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What is Electricity? 

Electricity is all around us--powering technology like our cell phones, computers, lights, soldering 

irons, and air conditioners 

  

Electricity  is a natural  phenomenon  that  occurs  throughout nature and takes  many  different  forms  .

Our goal is to  understand how  electricity flows from a power source through wires ,lighting  up LEDs  ,

spinning motors  ,and powering our communication  devices . 

Electricity is  briefly  defined as the  flow of electric  charge  .Where  do  the charges  come  from? How 

do we move them? Where do they move? How does  an electric charge cause mechanical motion or  

make things light up ? 

To  understand  the  fundamentals  of  electricity, we need to begin by focusing in  on  atoms  ,one  of  the 

basics  of  life  and  matter. Atoms  of  many types can combine  to  make  molecules  ,which  build  the  

matter we can  physically see and  touch . 

Building Blocks of Atoms 

An atom is built with a  combination of three  distinct particles :electrons ,protons ,and  neutrons  .Each  

atom has a center nucleus, where the  protons and neutrons are  densely packed together  .

Surrounding  the nucleus are a group of orbiting electrons  
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A  very simple atom model. It's  not  to scale  but helpful  for understanding  how an  atom  is built. A core 

nucleus of  protons and neutrons is surrounded by orbiting  electrons . 

Every  atom must have at least  one proton  in  it. The number of protons in an  atom  is  important  ,

because  it  defines  what  chemical  element  the  atom  represents   .For  example, an  atom  with  just one 

proton  is  hydrogen, an atom with   29  protons  is  copper  ,and  an  atom  with   94  protons  is  plutonium  .

This count of protons is called the  atom's atomic number . 

As  in  the  Bohr  atom  model  below  ,a  nucleus  with  29  )protons(  making  it  a  copper  atom  is  

surrounded  by an equal number of  electrons . 

  

The  atom's  electrons  are not  all  forever  bound  to  the  atom  .The  electrons  on  the  outer  orbit of the 

atom are called valence electrons. With enough outside  force  ,a  valence  electron  can  escape  orbit  

of  the  atom  and  become  free  .Free  electrons  allow us  to  move  charge  ,which  is  what  electricity  is  

all about . 

Flowing Charges 

Charge  is  a  property  of  matter--just  like  mass  ,volume  ,or  density  .It  is  measurable  .You  can 

measure how much charge it  has. The key concept with  charge  is  that  it  can come  in  two  types  :

positive   )+( or negative  (-).  

 

http://en.wikipedia.org/wiki/Bohr_model
http://en.wikipedia.org/wiki/Bohr_model
http://en.wikipedia.org/wiki/Bohr_model
http://en.wikipedia.org/wiki/Bohr_model
http://en.wikipedia.org/wiki/Bohr_model
http://en.wikipedia.org/wiki/Bohr_model
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In  order  to  move  charge  we  need  charge  carriers  ,and  that is  where  our  knowledge  of  atomic  

particles--specifically  electrons  and  protons--comes  in  handy   .Electrons  always  carry  a  negative  

charge  ,while  protons  are  always  positively  charged  .Neutrons are neutral and  have  no charge. Both 

electrons and protons  carry the same amount of charge ,just a different type . 

  

A lithium atom (3 protons model)  with the charges labeled . 

 The charge  of  electrons and  protons is important  ,because it provides us  the means to exert a force  

on them . 

 Electrostatic Force 

Electrostatic force (also called  Coulomb's  law  )is  a  force  that operates  between  charges  .It  states  

that  charges of the  same  type repel each  other  ,while  charges  of  opposite  types  are  attracted  

together  .Opposites attract ,and likes repel. 

  

     The  amount  of  force acting on two charges depends on  how  far they are from  each  other. The 

closer two charges get, the greater the force   ( either pushing together ,or pulling away  )becomes. 

Making Charges Flow 

We now have all  the tools to make charges flow  .Electrons  in  atoms  can  act as  our  charge  carrier ,

because  every electron carries  a  negative charge .If we can free an  electron from  an atom  and force  

it to move ,we can create  electricity . 

Electrons orbit at varying  distances from  the  nucleus of the atom. Electrons  closer  to  the nucleus 

feel a much stronger attraction to the center than those in distant  orbits. 

     The  outermost electrons of an atom are called the  conduction  electrons  ;these  require  the  least  

amount of  force  to  be freed from  an  atom . 

https://en.wikipedia.org/wiki/Coulomb's_law
https://en.wikipedia.org/wiki/Coulomb's_law
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 Using  enough electrostatic force  on  the valence electron--either pushing it with  another  negative 

charge  or  attracting it with a positive  charge--we  can  eject  the  electron  from  orbit  around  the  atom  

creating  a free electron. 

     Now  consider  a  copper  wire  :matter  filled  with  countless  copper  atoms  .As  our  free  electron  is  

floating in a space between  atoms ,it  has  pulled and  prodded by surrounding charges in that space  . 

     The  free electron eventually finds a  new atom  to  latch on to; in doing so, the negative charge of  

that  electron  ejects another  valence  electron  from  the  atom  .Now  a  new  electron  is  drifting  through  

free  space  looking  to  do  the  same  thing  .This  chain  effect  can  continue  and  on  to  create  a  flow  of  

electrons called  electric current. 

  

A very simplified model of charges flowing through atoms to make current . 

 

Conductivity 

Some  elemental  types  of  atoms  are  better  than  others  at  releasing  their  electrons   .To  get  the  best  

possible  electron  flow  we  want  to  use  atoms  ,which  don't  hold  very  tightly  to their valence electrons. 

An element's conductivity measures  how tightly bound  an electron is to an atom . 

Elements  with  high  conductivity  have  very  mobile  electrons  ,are  called  conductors  .These  are the  

types  of materials we want to use to make wires  and  other components, which  aid  in electron flow  .

Metals like copper, silver, and  gold are  usually our top choices for good conductors . 

Elements  with  low  conductivity  are  called  insulators  .Insulators  serve  a  very  important  purpose: 

they prevent the flow of electrons. Popular insulators include  glass ,rubber ,plastic ,and air . 

Static or Current Electricity 

Before  we get much further, let us  discuss  the  two forms electricity can take   :static  or  current  .In  

working  with  electronics  ,current  electricity  will  be  much  more  common  ,but  static electricity  is  

important  to understand as well . 

Static Electricity 

Static  electricity exists when  there  is  a build-up of  opposite  charges  on  objects  separated  by an 

insulator. Static (as in    " at rest  )"electricity exists  until the two  groups  of opposite charges can find a 

path between each other to balance the  system out . 
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Static  discharges  can  be  harmful  depending  on  what  medium  the  charges  travel  through  and to what  

surfaces  the  charges are transferring. Charges equalizing  through  an  air  gap can result in a visible  

shock  as the traveling electrons collide  with  electrons in  the  air, which  become  excited and release 

energy in the form of light . 

  

Spark  gap  igniters  are  used  to  create  a  controlled  static  discharge  .Opposite  charges  build  up  on  

each  of the conductors until their attraction is  so great charges can flow through the air . 

     Static  electricity also familiarly exists when we rub balloons on  our  head  to  make  our hair stand  

up  .In  each case, friction from rubbing different types  of  materials  transfers  electrons  .The  object  

losing  electrons  becomes  positively  charged  ,while  the  object  gaining  electrons  becomes  negatively  

charged . 

Current Electricity 

This  form of  electricity exists when charges are able to  constantly  flow  .As  opposed  to static 

electricity where charges gather and remain at rest, current  electricity  is  dynamic ;  charges are  

always on the move . 

Circuits 

    If  you have a  wire  full of copper atoms and want to induce a flow of electrons  through  it  ,all  free  

electrons  need  somewhere  to  flow  in  the  same  general  direction  .Copper  is  a  great  conductor  ,

perfect  for making charges flow . 

If  a circuit of copper wire is broken, the charges cannot flow through the air  ,which  will  also  prevent  

any of the charges  toward the middle  from going anywhere . 

   On  the  other  hand  ,if  the  wire  were  connected  end-to-end  ,the  electrons  all  have  a  neighboring 

atom and can  all flow in the same  general direction . 

 

https://www.sparkfun.com/products/11218
https://www.sparkfun.com/products/11218
https://www.sparkfun.com/products/11218
https://www.sparkfun.com/products/11218
https://www.sparkfun.com/products/11218
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Electric Fields 

 Fields can't be seen as they  don't have  a physical appearance  ,but the  effect they have is very real . 

    We are  all  subconsciously familiar with  one  field in particular  :Earth's  gravitational   field  ,the effect 

of a massive body  attracting  other bodies . 

    Earth's  gravitational field can be modeled with a  set  of  vectors  all  pointing into  the  center  of  the  

planet ;regardless  of where you are on the surface ,you'll feel the  force pushing you towards it . 

  

     The  strength or intensity of fields is not uniform at  all  points  in the field. The  further  you are from 

the source of the field the less effect the field  has  .The  magnitude  of  Earth's  gravitational  field  

decreases, as you get  further  away from the center  of the planet . 

Electric Fields 

Electric  fields (e-fields) are an important tool in  understanding  how  electricity  begins  and continues 

to flow. Electric fields  describe  the pulling  or  pushing  force  in  a  space  between  charges  .

Compared  to  Earth's  gravitational  field  ,electric  fields  have  one  major  difference: while Earth's field 

generally only attracts other  objects  of  mass  ,electric  fields  push charges  away  just  as  often  as  they  

attract  them . 

The  direction of electric fields is always defined as the  direction a positive test  charge  would 

move  if  it  were dropped in the field. The test charge has to  be  infinitely  small  ,to  keep  its  charge  

from influencing the field. 

    If  you  dropped  a positive test charge  near  a negative charge, the test charge would  be attracted  

towards  the  negative  charge  .Therefore  ,for  a single, negative  charge  we draw our electric field 

arrows  pointing  inward  at  all  directions  .That  same  test  charge  dropped  near  another  positive  

charge  would  result  in  an  outward  repulsion  ,which  means  we  draw  arrows  going  out  of  the 

positive charge . 

 

 

 

http://en.wikipedia.org/wiki/Earth's_gravity
http://en.wikipedia.org/wiki/Earth's_gravity
http://en.wikipedia.org/wiki/Earth's_gravity
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The  electric fields of single charges. A negative charge  has  an inward electric field  because  it 

attracts positive charges  .The  positive charge  has  an  outward  electric  field  ,pushing  away  like  

charges . 

 

Voltage 

     Voltage (denoted  V  ,)sometimes referred to as    " electrical potential difference  "or    " electro-motive 

force  "is the difference in the  electrical  potential energy  per  unit  of  charge between two positions in 

space. It tells us the amount of energy that is  required  to separate two charged materials  some  

distance. To give an example  ,if  it requires 9 Joules   ( J  )of energy to separate 3 Coulombs (C) of 

electrical charge  ,the  resulting electrical potential difference (which is to  say  voltage) would be 3  

Volts (V). Accordingly  ,the  equation for voltage is : 

V   = W/Q 

Where 

V :Voltage 

W :Energy  ( or  Work ) 

Q :Charge 

     Voltage  is also the amount of electrical potential energy  per  unit  of  charge   contained  by the 

charges once they have  been  separated  .Therefore, if 3 C  of   charge travels across the 3 V of 

electrical  potential difference, that represents 9 J   of  electrical  kinetic  energy available  to do  work  on  

some other system. 

This  decrease in voltage as charge moves from a position of higher  electrical    potential energy  to  a 

position of lower electrical potential energy is referred to as  a " voltage drop ". 

Current 

Current   ( denoted  I  )is the rate at which charge is flowing. It is  defined  as  the  amount of charge that  

passes  a point in a  second  .For  example, if three Coulombs  of  charge pass a single point in a wire  

over the course of  2 seconds, there exists a current of  1.5 Amperes   ( A )in the system . 

 

https://cebrightfutures.org/learn/fundamentals-energy
https://cebrightfutures.org/learn/fundamentals-energy/learn/fundamentals-energy
https://cebrightfutures.org/learn/fundamentals-energy/learn/fundamentals-energy
https://cebrightfutures.org/learn/fundamentals-energy/learn/fundamentals-energy
https://cebrightfutures.org/learn/fundamentals-energy/learn/fundamentals-energy
https://cebrightfutures.org/learn/fundamentals-energy/learn/fundamentals-energy
https://cebrightfutures.org/learn/fundamentals-energy/learn/fundamentals-energy
https://cebrightfutures.org/learn/fundamentals-energy
https://cebrightfutures.org/learn/fundamentals-energy
https://cebrightfutures.org/learn/fundamentals-energy
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I   = Q/t 

Where 

I :Current  Q :Charge  t :Time 

The  relationship  between  current  and voltage is integral in understanding  how  much  power  is  

 "developed "in a system, that is to say  ,how much electrical power is generated and  dissipated . 

Resistance 

Resistance  is  the  opposition to electrical current in a material. To  put  it another  way  ,resistance  is  the  

inverse  of  a  material's  ability  to  conduct  electricity   .Resistance  is  an  important  concept  to  

understand  when  discussing  electricity  because  it dictates  how  quickly  charge will flow  through  a  

circuit and therefore  how much current will exist. 

Ohm's Law 

Ohm's  Law  gives  us  the  mathematical  relationship  between  voltage  ,current  and  resistance  and  is  

one  of the most fundamental tenants in understanding electricity: 

V   = IR 

Where 

V : Voltage     I : Current          R :Resistance 
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