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« Some basics ...

«  Chapter 21

Static Electricity and Charge Conservation
Charges in Atom, Insulators and Conductors &
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Induced Charge
Coulomb’s Law

The Electric Field & Field Lines
Electric Fields and Conductors

Today’s homework is homework #2, due 10pm, Tuesday, Sept. 6!!
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Announcements

74 of you replied to me in e-mail
— 10 haven't. Please reply and establish the communication!

79/84 have registered for homework
— Wow, amazing!!
— But only 70 have submitted the answer
— Free homework is only till 10pm tonight
— | need to approve, so if you haven't done this yet, please go
ahead and do it ASAP

There will be a quiz on appendices A, B and what we learn
today in Ch. 21 on Thursday, Sept. 1.

First department colloquium at 4pm tomorrow,
Wednesday, SH 101
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Physics Department
The University of Texas at Arlington

COLLOQUIUM

High Performance Wiagnetic Nanoparticles and
Nanostructured Bulk Miagnets

Dr. Narayan Poudyal
The University of Texas at Arlington
Department of Physics

4:00p.m Wednesday August 31, 2011
Room 101 Science Hall

Abstract:

Magnectic QapoPpssiisics with controlled size and goometry have drawn great attention in the last decacde for fundamental scaenuisc
studiies and for thear potential applications 1n advanced maternals and devaces such as ultra hagh-demsaty magnetic recordang
medaa, exchange-coupled GIUESOIGRIsSIiR Mmagncots, biomeodacine and QIUEEsadsss- In this talk, our rocont resalts on the fabmnication
and charactenzatior of hard and =oft magnotic Gaueastrslcs will be presented. Novel proepamtion techniques including salt
matmnx anncalmg, surfactant-assasted ball milling and magnetic ficld m:lling have beer adopted 1 our study. Our recent progreoss
on fabricatron of ansotroprc hard magnetic chap-like gapopsstislics ané amisotropac borded magneots via surfactant-assisted ball
m:lling and magretic-ficld processang will be ciscussed. It 1s found that apphcation of magnetic ficlés dunng ball malling
strengthens the ansotropy. The aligned bard magnetic gapoships.can ther be procossod mnto anmsotropic bonded magnots wath
high cnergy product. For SmCo. phasc-based chaps, for instance, cnorgy products up to 26.0 MO and 19.1 MOGOc have been
obtamec for the chaips and for the bonded magnets, respoctrvely. This combined techkmque shows promise for producing nowvel

TICOSDSAMFed anisotropic bulk magneots with enhanced magnotic propertics for vanous applhcations.

I Refreshments will be served at 3:30 in the physics lounge I




Extra Credit Special Project #1
Compare the Coulomb force to the Gravitational force in

the following cases by expressing Coulomb force (F) in
terms of the gravitational force (F)

— Between two protons separated by 1m

— Between two protons separated by an arbitrary distance R
— Between two electrons separated by 1m

— Between two electrons separated by an arbitrary distance R

Five points each, totaling 20 points

BE SURE to show all the details of your work, including all
formulae, and properly referring them

Please staple them before the submission

Due at the beginning of the class Tuesday, Sept. 6
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S| Base Quantities and Units
Quantity Unit Unit Abbrevation
Length Meter m
Time Second S
Mass Kilogram kg
Electric current Ampere A
Temperature Kelvin k
Amount of substance Mole mol
Luminous Intensity Candela cd

*There are prefixes that scales the units larger or smaller for convenience (see pg. 7)

Tuesday, Aug. 30, 2011
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deca (da): 10
hecto (h): 102
kilo (k): 103
mega (M): 108
giga (G): 107
tera (T): 1072
peta (P): 10"
exa (E): 1018

Yu

Prefixes, expressions and their meanings

deci (d): 10

centi (c): 10
milli (m): 103

micro (u): 10
nano (n): 10-°
pico (p): 102
femto (f); 1010
atto (a): 108
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How do we convert quantities from one
unit to another?

Unit 1 = Conversion factor X Unit 2

1'inch 2.94 cm
1'inch 0.0254 m
1inch 2.54x107 km
11t 30.3 cm
11t 0.303 M
11t 3.03x10 km
1hr 60 minutes
1hr 3600 seconds
And many More Here....
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Static Electricity; Electric Charge and
lts Conservation

* Electricity is from Greek word eflecktron=amber, a
tree resin that attracts matter if rubbed

» Static Electricity: an amber effect g == R
— An object becomes charged or “posses a net electric charge

oetrified

due to rubbing
— Can you give some examples? )/ %\
* Two types of electric charge O

— Like charges repel while unlike charges attract

— Benjamin Franklin referred the charge on glass &%ﬁ %

(b) Two charged glass rods repel

rod as the positive, arbitrarily. Thus the charge 4
that attracts glass rod is negative. =» This

convention is still used. X
(c) Charged glass rod attracts
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Static Electricity; Electric Charge and
lts Conservation

* Franklin argued that when a certain amount of charge is
produced on one body in a process, an equal amount of
opposite type of charge is produced on another body.

— The positive and negative are treated algebraically so that during any
process the net change in the amount of produced charge is 0.

* When you comb your hair with a plastic comb, the comb acquires a negative
charge and the hair an equal amount of positive charge.

* This is the law of conservation of electric charge.

— The net amount of electric charge produced in any process is
ZERO!!

* If one object or one region of space acquires a positive charge, then an equal
amount of negative charge will be found in neighboring areas or objects.

* No violations have ever been observed.
* This conservation law is as firmly established as that of energy or momentum.

Tuesday, Aug. 30, 2011
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Electric Charge in the Atom

* |t has been understood through the past century that an atom
consists of

— A positively charged heavy core € What is the name?
* This core is nucleus and consists of neutrons and protons.

— Many negatively charged light particles surround the core €= What
Is the name of these light particles?

* These are called electrons
* How many of these? I As many as the number of protons!! I

» So what is the net electrical charge of an atom?
— Zero!ll Electrically neutral!!!

» Can you explain what happens when a comb is rubbed on a
towel?

— Electrons from towel get transferred to the comb, making the comb
negatively charged while leaving positive ions on the towel. - -

— These charges eventually get neutralized primarily by water |
molecules in the arr. H
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Insulators and Conductors ., ...

Let's imagine two metal balls of which one is charged .4

What will happen if they are connected by

— A metallic object? b — .

+ Some charge is transferred. WG
* These objects are called conductors of electricity.

— A wooden object?

(b) Conductor
Wood

. 4ty
* No charge is transferred +y+
* These objects are called nonconductors or insulators. (c) Insulator

Metals are generally good conductors whereas most other
materials are insulators.
— There are third kind of materials called, semi-conductors, like silicon
or germanium =» conduct only in certain conditions
Atomically, conductors have loosely bound electrons while
insulators have them tightly bound!
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Induced Charge

When a positively charged metal object is brought

close to an uncharged metal object | |

— If two objects touch each other, the free electrons in the (@ Nl rd
neutral ones are attracted to the positively charged O\

object and some will pass over to it, leaving the neutral (b:*ﬁetamdacquirqs

charge by contact

object positively charged.

— If the objects get close, the free electrons in the neutral
ones still move within the metal toward the charged :“‘) Hetsd meil ol
== ++

object leaving the opposite of the object positively

charged. i
, . . (b)  Metal rod still neutral, but
* The charges have been “induced” in the opposite ends of the with a separation of charge
object.
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Induced Charge ground

We can induce a net charge on a metal object by

connecting a wire to the ground. (a)

— The object is “grounded” or “earthed”. ++ B
Since it is so large and conducts, the Earth can give or CA i\
accept charge. T

— The Earth acts as a reservoir for charge. 0
If the negative charge is brought close to a neutral metal ©

— The positive charges will be induced toward the negatively Insulator

charged metal. Metal

— The negative charges in the neutral metal will be gathered on the
opposite side, transferring through the wire to the Earth.

— If the wire is cut, the metal bar has net positive charge.

An electroscope is a device that can be used for o .
detecting charge and signs.
— How does this work?
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Coulomb’s Law

Charges exert force to each other. What factors affect the
magnitude of this force?
— Any guesses?

Charles Coulomb figured this out in 1780’s.

Coulomb found that the electrical force is

— Proportional to the multiplication of the two charges
* If one of the charges doubles, the force doubles.
* If both the charges double, the force quadruples.

— Inversely proportional to the square of the distances between them.
— Electric charge is a fundamental property of matter, just like mass.

How would you put the above into a formula?
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Coulomb’s Law — The Formula
o< QlXQZ |Formula F =k QlQZ

2
V r
Is Coulomb force a scalar quantity or a vector quantity? Unit?
— A vector quantity. The unitis Newtons (N)!

The direction of electric (Coulomb) force is always along the line
joining the two objects.
— If the two charges are the same: forces are directed away from each other.
— If the two charges are opposite: forces are directed toward each other.

Coulomb force is precise to 1 part in 106, Fip=forceonl  Fy =force on2
Unit of charge is called Coulomb, C, in SI. Fi,—@® S—Fa
The value of the proportionality constant, £, in SI <« S Y S F»;
unitis  k =8.988x10° N-m?/C> ®

Thus, 1C is the charge that gives F~9x10°N of > 2o

force when placed 1m apart from each other. ©



Electric Force and Gravitational Force

F [ @ Extremely

g Similar

Does the electric force look similar to another force? What is it?
— Gravitational Force

What are the sources of the forces?
— Electric Force: Electric charges, fundamental properties of matter
— Gravitational Force: Masses, fundamental properties of matter

What else is similar?

— Inversely proportional to the square of the distance between the sources of the
force =» What is this kind law called?

* Inverse Square Law

What is the difference?

— Gravitational force is always attractive.
— Electric force depends on the type of the two charges.
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The Elementary Charge and Permittivity
 Elementary charge, the smallest charge, is that of an
electron: e=1.602x10""C
— Since electron is a negatively charged particle, its charge is —e.

* Object cannot gain or lose fraction of an electron.

— Electric charge is quantized.
* |t changes always in integer multiples of e.

* The proportionality constant k is often written in terms of

another constant, €, the permittivity* of free space. They
are related k =1/4ne, and g, = 1/4xk =8.85x107"* C*/N - m?
1 1222
+ Thus the electric force can be written: # =7 Qrzg

* Note that this force is for “point” charges at rest.

*Mirriam-Webster, Permittivity: The ability of a material to store electrical potential energy under the influence of an electric field
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Example 21 - 1

» Electric force on electron by proton. Determine the

\
\

magnitude of the electric force on the electron of a . \ b
hydrogen atom exerted by the single proton (Q,=+e)that & <o
is its nucleus. Assume the electron “orbits™ the protonat 2 =

its average distance of r=0.53x10-"%m.
1 QIQZ — k QIQ
2

2
4re, r e

Using Coulomb’s law ~ F' =

Eachchargeis (O, =—e=-1.602x10""C and Q, =+e=1.602x10"C

So the magnitude of the force is

F:‘k 00, ) (1.6><1o—19c)(1.6><10—19c)

=9.0x10° N -m?/C
7/'2

B 2
oy (0.53><10 1Om)

Which direction?  Toward each other...
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