Introduction

Electricity is a fundamental form of energy occurring naturally (as in lightning) or produced
artificially, and results from the motion of electrically charged particles of matter. These charges
are either positive, or negative. Positively charged particles, such as protons, repel one another
and the negatively charged particles, such as electrons, also repel one another. Negative and

positive particles, however, attract each other. This behavior may be summarized as follg
Like charges repel, and unlike charges attract.

Electricity is a property of matter that results from the presence or movement of ¢ @ harge.
Together with magnetism, it constitutes the fundamental interaction known naenetism.

Electricity is responsible for many well-known physical phenomena such as@gghtrihg, electric

fields and electric currents, and is put to use in industrial applications guch as ronics and
electric power. ¢

Static Electricity 0

Electric charge is a fundamental conserved property tomic particles, which
determines their electromagnetic interactions. ElectMgally ged matter is influenced by, and

produces, electromagnetic fields. The interacti

electromagnetic force, which is one of the
orwnd is thus unable to flow is termed static

posite—charged objects attract one another. Static
electricity is a class of phenom ing the imbalanced charge present on an object,
typically referring to char vdtages of sufficient magnitude to produce visible attraction,
repulsion, and sparks. Statiggflecficity can be seen at work when hair is combed on a cold, dry
day. As the comb is fulled t ¢h the hair, strands of hair stand out stiffly. Some kind of force
seems to pull the ¢ w:R toward the comb.

charge and field is the source of the
daMental forces.

Electric charge which builds up on a
electricity. Like-charged objects rdel a

Rubbing acti charged objects because it tears electrons loose from some kinds of atoms
and trans to others. In the case of plastic rubbed with wool, electrons are taken from the
wool up on the plastic, giving the plastic a net negative charge and leaving the wool
ositively. When glass is rubbed with silk, the glass loses electrons and the silk gains,
glass that is charged positively and silk that is charged negatively.

With a Comb
Picking Up Paper Bits with a Comb

Tear some paper into small pieces and put the down on a table. Comb your hair. Move the comb



close to the paper pieces. The pieces of paper should jump up to the comb!
Deflecting Water with a Comb

Turn on a water tap so that the water flows in a narrow stream. Comb your hair. Move the comb
close to the water but don't let it touch. You should see the water stream move towards the cgmb!

With a Balloon
Sticking Balloons to the Wall

Blow up a balloon, and rub it on your hair. Touch the balloon to the wall or §iling® It should
stick there!
¢

Electrons

An electron is a negatively charged elementary particle; it is
electrons in each atom surround the nucleus in groupingsggll ; in a neutral atom the
number of electrons is equal to the number of protons i1t us. This electron structure is
responsible for the chemical properties of the atomgghem teractions take place between the
outer electrons of atoms.

of all atoms. The

Electrons have an electrical charge and wh¥gtheWgnove, they generate an electric current.
Because the electrons of an atom det th¥ygvay in which it interacts with other atoms, they
play a fundamental part in chemis e discovered by J J Thomson in 1897 through
studying cathode rays (now ca eams) in electric and magnetic fields. A heated wire

filament can be made to eny s, and if this is done in a vacuum their paths can be
controlled by electric or 14fi€lds. Such beams of electrons are used to operate television
picture tubes and elegtron opes.

) 4

yght fundamental subatomic particle that carries a negative electric

The electron 1

charge. The &g&c a spin-1/2 lepton, does not participate in strong interactions and has no

substruct ether with atomic nuclei, electrons make up atoms; they are responsible for
che ing. The flow of electricity in solid conductors is primarily due to the movement
ofNgCRONS.

ClaS¥fication

The electron is in the class of subatomic particles called leptons, which are believed to be
fundamental particles. As with all particles, electrons can also act as waves. This is called the
wave-particle duality, also known by the term complementarity coined by Niels Bohr, and can be
demonstrated using the double-slit experiment.



The antiparticle of an electron is the positron, which has positive rather than negative charge.
The discoverer of the positron, Carl D. Anderson, proposed calling standard electrons negatrons,
and using electron as a generic term to describe both the positively and negatively charged
variants. This usage is occasionally encountered today.

Electrons - behavior

When electrons and positrons collide, they annihilate each other and produce pairs of h
energy photons or other particles. On the other hand, high-energy photons may trg
electron and a positron by a process called pair production, but only in the presen
charged particle, such as a nucleus.

The electron is currently described as a fundamental or elementary particle. It no known
substructure. Hence, for convenience, it is usually defined or assu
mathematical point charge, with no spatial extension. However tcit particle is forced to
approach an electron, we measure changes in its properties (c

This effect is common to all elementary particles: Curr ggests that this effect is due
to the influence of vacuum fluctuations in its local s the properties measured from a
significant distance are considered to be the sum o operties and the vacuum effects
(see renormalization).

The classical electron radius is 2.8179 A—$ m. This is the radius that is inferred from the
electron's electric charge, by using th i heory of electrodynamics alone, ignoring

quantum mechanics. Classical elecfr (Maxwell's electrodynamics) is the older concept
that is widely used for practical ap ic of electricity, electrical engineering, semiconductor

physics, and electromagnetics; (
applications involving mo
physics.

lectrodynamics, on the other hand, is useful for
rtiflle physics and some aspects of optical, laser and quantum

Based on current fheOf, thgpspeed of an electron can approach, but never reach, c (the speed of
light in a vacugm imitation is attributed to Einstein's theory of special relativity which
defines the s icht as a constant within all inertial frames.

Howe lativistic electrons are injected into a dielectric medium, such as water, where

the lowgl of light is significantly less than c, the electrons will (temporarily) be traveling

fa n light in the medium. As they interact with the medium, they generate a faint bluish
ca®ed Cherenkov radiation.

Electrons - Properties

Electrons have an electric charge of 3™’ 1.6021765 A— 104" 19 coulomb, a mass of 9.11 A—
102731 kg based on charge/mass measurements and a relativistic rest mass of about 0.511
MeV/cAz2. The mass of the electron is approximately 1/1836 of the mass of the proton. The
common electron symbol is ed™’.[1] Electron mean lifetime is >4.6x1026 years, see Particle



decay.

According to quantum mechanics, electrons can be represented by wavefunctions, from which a
calculated probabilistic electron density can be determined. The orbital of each electron in an
atom can be described by a wavefunction. Based on the Heisenberg uncertainty principle, the
exact momentum and position of the actual electron cannot be simultaneously determined. This
is a limitation which, in this instance, simply states that the more accurately we know a pargg
position, the less accurately we can know its momentum, and vice versa.

The electron has spin A%z and is a fermion (it follows Fermi-Dirac statistics). In addigio
intrinsic angular momentum, an electron has an intrinsic magnetic moment alon ams.

Electrons in an atom are bound to that atom; electrons moving freely in vacfgum, or certain
media are free electrons that can be focused into an electron beam. When froclegitons move,

there is a net flow of charge, this flow is called an electric current. Theadrift veloCity of electrons
in metal wires is on the order of mm/hour. However, the speed at gul¥ent at one point in
a wire causes a current in other parts of the wire, the velocity g bn, is typically 75% of
light speed.

In some superconductors, pairs of electrons move as Cof@p irs 1n which their motion is
coupled to nearby matter via lattice vibrations callegdho e distance of separation
between Cooper pairs is roughly 100 nm. (Rohl

mor or fewer electrons than are required to
th®e is an excess of electrons, the object is said
lectrons than protons, the object is said to be
Wons and the number of protons are equal, their
aid to be electrically neutral.

A body has an electric charge when that b
balance the positive charge of the nucleL
to be negatively charged. When there g1
positively charged. When the numjer®oiff
charges cancel each other and t jec

O

Electric Current

Electric current cons@ts of charge particles - usually electrons - moving through a conductor.
Between collecti osiive and negative charges there exists a potential difference called
'voltage'. If path exists between two charged groups, charges will flow from one to
the other,
more

an electric current, and usually consists of a flow of electrons from the
harged body to the more positively charged one. Metals and other materials
that aNgw ow of electric charge through them are known as conductors. Materials that resist
th e of an electric current are known as insulators.

A direct current (DC) is a constant flow between two points having a different electrical potential
and the charge flow is one way, as from a battery. Or it may be alternating current (AC), as from
a mains supply. Here, the charge flows alternately backwards then forwards in a circuit many
times every second.



By convention, a positive current is defined as that which flows from a higher potential to a
lesser one, driven by the potential difference. An electrical circuit is a network that has a closed
loop, giving a return path for the current. A network is a connection of two or more simple
circuit elements, and may not necessarily be a circuit.

Make a Battery

You need 2 different metals, e.g. copper & steel, or a penny and a nail. Stick them car
a citric fruit such as a lemon (not your hand!). Attach a wire to each piece of meta
clips work best) and place the other ends onto your tongue. You should feel a tin{
electricity.

The current isn't enough to power a small light bulb, but you could try putting e metal pairs

into the same, or other, pieces of citric fruit, and connecting the wi reﬁel.

Net Electrical Charge

Electrons around an atom Matters are made of atoms, is basically composed of three
different components -- electrons, protons, and neuigns. ectron can be removed easily from

an atom. Normally, an atom is electrically neut h

protons and electrons. Positive charge of pr

means that there are equal numbers of
nced by negative charge of electrons. It

has no net electrical charge.
When atoms gain or lose e , they are called "ions."
* A positive ion 1 n that misses electron(s).
* A nega 1 is an anion that gains extra electron(s).
re, att®ct What is charge? Objects that exert electric forces are said to have charge.
h the source of electrical force. There are two kinds of electrical charges, positive and
ne e. Same charges (+ and +, or - and -) repel and opposite charges (+ and -) attract each
other.

The law of conservation of charge says that charge is neither created nor destroyed.

Conductors and Insulators



Substances can be classified into three types -- insulators, conductors, and semiconductors.
Insulators are materials which allow very little electrical charges and heat energy to flow.
Plastics, glass, dry air and wood are examples of insulators.

Conductors are materials which electrical charges and heat energy can be transmitted caWpy.
Almost all metals such as gold, silver, copper, iron, and lead are good conductor

Semiconductors are materials which allow the electrical charges to flow bettegthd @ htors,

but less than conductors. Examples are silicon and germanium.

Charged Objects @ ¢

When two objects are rubbed together, some electrons from @t move to another object.
For example, when a plastic bar is rubbed with fur, elec ve from the fur to the plastic
stick. Therefore, plastic bar will be negatively charg r will be positively charged.

a. Methods of Charging

Charging by Induction

When you bring a negatively char@d o close to another object, electrons in the second

object will be repelled from thé gct. Therefore, that end will have a negative charge. This
ctipn.

process is called charging @
When a negatively clgrged object touches a neutral body, electrons will spread on both objects

and make both o egatively charged. This process is called charging by conduction. The
other case, pgd™W rged object touching the neutral body, is just the same in principle.

Unit of E 1 Charge: The Coulomb " C "

ol for electric charge is written q, -q or Q. The unit of electric charge is coulomb "C".
ame of one electron is equal to the charge of one proton, which is 1.6 * 10-19C. This

numbDer is given a symbol "e".

Coulomb's Law

The magnitude of force that a particle exerts on another particle is directly proportional to the
product of their charges and inversely proportional to the square of the distance between them.



Direction of the force between particles

kg %g
= dlz 2
where:
F is the force between the two particles,
ql is the net charge on particle A, 0
g2 is the net charge on particle B,
d is the distance between the particles,

k is a proportionality constant which is 9.0 * 109 Nm2/C2.

¢
The direction of the force is on the line from one particle to thO

Gravitational Field vs. Electric Field

The concept of electric field was introduced by Mic&? ay. The electrical field force acts
between two charges, in the same way that the fra¥gati¥mal field force acts between two masses.
We know about accelaration of the earth, i, t ravity (g = 9.8 m/s2), but where does this
number come from?

It comes from Newton's law of unige miation. It states that every matter which has a mass
attracts other matters with a fo $Mectly proportional to the product of their masses and
inversely proportional to t arefpf the distance between the centers of gravity of the two
matters.

FRLFPL

F -G ¢

where:
-11 31, 2
X107 Vo fleg” (onstant),

me = mass of the earth (kg),
mo = mass of an object (kg), and

d = distance between the earth and the object (m).



We already studied about gravitational force of an object on earth, which is F = m*g, where "m'

n n

is mass of the object and "g" is the gravity of the earth. Then, we can say that

o= 2 , 2
m, g =G, i, fd . Therefore, gravity (g) of the earth is Gom, fd , where "me" is the mass
of the earth and "d" is its radius (we are talking about gravitational force on the surface of the
earth.).

_ (667 %10 fig: %) x 59810 kg
(6.38x10%)’

o
F=K
The electric field (E) is derived in the same way from the equation @

4
where: <:®|
p— g . 2 2
E=90x10° Nw' /C (constant),

Q = electric force of one object (C),
q = electric force of the other object (C), and K

d = distance between the two objects (m).

However, electric field E is a little bit differ®yt from gravitational field g. Gravitational force
depends on mass, whereas electric foffe depend on mass. Instead, electric force depends
on charges on both objects.

By rearranging the formul et:

K ; 0

qfd*

g = 0.80m/s*

Electric field (E) for
Electric field
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(Positive charge electric field)

The field lines are originated from the positive charge.

O
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S P

|
(Negative charge electric field)

The field lines end up at the negative char

A positive charge exerts o@ negative charge exerts in equally to all directions; it is
symmetric. Field lingg are to show the direction and strength of field. The closer the lines

are, the stronger t ce agfs on an object. If the lines are further each other, the strength of
force acting oga ks weaker.

Gravitati otential vs. Electric Potential

tt, ed from the surface of the earth has a potential energy. This gravitational potential
given by the formula PE=mgh, and the potential energy can be altered by changing its
e electrical potential energy also can be changed by changing distance between two

Gravitational potential energy equals to product of the mass of an object, gravitational field
force, and its height from the earth.

PEg = mgh



where:
m is the mass of the ball (kg),

g is the gravitational field force (g = 9.8 m/s2), and
h is the distance between the ball and the earth (m).

‘L
W
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Electric potential energy equals to the electric potential energy divided by c@E =qEd
where:
¢

q is the charge of an object (C),
E is electric field produced by Q (N/C), and

d is the distance between the two charges. < QI
TR, &

Electric potential is called Voltage, which can be deriv e equation.

Ed = ﬁ =V (Veliage) K
¢

Voltage is also related to force.
V = Ed = (F/q)*d = Fd/q= W/q

(W = Fd -- force times displac direction of force is work (J))

A high voltage means tha @ 1gdi%idual charge is experiencing a large force. A low voltage
means that each individual Wgargl¥ is experiencing a small force.

Gravitational P Vs..Electric Potential

8 o
Qq e . Qg
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q" on A has smaller force than "q" on B. If the distance of B is one half of that of A, the force
acting on B is twice as large as A because the force is inversely proportional to the square of the
distance between two charges.

| - s,

B ":"t Pr— e —— 'ﬁi'

High Potensiod Energy

A has high potential energy because these particles want to separate from each othg
B has high potential energy because these particles want to come together. It is t @ priciple

as the gravity. 0

oy

» B+ 4
Low Potential Energy

C has lower potential energy compared to A because the eleciffic fie ce is inversely

proportional to the square of its distance.
D has lower potential energy compare to B for the sa %
$

When same charges are put close together, we ve a high voltage because it has a high
potential energy.
Larger the distance is, the smaller the forc d v&age are.

If the spheres are brought close toggtite arge will try to get as far away from each other as
possible. As a result, the Volta+ qual on both sphere.
t I

Charge will always move @ ce acting on it is reduced to a minimum or until the voltage
becomes the same.

ge 1s called the current and it is the rate at which electric charges pass though a
cond . arged particle can be either positive or negative. In order for a charge to flow,

(a force) and it is supplied by voltage, or potential difference. The charge flows
potential energy to low potential energy.

se A has a potential of 12 V and B has a potential of 2 V. There is a potential difference. A
has higher potential energy than B, and it means there is voltage. The potential difference is

VA-VB=12-2=10V.

If there is a potential difference between two regions and if we join them together, the charge
will flow. The charge will always move until the force acting on it is reduced to a minimum or



until the voltage becomes the same.

Suppose C and D has a potential of 7 V. There is no potential difference between two plates. The
potential difference is VA - VB =7 - 7 =0 V. Therefore, it has no voltage and it means no flow
of charge.

What will happen if something pushes the charge from the bottom plate to the upper plate

the diagram? This will generate a potential difference, and hence, there will be continuoygfilo
of charge. This is how a battery works; it takes "+" charge from bottom and push it to

system like E, a closed loop of current, is called an electric circuit.

The current [I] measures the amount of charge that passes a given point ever
for current is Ampere [A]. 1 A means that 1 C of charge passes every seconff. 1 C

Electric Resistance and Ohm's Law.
¢
Resistance is a feature of a material that determines the flow C ge. The unit of

resistance is ohm. The resistance varies in different materials.\gor eXymple, gold, silver, and
copper have low resistance, which means that current ¢ through these materials.
Glass, plastics, and wood have very high resistance, C S that current can not pass
throught these materials easily.

A German scientist Georg Simon Ohm ex
relationships between current, voltage

nce of a piece of wire (or any other conductor) is proportional to the length of the
material, and is inversely proportional to its thickness or sectional area.

R=k*(L/A)

where:



k is resistivity constant that depends on the types of material,
L is the length (m), and

A is the area (m2). A potentiometer uses this characteristic. It can change its resistance by
controlling its length. This aperture is used in T.V. volume, light controller, and everything else
dealing with changing its electricity gradually.

The gray bar inside is connected to the black wire of its around, and it rotates (see above). L
say an electrical line is connected to the left and the middle. If the gray bar is at the left,
circuit will have small resistance because the length of the black wire outside is short

the gray bar trun to the right, then it will have larger resistance.

Voltage Law and Current Law 0
Voltage Law

"In any circuit, the sum of decrease in voltage equals the sum of it c®

For example, imagine a circuit with a battery and a bulb. If th@ generates 3 V, then the
bulb must consume 3 V, because the sum of decrease in consumed by the bulb)
must be equal to the sum of increase in voltage (+3 y the battery).

Current Law

al’electric circuit, the total electric current into the junction is equal to

n

ut.

or urrent (2 A).

In other words, current coming in is equal to the current going out.

There are basically three types of circuit -- series, parallel, and series and parallel circuit.
Series Circuit:



.

Parallel Circuit:

]

Series Circuit 0

The total voltage is the sum of the voltage on each componeno

eq1: VO=VI1+V2+V3+.+Vn &

(In this case, VT = V1+ V2)
The total resistance is equal to the sum of g re nce on each component.
eq2: RO=R1+R2+R3+...4+Rn

(In this case, RT = R1 + R2)

The total current is equal il cédmponent.

eq3: 10 =11 =12=13% 14 & In

(In this case, )

We have w3 circuit like this. What is the total voltage, resistance and current?

merw

UeEAY
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First, we have to find out the total voltage using equation 1 above, and then resistance using
equation 2, and finally you can find out the current using equation 3.



Total voltageis9+1+16+4=30V

Total resistance is 30 + 10 + 40 + 20 = 100 ohm

IV TIMFE]

Using ohm's law, I = V /R, then we can find out the total current. 0
I1=30/100=0.3 A 0

Parallel Circuit ¢
IT
= R
—, K

The total voltage is equal in every compone

eq4: VO=VI=V2=V3=.=Vn

(In this case, VT = V1=V2) @

The resistance is equal to the s resiance on each component divided by the product of
resistance of each compone

eq 5: 1/RO = 1/R1 + 1/R2 @n
(In this case, 1/RT = 1 +’ 2)

to the sum of current in each component.

5A A B [
—_ sﬂélﬁﬂ K 111®]

[ &

If you have a parallel circuit like this, what is the total resistance and voltage? And voltage and




current on A, B, and C?

In order to find out the total voltage, we have to find out the total resistance. Using equation 5,
we can find out the total resistance.

I/R =1/15 + 1/15 + 1/30 = 5/30, R = 6 ohm

V=5%6=30V

Then using ohm's law,V = R, we can find out the total voltage. 00

Using equation 4, we now know the voltage on A, B, and C, whic e?ch. Using ohm's
law again, we can find out the current on A, B, and C.

TA =30/15=2A, 0
IB=30/15=2A,
IC=30/30=1A.

When you add up all the current (using equatjolh 6)ge ®t 5 A which is the total current.

Series - Parallel Circuit

g

Series-Parallel;
plus the volta

eq. 7: VT V2=V1+V3

T resistance is the resistance of series plus the resistance of parallel.

eq. O"RT =RI1 + [(R2R3) / (R2 + R3)]

The total current is equal to the current on series and to the sum of the current of parallel circuit.

eq. 9:IT=11=12+13



Example

? | i

What is voltage on A, B, and D?

What is current on A, B, C, and D?

O

What is resistance on C? 0
What is total current and resistance?

¢
First of all, we have to look at the diagram very carefully (The thlf questions also help us
from where we have to start). Using equation 4, we know thafghe veltage on D is equal to C,
which is 80 V. We also know A and B have the same vo . Wil the voltage law, we can find
out the voltage on A and B, which is 230 - 80 = 150 C
Now we get all the voltages on each compone i m's law, we can find out the current on

A, B,C,and D.IA=150/30 =5 A; IB =15 5 AID=80/40=2 A; IC=10-2=8 A. The
sum of the current on A and B is equal to tIfgof (and D (eq. 3). A+B = C+D.

The resistance of A+B is @e . 2) The resistance on C is R = 80 [V] /8 [IC]= 10 ohm.

Therefore, the resistance o s 8 ohm.

23V ’

Using we can find out total resistance of this circuit.
R =23 ohm; [=230[V]/23 [R]=10 A

Jo Law and Power
The heat energy produced by a resistor is
H = I2Rt

where:



H is heat energy in joule,

I is the current in A,

R is the resistance in ohm, and

t is time in second.

You can convert joule to calories by multiplying 0.24 on joule.

In a parallel circuit, the least resistance draws the most current and produces t

energy because larger current flows through that component. The rate of usiig or ying
energy is called power [P]. The power consumption of a resistor is

P=VI=I2R = V2/R @’
where: 0

[P] is power in watts,

[V] is voltage through resistor in volts, K

[1] is current through resistor in ampere, a

[R] is resistance in ohms.

Joule's Law and Power \
230V
—— 2300
L 2

Also,

Powe k (energy) / time [t] (unit of work is joule [J] and time[t] is in second).

work or energy [joule] = power [W] * time [t].
The unit for energy is watt-second; watt-minute; and watt-hour.

1 watt-second = 1 joule



Example

A J0G

T
s

What is the power consumption of the resistor A and B? (in watts; [W])
What the heat energy produced on A and B if it is used in 10 second? (in jo
First, we have to find out the total resistance, and then the total potential diff (voltage).

Total resistance is R = 60/3 = 20 ohm.(eq.5) And total potential diffffcigpe isq¢= 20 * 2 = 40
V.(V=I*R) Now, we can find current on A and B. IA =40/30 = FondiB = 40/60 = 2/3 A.

Power consumption PA = (V*I) =40 * 4/3 = 160/3 (53.
watts.

The heat energies are K
HA =12Rt = (4/3)2 * 30 * 10 = 1600/3 (5 J;

HB = (2/3)2 * 60 * 10 = 800/3 (264.

—

40 * 2/3 = 80/3 (26.7)



