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*Electricity is a familiar term

*Modern life depends on electricity

*We all know what electricty does !

Some funny examples ©




1.151atic Electricity

Where does static electricity come from ?

Atom

6 Most of the
atom’s volume
~108 12 m—> is occupied
sparsely by
electrons.

Tiny compared with the
rest of the atom, the

Nucleus '
q nucleus contains over

~107Bm

) 00.9% of the atom’s mass.

@ Proton: Positive charge
Mass = 1.673 X 107" kg

Neutron: No charge
Mass = 1.675 X 107" kg

® Electron: Negative charge
Mass = 9.109 x 103" kg

The charges of the electron and
proton are equal in magnitude.



1.151atic Electricity

Triboelectricity: Charging by friction

Teflon Materials tend to take electron

Polietilen -> More negative

Orlon

Plastic

Silver

Nickel and Copper
Wood

Steel

Cotton

Paper

Aluminium

Silk

Lead

Wool

Nylon

Glass Materials tend to give electron
Asbestos — More positive

Electronegativitiy




Insulator

Clean air
out

Rei 0'Hara/Black Star/PNI
Grelg Cranna/Stock, Boston/PNI

Dirt out

(a) (b)

Figure 25.30 (a) Schematic diagram of an electrostatic precipitator. The high negative
electric potential maintained on the central coiled wire creates a corona discharge in
the vicinity of the wire. Compare the air pollution when the electrostatic precipitator is
(b) operating and (c) turned off.

(c)



1.151atic Electricity

Photocopy or laser printing.

Light causes some areas
of drum to become
electrically conducting,
removing positive charge

Negatively

Selenium-coated
drum charged
toner
(a) Charging the drum (b) Imaging the document (c) Applying the toner

Interlaced pattern
of laser lines v,

(d) Transferring the (e) Laser printer drum
toner to the paper






*There are two type of charge in nature: Positive and negative
*Charges with the same electrical sign repel each other, and charges
with opposite electrical signs attract each other.

*Electric charge is quantized (Milikan experiment)

*Electric charge is conserved.



1.2 Electric Charge

The magnitude of charge
The smallest unit of charge e known in nature is the charge on an electron.

The Sl unit of charge is the coulomb (C).

The magnitude of charge on one electron is:

e=16x10""C

Table 23.1

Charge and Mass of the Electron, Proton, and Neutron

Particle Charge (C) Mass (kg)
Electron (e) —1.6021917 x 101 9.1095 x 103!
Proton (p) +1.6021917 x 1071 1.67261 x 107%7

Neutron (n) 0 1.67492 x 1027




atomizer

charged
metal
plate (+)

charged
oll droplets

viewing
microscope

charged
metal

plate (-)

light source

ionizing radiation
© 2012 Encyclopadia Britannica, Inc.



1.5 Charge is Quantized

q:ne n=il,12,...

e=1.6x10""C

R. Milikan
1923 Nobel Price



*Electric charge is conserved.

Net Chargeq=0

e Net Charge q =0

eutre

missing



1.2 Electric Charge

A nuclear reaction:

235 143 90
n+ U — Ba+ , Kr+3n+energy

The number of protons on two side f reactions are 92!

Pair production

Atonuc
Nucleus

Positive-negative
electron parr

Incident photon
{Energy)




1.2 Electric Charge

*There are two type of charge in nature: Positive and negative
*Charges with the same electrical sign repel each other, and charges
with opposite electrical signs attract each other.

*Electric charge is quantized (Milikan experiment)

*Electric charge is conserved.



1.2 Electric Gharge

A piece of plastic was charged by contact with a piece of nickel. Although the plastic
carries a net positive charge, regions of negative charge (dark) as well as regions of
positive charge (yellow) are indicated. The photograph was taken by sweeping a charged

needle of width 107 m over the sample and recording the electrostatic force on the
needle.



1.2 Electric Charge

A glass rod is charged by friction with a silk. If the total charge on glass is +110 nC,
how many electrons are transferd from glass to silk ?



1.2 Electric Charge

A glass rod is charged by friction with a silk. if the total charge on glass is +110 nC,
how many electrons are transferd from glass to silk ?

The number of electrons, transferd from glass to silk= net charge / e

N=Qle
N =(110x107C)/(1.6x107°C / electrons)
N =6.9x10" electrons



1.2 Electric Charge

A copper piece has a mass of 3 grams. What is the total charge of all electrons in the
copper piece ? (Atomic mass of copper is 29 and molecular mass of it is MA_,=63.5 g/
mol)



1.2 Electric Charge

A copper piece has a mass of 3 grams. What is the total charge of all electrons in the

copper piece ? (Atomic number of copper is 29 and molecular mass of it MA_,=63.5 g/
mol)

Answer:
The number of copper atoms in 3 g of copper
23
cu =8 002x107 _ 2.84x10% atoms
63.5g / mol

The number of electrons N_:
N, =ZN,, =29x(2.84x10% atoms) = 8.24x10% electrons
The total charge is the number of electrons times the electron charge

Q=N,(-e)=(8 24x10% electrons).(-1.6x107"° C / electrons)
0=-132x10°C



1.3 Gonductors and Insulators

*Conductors:
These are materials through which charge can move rather freely.
Examples: metals like Cu, the human body, tap water...

*Insulators
These are materials through which charge cannot move freely.
Examples: Glass, wood, plastic...

Semiconductors
These are materials that are intermediate between conductors and insulators.
They are very important for our electronic world. Examples: Si, Ge, GaAs...
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(a) A neutral metallic sphere, with equal numbers of positive and negative charges. (b) The
electrons on the neutral sphere are redistributed when a charged rubber rod is

placed near the sphere. (c) When the sphere is grounded, some of its electrons leave through
the ground wire. (d) When the ground connection is removed, the sphere has excess positive
charge that is nonuniformly distributed. (e) When the rod is removed, the remaining electrons
redistribute uniformly and there is a net uniform distribution of positive charge on the sphere.



1.3 Gonductors and Insulators

Charging Objects By Induction for Insulators

Electrons in each
molecule of the neutral
insulator shift away
from the comb.

This time, electrons in

the molecules shift

toward the comb ...
Negatively :
charged comb

a@‘) /. d é@i /. F
—F As a result, the e ... so that the

@ (+) charges in each
molecule are closer to

VR

@ the comb than are the (—)

charges and so feel a stronger
force from the comb. Therefore
the net force is attractive.

g g @ @ @k """ (—) charges in each
S
R

molecule are closer to @
Q

the comb, and feel a
stronger force from it, than
the (+) charges. Again, the net
force is attractive.



1.3 Gonductors and Insulators

Two identical conducting spheres, one with an initial charge + Q, the other initially
uncharged, are brought into contact.

(a) What is the new charge on each sphere?
(b) While the spheres are in contact, a negatively charged rod is moved close to

one sphere, causing it to have a charge of +2Q. What is the charge on the other
sphere?



1.3 Gonductors and Insulators

Two identical conducting spheres, one with an initial charge + Q, the other initially
uncharged, are brought into contact.

(a) What is the new charge on each sphere?
(b) While the spheres are in contact, a negatively charged rod is

moved close to one sphere, causing it to have a charge of +2Q. What is the charge
on the other sphere?

Answer;

(a) +1/2Q. Since the spheres are identical, they must share the total charge equally.
(b) -Q, which is necessary to satisfy the conservation of charge



1.3 Gonductors and Insulators

Two uncharged metal spheres are in contact. A positively charged rod is brought
near one of the spheres.

(a) Show the distribution of charge on each spheres schematically.

(b) When the rod is removed and the spheres are far apart, show the distribution of
charge on each sphere schematically.



1.3 Gonductors and Insulators

Two uncharged metal spheres are in contact. A positively charged rod is brought
near one of the spheres.

(a) Show the distribution of charge on each spheres schematically.

(b) When the rod is removed and the spheres are far apart, show the distribution of
charge on each sphere schematically.

Answer:

+++++>




1.3 Gonductors and Insulators

Two identical spheres are charged by induction and then separated;
sphere 1 has charge +Q and sphere 2 has charge -Q. A third identical sphere is
initially uncharged. If sphere 3 is touched to sphere 1 and separated, then

touched to sphere 2 and separated, what is the final charge on each of the three
spheres?



1.3 Gonductors and Insulators

Two identical spheres are charged by induction and then separated;

sphere 1 has charge +Q and sphere 2 has charge -Q. A third identical sphere is
initially uncharged. If sphere 3 is touched to sphere 1 and separated, then
touched to sphere 2 and separated, what is the final charge on each of the three
spheres?

Answer of Homework 1:

Q1=+Q/2; Q2='Q/4 Q3='Q/4




1.4 Goulomb Law

S Suspension
~  head

Experimental observation of Coulomb

———— Fiber

(1) The force exerted by one point charge on another
acts along the line between the charges and it varies
inversely as the square of the distance separating the
charges

Charles Coulomb

(2) it is proportional to the product of the charges

(3) The force is repulsive if the charges have the same sign
and attractive if the charges have opposite signs.




1.4 Goulomb Law

Mathematical expression of these observation:

[76 — k QI22
r

where k Coulomb constant:

k =8.9875x10° Nm?* / C*

This constant is also written in the form

- 1
4me,

where €

g, =8.8542x107°C* / N.m’

Always draw the force
vector with the tail on
the particle.

The forces push the
(a) particles apart.

me/v/

()

/VV“/Q/

(¢) But here the forces
pull the particles
together.



1.4 Goulomb Law

Vector form of Coulomb’s law

/\ -«../;p Vector form of Coulomb law

r ) 2
/ E , — k QIgZ 7

( 1 - y
/ q1
F,
<! (a) If we have n charged particles, they interact
2 Y independently in pairs, and the force on any
l 7 one of them, let us say particle 1, is given by
/\(12 the vector sum
-7 Fpy

=F,+F,+..+F,

]
}

!';:
’11 |



1.4 Goulomb Law

Exam vie:

The electron and proton of a hydrogen atom are separated (on the average) by a distance of
approximately 5.3 x10* m. Find the magnitudes of the electric force and the gravitational
force between the two particles



1.4 Goulomb Law

The electron and proton of a hydrogen atom are separated (on the average) by a distance of
approximately 5.3 x10* m. Find the magnitudes of the electric force and the gravitational
force between the two particles

The magnitude of the electric force is

19
F6=kM—(89F 1077 C)’

2 =8I 2 2x10% T07m)
F

The magnitude of the gravitatior g

=82xI10°N

=31 =27
mlm2 (6.67x10'”Nm2/kgz)(g'llxm kg).(1.67x107""kg)

— =3.6x10"N
r (5.3x107 "'m)

F,=G—=



1.4 Goulomb Law

Example;

Two identical conducting spheres, one carrying charge g and the other carrying charge 3q, are
initially held a distance d apart. The spheres are allowed to touch briefly and then returned to
separation distance d. Is the magnitude of the force they exert on each other after the
touching greater than, smaller than, or the same as the magnitude of the force they exerted
on each other before the touching?

Discussion:



1.4 Goulomb Law

Two particles fixed in place: a particle of charge q,=+8q at the origin and a
particle of charge q,=-2q at x=L. At what point (other than infinitely far away)
can a proton be placed so that it is in equilibrium (the net force on it is zero)?
Is that equilibrium stable or unstable? (That is, if the proton is displaced, do
the forces drive it back to the point of equilibrium or drive it farther away?)

y

0 %
@ &>
.

.

L




1.4 Goulomb Law

Homework 3:

Two identical small charged spheres, each having a mass of 3.0x102 kg,
hang in equilibrium as shown in figure below. The length of each string is

0.15 m, and the angle 8 is 5.0°. Find the magnitude of the charge on each
sphere.




1.4 Goulomb Law

Seven small metal spheres are arranged in a hexagonal pattern
as illustrated in Figure below. Spheres 1 and 7 carry equal
amounts of positive charge; the other spheres are uncharged.

(a) To give sphere 7 an acceleration a that points to the right,
what (single) other sphere must be charged? There may be
more than one possibility.

(b) What are the sign and magnitude of that charge?



*Elektrik yUkleri asagidaki 6zelliklere sahiptir:
v'Zit isaretli yukler birbirini cekerken, ayni isaretli yikler birbirini iter
v'izole bir sistemde yiik korunumludur
v'Yik kuantumlanmistir
v'Dogadaki en kiictik yiik elemanter yiik olarak bilinir ve degeri
e=1.6x101°C

*Elektrik ylUklerin hareket kabiliyetine gore malzemeler siniflandirilabilir
v'iletkenlerde elektronlar rahatca hareket edebilir.
v'Yalitkanlar elektronlarin hareket etmekte zorlandiklari malzemelerdir

*Coulomb yasasi iki yik arasindaki elektrik kuvvetini ifade eder

}‘;’12 =k%g2 2
r




