Electrical Engineering
Topic 1: Energy, Power,
Information, Current, Voltage
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Aflt is important to realize
no knowledge what energy i si.Richard Feynman,
Nobel Lauriat physicist

AEnergy is the fistuffo that

I Units of Joules, or foot pound, or calorie, or BTU, or kilowatt
hour, or horsepower, etc.

AAFor those who want some pr
human, the proof is in the idiocy of all the different units
which they use fomRichm@asurin
Feynman



Energy and Power
I

A Energy i capacity to do work

A Potential Energy

AStored energy of position

A Kinetic Energy

A Energy of motion

A Internal Energy

A E = mc?

A Standard unit of energy = Joule



. Work and Power
M .

A Work = force x distance
A No force, no motion, no work

A Power

A Time rate at which energy is transferred
A Time rate at which work is done

A Power = Work/time

I Units: Joules/second (also called a Watt)
I Kilowatt = 1000 watts
I 1 horsepower = 745.7 watts



ﬁ; . Signal and Information
o

A Signal

i Any electrical quantity A Information
such as voltage,

current, or frequency
that can be used to
transmit information.

I 1Pod / music

i Digital cameras

I Radio/Television
I Internet/Computers
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A Information |
} . Cellular telephone
I Stored or transmitted . .
Satellites

data

I Data must be
Interpreted to extract
meaning

Embedded systems
Fiber optics, lasers
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Periodic Signals
AEncoded data
Arransmission of

S(n + O = S(t)

s(t) = A(t)=cos(¥ (t) + U(t)

&“ Periodic Signals
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Electricity Basics

A Charge

I The smallest unit of (free) charge is that of an electron
I FIl owing electrons (charge) I
I Accumul ated charge produces
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% Electric Current

Eiecion Flow &
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A By definition:
I current is the flow of positive charge

I Implies that electrons flow in opposite
direction of current in a conductor.
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“ Metallic Bonds

A Metallic bond

I Valence (outer)
el ectrons fo
or Nseao of

I Electrons are free to
flow

I Causes metals to be
good conductors
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A Covalent bond

I Valence electrons are
shared

I BUT have to break
bond in order for
electrons to flow

A lonic bond

I Valence electrons are
transferred

I Charge must be
transferred by
movement of entire ion

Covalent and lonic Bonds

*shared electrons
from carbon atom

+shared electrons
from hydrogen

atoms
Na (metal) O Cl (nonmetal)
unstable unstable
electron
Na (cation) — ¢— Cl (anion)
stable Coulombic stable
Attraction



. Electrical Conductors
(O

A Bonding free
electrons.

A Electrons free
to move In
metal lattice.

A Electron net
drift generates
current.



http://theodoregray.com/PeriodicTableDisplay/Samples/072.1/index.s14.html
http://z.about.com/d/chemistry/1/0/J/6/aluminum.jpg

A covalent bond
I Electrons are shared

I Outer (valence)
electrons tightly
bound.

I Very few electrons are
free to flow.

I Causes materials to
be good insulators



http://z.about.com/d/chemistry/1/0/_/R/calcite.jpg

A covalent bond
I Electrons are shared

I Outer (valence) electrons
tightly bound.

I Very few electrons are
free to flow.

I Impurities contribute
electrons

I Poor to good conductor
depending on impurities



http://www.periodictable.com/Items/032.10/index.html
http://www.periodictable.com/Items/014.12/index.html

A Current flow in
semiconductors depends
on valence of impurity.

A Can create either a free
electron (donor) or the
absence of an electron
(acceptor).

A Current flow either by
motion of electrons or
holes.



http://www.periodictable.com/Items/033.7/index.html
http://www.periodictable.com/Items/005.6/index.html

Electrical Resistance

A Electrons collide with
atoms and defects.

A Collisions impedes the
flow of current.

AThe Aamount o
current in impeded is
defl ned as n




n. Electric Current
.l

A Hole A concept used to explain current
flow

I Hole = absence of an electron

I An electron (-) removed from a neutral atom
| eaves behind a nhol eo
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ANCoul ombo
one fNbucket o
NbucketAd c
6.241 * 1018 electrons

A If 1 Coulomb flows through
a conductor in 1 second,
we say the currentis 1
ampere or 1

ﬂ | Electric Current

of charge 1
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