights do
to cars to control the data in
and out of chips. People have
automatic software that tell
us to breathe. OS is like this.
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Application Software (APP)
The other software is called
Application or APP.
Apps do things with Digital Data.

APPs do actions like:
take pictures; send
emails or surf the web.
But first, we need to learn about the fifth wave.
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WAVE 5) - Light
To Review, there are different EM
Waves. Light is a type of EM
Waves. Light has more waves per
second than Radio Waves. The
wave length is 500 to 700 billionths
of a meter called a nanometer.
That is, the same size as bacteria.
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The smart phone screen gives off light.

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).

light

50

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 smarphone
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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Touch Screen - Info In
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 or type text.

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

56

GUI
Graphical User Interface is how
humans communicate with the smartphone. 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".

57

Other GUI Icons

We use the touchscreen & GUIs when
we play video games on our smartphones.

58

Games and Sensors
Video games use sensors like
accelerometers and gyros.
Smartphone sensors help us
control video games. Sensors,
tell angles, position and turns.
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Sensors do more than just play.

More Sensors
Other sensors like 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.

60

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.
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Smartphones also play music and take pictures.

Smartphone music is made from digital
songs saved into solid state memory chips.
To play, select the music App on the touchscreen. 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-patterns.
Digital pictures are stored in memory
chips. Pictures are also shared with
other people to make memories.

Next, more Radio Waves.
63

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
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Blue Tooth connections

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 shared on the Internet.
HTML = HyperText Markup Language

Hypermedia

Notice how website addresses use HTTP.
Example: https://www.ALFORDeBooks.com
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HTTP = HyperText Transfer Protocol

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 computers together.
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Internet of Things
The Internet connects more than
just people. It also connects things
to communciate 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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IoT

My Internet of Things!
We use the Internet with the next wave.
70

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. The web is all the linked
texts, documents, pictures, videos etc.

Wave 6 is
Surfing Waves of
internet data to
answer our questions.

71

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.

Information
data

Raw 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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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 for Rare Earth Elements for Smartphones.

More than just learning information is needed.
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WAVE 7) - K 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 Knowledge or K- Wave.
It is a multimedia multiverse 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 dont. There is equal
access for all. May we use the K 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.

The K-Wave is about applying Knowledge worldwide.
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K-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
working together to cure world poverty in
hearts, minds and pockets? The potential
of the K-Wave Connections is to be the great
opportunity equalizer and fair spreader of
global wealth. The risk is that electronics
including smartphones de-evolve into being
only toys, electronic opiods used only for
over entertainment! Smartphones are the
gate keeper to this multiverse of knowledge.

K-Wave positively applies knowledge!
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People of Science

Ben Franklin and son experiment
with lightning as electricity.

Smartphones are built on the shoulders
of centuries of scientists hardwork.
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.
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Smartphones don`t grow on trees,
people are needed to make smartphones.

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.

78

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.

Share

Knowledge
Information
data

Raw Data
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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 K-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 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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Monkey Star - Practice Before Play
Nature’s Links of Life
Ogs, Zogs & Useful Cogs – A Tale of Teamwork
Panda Reads!
Queen Jeen - And The Thrown Throne
Robin’s First Flight – Wings of Courage
Sand Sea – Full of Desert Life
Senses – From Sights to Smells
Shoe Walks – With Funky Fairy
Smartphones - Objects Before Apps
Space Maps: Trek to Mars
Stars of Days & Months – The Story of 7 & 12
Sun’s Above the Clouds – A Sunny Point of View
Thai Culture On Coins
Too Much Tech - Undo, Over-Entertained
Tree Trips - Wide Wonderful World
Turtle Jumps - A Tale of Determination
Where Cookies Come-From - From Dough to Delicious
Who Did What in World History? Past Echoes in the Present
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Why is California Interesting? – Dreams of Gold
Why is Thailand Interesting? – Source of the Smiles
Yo Frog – The Surprising Songs
Zogs and Cogs – A Tale of Teamwork (Int’l Version)
Zogs II – More Teamwork

Science

-Alford Book Combo

7 Eye Opening Ideas

Everyday Objects
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1 in 3 people on earth have smartphones. Its
the most wanted and richest product ever made
by people. 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 a 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

4) Radio

5) Light

7) K-Waves

Alford

Books

3) EM

6) Web

