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Energy

ÅñIt is important to realize that in physics today, we have 

no knowledge what energy is.ò ïRichard Feynman, 

Nobel Lauriat physicist

ÅEnergy is the ñstuffò that gets work done

ïUnits of Joules, or foot pound, or calorie, or BTU, or kilowatt 

hour, or horsepower, etc. 

ÅñFor those who want some proof that physicists are 

human, the proof is in the idiocy of all the different units 

which they use for measuring energy.ò Richard 

Feynman



Energy and Power

ÅEnergy ïcapacity to do work

ÅPotential Energy
ÁStored energy of position

ÅKinetic Energy
ÁEnergy of motion

ÅInternal Energy

ÅE = mc2

ÅStandard unit of energy = Joule



Work and Power

ÅWork = force x distance

ÅNo force, no motion, no work

ÅPower
Á Time rate at which energy is transferred

Á Time rate at which work is done

ÅPower = Work/time
ïUnits: Joules/second (also called a Watt)

ïKilowatt = 1000 watts

ï1 horsepower = 745.7 watts



Signal and Information

ÅInformation
ïiPod / music

ïDigital cameras

ïRadio/Television

ïInternet/Computers

ïCellular telephone

ïSatellites

ïEmbedded systems

ïFiber optics, lasers

ÅSignal
ïAny electrical quantity 

such as voltage, 

current, or frequency 

that can be used to 

transmit information.

ÅInformation
ïStored or transmitted 

data

ïData must be 

interpreted to extract 

meaning



Periodic Signals 

Periodic Signals

ÅEncoded data

ÅTransmission of 

information

s(n + Ű) = s(t)

s(t) = A(t)*cos(ɤ(t) + ű(t)



Electricity Basics

ÅCharge
ïThe smallest unit of (free) charge is that of an electron

ïFlowing electrons (charge) is ñcurrentò

ïAccumulated charge produces ñvoltageò



Electric Current

ÅBy definition: 

ïcurrent is the flow of positive charge

ïimplies that electrons flow in opposite 

direction of current in a conductor.

Electron Flow

Current



Metallic Bonds

ÅMetallic bond

ïValence (outer) 

electrons form ñcloudò 

or ñseaò of electrons

ïElectrons are free to 

flow

ïCauses metals to be 

good conductors



Covalent and Ionic Bonds

ÅCovalent bond

ïValence electrons are 

shared

ïBUT have to break 

bond in order for 

electrons to flow

ÅIonic bond

ïValence electrons are 

transferred

ïCharge must be 

transferred by 

movement of entire ion



Electrical Conductors

ÅBonding free 

electrons.

ÅElectrons free 

to move in 

metal lattice.

ÅElectron 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


Electrical Insulators

Åcovalent bond

ïElectrons are shared

ïOuter (valence) 

electrons tightly 

bound.

ïVery few electrons are 

free to flow.

ïCauses materials to 

be good insulators

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


Electrical Semiconductors

Åcovalent bond

ïElectrons are shared

ïOuter (valence) electrons 

tightly bound.

ïVery few electrons are 

free to flow.

ïImpurities contribute 

electrons

ïPoor to good conductor 

depending on impurities

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


Electrical Semiconductors

ÅCurrent flow in 

semiconductors depends 

on valence of impurity.

ÅCan create either a free 

electron (donor) or the 

absence of an electron 

(acceptor).

ÅCurrent 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

ÅElectrons collide with 

atoms and defects.

ÅCollisions impedes the 

flow of current.

ÅThe ñamountò that the 

current in impeded is 

defined as ñresistanceò.



A  B  C  D  E

Electric Current

ÅHole Ą concept used to explain current 

flow

ïHole = absence of an electron

ïAn electron (-) removed from a neutral atom 

leaves behind a ñholeò (+)



Electric Current

Å1 ñCoulombò of charge is 

one ñbucketò of electrons

Å1 ñbucketò contains Ą

6.241 * 1018 electrons

ÅIf 1 Coulomb flows through 

a conductor in 1 second, 

we say the current is 1 

ampere or 1 ñampò


