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2.1 What is a Computer?



The most basic definition 
is “A thing that adds and 
subtracts.”   
From addition comes 
multiplication.   
From subtraction comes 
division. 
And everything else 
follows.
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Memory stores data 
and instructions 
(software)

The CPU executes 
instructions, one at 
a time

I/O moves raw data 
and instructions in 
and finished info out

The logic is a set of 
fixed instructions 
on how to operate

Inside a Digital Computer



Computers can be 
complex or simple but 
anything that can 
process data is a 
computer.

Digital Computers



Mainframes - Huge 
computers 
Desktops/PCs - Much 
smaller 
Tablets - Smaller still 
Laptops - Quite small 
Smart Phones - Real small 
Smart Watches - Tiny



Supercomputers - 
Really fast 
iPods, heart 
pacemakers, or smart 
refrigerators - Very 
specialized 
Hand calculators - Not 
very smart but still 
computers



2.2 How Does a Computer Operate?



A computer adds and 
subtracts digital 
strings of 1s and 0s. 
Software tells it when 
to add or subtract and 
what to do with the 
answer.
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How A Computer Operates
Application 

Software Operating 
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Instructions Become More Complex



The sets of software 
break down complex 
human instructions 
into 1000s of simple 
machine steps.



Boolean Logic is 
used to design the 
CPU logic and test 
its functioning.  It 
allows any digital 
system to be 
described and 
analyzed.



Most computers run 
one step at a time, 
using a central clock 
that calls cadence and 
keeps all functions in 
step.  Speed up the 
clock and the computer 
runs faster (and hotter)



2.3 Types of Data Storage and Memory



Computers need 
memory to function.  
They must remember 
the software and the 
data it acts on. 

No memory, no IS



Random Access Memory (RAM) - Data can be 
stored and erased freely from any part of the 
memory 

Read Only Memory (ROM) - Data can be 
accessed from any part of the memory but 
cannot be changed or erased 

Sequential Memory - Data can only accessed in 
the order it was put in



RAM and ROM can be 
built into microchips 
for the CPU to use. 

They can also be built 
into disk drives if 
more space is needed



When a RAM chip 
inside a computer 
loses electrical power, 
it loses the data it is 
storing.  Disks and 
ROM chips do not.



Data storage 
technologies are 
compared based on 
speed of access, 
reliability/accuracy, 
and cost per byte of 
storage



Common Storage Types

The most common 
means of RAM storage 
is the magnetic hard 
drive 
• The difference 

between a desktop 
drive and a Flash drive 
is only physical size.



Server farms are huge 
arrays of large disk 
drives that store data 
for multiple users in 
networks





DVDs and other disks 
are not magnetic but 
they use the same 
disk approach 
because it allows for 
random access.  the 
reader can skip to any 
part of the disk as it 
spins



2.4 More About Memory and Storage



The more RAM you 
give a CPU, the faster 
it can run. 

It uses RAM as a 
scratch pad. If it 
doesn’t have enough 
RAM, it has to send 
data to the slower 
hard disk.



Most networks 
allow many users 
(computers) to 
share a large 
memory cache.   

This increases data 
integrity and lowers 
storage costs





Different storage 
devices need different 
driver software to 
operate.  This tells the 
CPU how to navigate 
the memory





When data is 
extremely valuable, 
it can be stored in 
multiple places.  

More data 
redundancy, but at 
a higher cost



The speed of access 
for a storage unit 
depends on the speed 
of the device itself, 
but also n the CPU 
architecture 
64 bit vs 32 bit



2.5 Telecommunications -  
How We Move Data



In the beginning, all telecommunications 
was voice…



All Long-Distance 
Computer 
Communications Went 
Over the Phone Lines





A device called a 
Modem is needed to 
convert digital pulses 
from a computer into 
a signal that can 
travel over phone 
lines



Modem - Modulation/Demodulation - Coverts 
data into different forms for different 
transmissions.

Cable  
Modem

Internet  
Modem

Computer  TV Cable

Internet



Data moves 
between computers 
in one place by 
wires

Ethernet



Common Telecomm 
Types

Coaxial cable (Coax) - 
Sends data as a radio 
signal through a 
special cable.  
Broadband capacity





Fiber Optics - Sends 
data as a pulse of light 
over cable made from 
ultra-pure glass.  Much 
higher bandwidth than 
coaxial cable.



Ethernet sends 
data as actual 
computer pulses - 
no modem 
required.   
Relatively fast but 
short range



Satellites send data as 
high frequency radio 
waves.  Fast and very 
long range but 
expensive and has time 
delays.



EDI is an early-stage protocol for exchanging 
data between computer systems. 

• Contains the same data as paper 
documents but can be transmitted much 
faster. 

• Designed only for transmission of data - 
does not support voice or other 
infrastructure.

Electronic Data Interchange



2.6 Telecommunications -  
Bandwidth



All electronic signals 
travel at the same 
speed - 186,000 
miles per second. 
No one can go faster 
than that in this 
universe.



If you don’t like 
this, take it up with 
him…



The reason some 
communications 
channels seem faster 
is that they have more 
bandwidth. 
They move more data 
in the same period of 
time, but they don’t 
move it faster.



Telephone Modem 
dial up - 56 Kilobits/
second 
ADSL Line - 4 
Megabits/second 
Ethernet - 10 
Megabits/second

Common Telecomm 
Speeds



WiFi 802.11b - 11 
Megabits/second 

WiFi 802.11g - 54 
Megabits/second 

WiFi 802.11n - 600 
Megabits/second



Fast Ethernet - 100 
Megabits/second 

100 Gigabit Ethernet 
(fiber) - 100 Gigabits/
second



Coaxial cable - Up to 
about 47 - 50 Megabits/
second.  Newer 
versions can go to 150 
megabits/second or 
more



Fiber Optics - 10 
Gigabits/second on a 
single strand.  More 
strands can be used to 
get more bandwidth



Actual choices 
between different 
communications 
technologies 
depend on cost 
and reliability as 
well as speed.



Streaming - The 
Biggest Bandwidth Hog

Streaming is the 
process of downloading 
live video, audio, or 
other data so that you 
can access the data 
before the entire file has 
downloaded



• 500 Kbps – lowest 
required speed for 
streaming 

• 1.5 Mbps – 
recommended 
speed for quality 
viewing

Streaming Speeds for 
Video Streams



• 3 Mbps – Standard 
Definition video 

• 5-8 Mbps – 720p and 
1080p High 
Definition 

• 25 Mbps – 4K Ultra 
High Definition



2.7 Wireless Technologies



Virtually all wireless 
technologies are radio 
waves, but the work 
differently, with 
different ranges and 
bandwidths/speeds



Bluetooth 

Short Range high 
speed wireless 
connection between 
devices



WiFi 802.11 

Medium Range high 
speed wireless 
connection between 
devices and users



Cellular 

Long Range high 
speed wireless 
connection between 
devices and users



Common Telecomm Speeds



Bluetooth

WiFi

Cellular



Wireless technologies 
have eroded wired 
options, even in 
buildings that have 
easy wire access.  



2.8 Input/Output Devices



Input Devices are 
things that get data 
into a computer. 
Output devices get 
data out of the 
computer for people 
to use.





Output Devices 
• Displays 
• Speakers 
• Printers 
• Headphones 
• Plotters 
• VR Headsets



Input Devices 
• Keyboards 
• Touchscreens 
• Microphones 
• Web cameras 
• Game controllers 
• Mouse controllers



Common Output 
Devices

Many printers have 
significant 
computing power 
of their own.



Input/Output devices 
convert between 
human 
communications and 
computer 
communications 



2.9 Networks and Connected 
Computers



One computer is a toy 
or a useful tool.  Hook 
a few up together, 
however, and you 
have a network.



Networks Connect People, Computers, 
Peripherals, Databases, and Other Networks



A network allows 
multiple users to 
share access to 
peripherals, data, 
Internet connections, 
or software



Wide Area Networks 
(WAN) 
• Connect users 

across a very wide 
area - national/
global



Local Area Networks 
(LAN) 
• Connect users in a 

local area.  A single 
company or office



Virtual Private Network 
(VPN)

A network built inside 
the existing Internet 
cloud





• Built by establishing 
secure/encrypted 
point to point 
connections within 
an existing PUBLIC 
network (The 
Internet)



• Allows secure 
communications 
over insecure public 
network 
connections 

• Only way to send 
confidential data 
over an open public 
network



Intranet - A network 
that is contained within 
a single enterprise 
Extranet - A network 
centered on a single 
enterprise but which 
has some allowance 
for public/outsider 
participation



The Internet is nothing 
more than a gigantic 
public network.  The 
ultimate WAN and the 
backbone of most 
WANs/VPNs



2.10 Servers and Routers



Servers and routers 
are two specialized 
pieces of information 
technology 
equipment that make 
most networks 
possible.



A router is a traffic 
control device, that 
routes messages 
and connections 
between different 
devices or 
addresses in a 
network

Wireless Router



A server is a special 
kind of computer 
that manages other 
computers’ access 
and actions in a 
network

Server Farm for a Large 
Network



Server

Router



Routers 

Can switch users 
between different 
communications 
channels or across 
the Internet



• May control access to 
printers, storage 
devices, or other 
peripherals on a 
network 

• May host specific 
pieces of software and 
provide them to user 
computers on request

What Do Servers Do?



• May track and 
manage access to 
network 
communications, 
including email, 
Internet, or VPN



• A server accepts 
commands from its 
clients - other 
computers on the 
network. It can act 
as a traffic cop, 
security guard, 
corporate memory, 
or switchboard 
operator



• Servers are used in 
all but the simplest 
networks



When you type a 
website URL into 
your browser, it tells 
a set of Internet 
routers to connect 
you to that specific 
website.



2.11 Network Architectures



Depending on the 
complexity of a 
network, it can be 
organized in different 
ways, called 
“Architectures”



A ring network is 
extremely simple.  
The user computers 
are connected into a 
ring and take turns 
exchanging 
information.  They 
need special 
software but no 
servers or routers



A Star network is 
more complex, 
with all the users 
connected 
together.  It needs 
a router but no 
server



More complex 
networks need 
servers and at 
least one router 
to function.  
Something has to 
manage the 
process of 
sharing data and 
access



- Wide Area Network (WAN) - A “network of 
networks”.  Good for connecting the network 
in a corporate HQ to the network of a sales 
office elsewhere in the state. 

- Local Area Network (LAN)- Connects the 
computers of users in the same organization/
same building or campus.

Larger Network Architectures



- A Virtual Private Network (VPN) acts like a LAN 
and can send confidential data over public 
network safely.  It is cheaper and more 
convenient than a WAN/LAN combination, but 
not any faster.

VPNs - The Network That Isn’t “Real”



Always design your 
network to be a 
simple as possible, 
but consider all the 
needs of the users, 
including growth for 
the future. 



2.12 Mobile Technologies



Your smart phone is 
just a small 
computer 
connected to a cell 
phone



Mobile technologies 
are generally 
software (apps) that 
are designed to 
support operations 
on a smart phone 
rather than a 
standard computer



Smart phones have 
their own operating 
systems but most are 
designed to work 
seamlessly with non-
mobile computer 
operating systems



While most smart 
phones can use 
WiFi wireless 
connections, the 
real power comes 
in moving data 
over a cell network



Bluetooth

WiFi

Cellular



Mobile applications 
are usually limited by 
available cell/WiFi 
bandwidth and the 
cost of cellular 
connections.  The 
power of the phone 
itself often exceeds 
the requirements.



2.13 Satellites and Microwaves



Satellites are the tool 
that allows us to 
connect networks 
globally and to reach 
users anywhere on 
Earth



Satellites circle the 
Earth at different 
heights, depending on 
their role.





A satellite that 
orbits the earth at 
23,000 miles above 
the equator takes 
24 hours to orbit 
and appears to 
stay in the same 
place in the sky.

23,000 miles

Geosynchronous Orbit



Geosynchronous Orbit 
- Communications 
satellites. They always 
face the same area of 
the Earth and Earth-
based antennas 
always point in the 
same direction.



• Dish TV services 
• WAN connections 

across very great 
distances 

• Internet/Voice 
connections from 
moving vehicles



The great distance 
between the Earth 
and geosynchronous 
orbit means there is 
always a time delay 
in communicating - 
Speed of Light



• 24 Satellites 
• Orbit at 12,500 

miles 
• Circles the 

Earth in about 
12 hours

GPS Satellites

12,500 miles



Microwaves are 
medium-frequency 
radio signals.  They 
are good in a straight 
line and can pass 
through most weather.  
Popular to connect 
LANs across cities or 
difficult terrain



2.14 RFID and GPS



RFID stands for Radio 
Frequency 
Identification.  It 
allows a computer to 
read a smart RIFD tag 
from a short distance



RFID tags do not 
need a power 
supply.  They 
receive power from 
the interrogator by 
radio wave



RFID tags are used 
in inventory 
management, credit 
card scans, toll 
booths, animal 
tracking, and 
identification for 
passports, etc



RFID tags cannot store 
data. They just repeat 
the number built into 
the RFID chip. 

Only useful across 
short distances





RFID interrogator sends 
powerful radio pulse to 
chip

RFID chip “echos” the pulse sending out a 
stream of radio waves that identify the chip

RFID  
interrogator 



RFID Technology is 
replacing older bar 
codes in some 
applications

RFID tags, like bar 
codes, are part of 
Input/Output 
devices for Info 
systems



• 24 Satellites 
• Orbit at 12,500 

miles 
• Circles the 

Earth in about 
12 hours

GPS Satellites

12,500 miles



The GPS receiver is 
passive.  It receives 
signals from each 
satellite and uses them 
to determine the 
receiver’s location on 
Earth, based on the 
distance from each 
satellite.





GPS tracking is 
usually only 
useful when 
matched with a 
Geographic 
Information 
System - a 
database of maps


