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

Look Complicated
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Computers are part of the patterns  
of	our	daily	lives.		Let’s	look	at	the	 
energy patterns of how computers work. 
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When I understand computers and how I 
apply them in my daily life, I prepare to 
adapt to techno-chip controlled future!
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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
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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
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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
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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
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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. 
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close-up of a computer screen
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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
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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.
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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
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Computers have three parts called 
IPO: Input, Process and Output.

IPO
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INPUT

OUTPUT

INPUT

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



21

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
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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



27

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
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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



34Computers

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.	  
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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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