Chapter 8: Static Electricity

6.1 Electrical Structure of Matter

Bohr-Rutherford Model:
e Matter is composed of particles called gAoms
o Protons:
« found in the nucleys
= small, heavu  particles
: Poﬁi'\"’l\le)g) charged

o Electrons:

= Move in the space (7% oond __ the nucleus

= Small and \ig Vil (about 1/2000™ mass of a proton)

« neagtively charged
J w7
o Neutrons:

= Found in nucleus

= Small_heavy  particles

= Do not carrya c/hafcj <

 Atoms are normally electrically _ne. tva!l - equal number of protons
and electrons

Electron

\\__ h o y /’J h
N _~ Neutron

/—
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Electrostatics
« Atomsofa_=olid  areheldin place

o Nuclei \/ilbrate  but are not free to move, therefore the positive
charge remains fixed

e Outermost elecons can move from atom to atom, causing charges to
form.

o Whenever electrons are added or removed from a solid, it becomes

<chacged

o When electrons are removed - object becomes positi vely charged

o When electrons are added - object becomes m@_q'or\—'\ Jc‘f_%.__ charged

There are:
6 positive charges and 8 positive charges and 6 positive charges and
6 negative chamges 6 negative charges 9 negatwe charges
6+ [6) =0 B + (-6) = 2 6+ [-9) =-3
There is zzro net charge: The ret ch:rgt 15 +2 The net charge is -
The abject is neutral The object is posithvely charged The object & negately chargr:d

Rules of Static Charge
e Objects with like charges __ (. epc\ each other = [i') d-} -
« Objects with unlike charges _alack one another g (\:) d -
e Charged objects (ﬁ'ag" heutral objects @ o5 e \f;f)
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Law of Conservation of Charge
o the_net charge of an isolated system remains constant

e Charge is’ 2 vanti Ztcl' meaning that charge comes in integer multiples
of the elementary charge, e
o A _'Df'o"'on has a charge of +e, while the clecren has a
charge of -e.

* Inthe early 20™ century, R. Millikan found the smallest unit of charge:

e = 1.60x10' C where C is the unit of charge, (o olomb
Cyzaw(—ue, since esch electren

s a Vlcscn.h\fc cb‘a.:ﬁc

or
1C= 6.24x10% e.

e The charge on an object, then can be calculated by using the formula:

Q = Ne
where Q = electric dnarg e (+ if exces
N=_cxcesS  number of electrons or protons — i¥ defioh)
e = charge of a single proton or electron (1.6x107° €)

Ex.1 How many electrons have been removed from a positively charged pith
ball electroscope if it has a charge of 7.5x10! €?

=3 o "¢ =

X - = -19 a-n +5x10 ¢ -Lf.?xlogc\cc&“"s

e leoxo ' Ce @ : —— ¥ opoved)
N=2 N= e 7 [lpoxio™de or@ilo’cl/)

Ex. 2 What is the charge, in coulombs, on an object that has:
a) An excess of 6.25x10'° electrons? Xf Loris /e>
7 25K lO e <
i?wouﬂwb Q= Ne = @

R=%.25x10"% - 10. OC’,
b) A deficiency of 1.0x108 elec’rr'ons’

Q - ? ('_ __ZQ\D eI \. bO)(|O C/¢>

~14
z = 1.60x10  Cle e
ﬁ:-lOMO¢ (jb*m
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Electrostatics - Charging objects

Inside an
Atom

Electron

%}b‘ %E)
O, O & ©

ormit BALANCED ATOM  DEFICIENCY OF ELECTRONS EXCESS OF ELECTRONS
NET CHARGE ZERO NETPOSITIVE CHARGE HET NEGATIVE CHARGE

Nucleus

2061 HowStuHWorks

There are two types of charges. They are positive and negative charges.

o Negative charges are created when electrons are added.
o Positive charges are created when electrons are lost.

The total charge on any object can be found by knowing the number of excess or deficient
electrons on that object.

The charge of an electron is e = -1.6 x 10°1°C.
The total charge on an object is given by Q = ne

where Q is the total charge in Coulombs, n is the number of electrons and e is the charge
of an electron.

Protons have the same charge as the electrons. Except that they are positively charged.

1. We will NEVER TALK about PROTON motion. Explain why not?
Peotons gre \ocled inside Yhe nudleus + cannot £low

2. A neutral metal plate loses some electrons. It is now ’Dc_r::\ iuJe  (type of charge).
This is because electrons that are lost have ﬂr'(;‘.) a¥ive charge.

3. A pop-can rubbed with fur will be _x 16‘;—1 (Type of charge). This is because

c kgckﬁbﬂﬁ are added to it.
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4. Find the charge on a metal plate that has 500 excess electrons.

& =7 Q-Ne

= +500 -9
” = -l bxxz 9% - (scoe)(-1.xIS c/e>
< =(-%-0x Io_'ic/'

- 5.Find the number of excess electrons on pith ball that has a charge of -1.2C.

Q=-1.2C A =Ne
VS hae GaeD

e - -l.bxis'C ~1.ex10C
6. An electroscope has a total of 2.0 x 10° electrons and 1.8 x 10 protons. What is the
net charge on the electroscope?
N=#p—*c &= Ne
l"rc/
= Z3x10°— 2.0xI0° =(-2x107c )~ 1-bx o "C/e
3-2_)(]0&&:(.:164-510 = 3.2x10

e =-l-exic'c/e o 3xlD-qu-)

& -7

7. One atom of Gold carries 79 protons in the nucleus. 79 electrons orbit this nucleus.
A. Determine the net charge on one atom of gold.

Y'lcu’l'fa‘... no %@c

B. Determine the net charge of the 79 protons in the nucleus of this atom.

& = ?? 8 = Ne y

N = +Tprotens, = b x10 oo

e = +|(px\O‘C/Pro+Dn qu' " -12 be>
=1.264x10 ' C

= 1.3 x 10 TC

Answers: 1) Protons are fixed; 2) positive, negative 3) negative, electrons 4)-8.0x10°7C B) 7.5x10% e 6)-3.2x104C
7)a)0C b 107¢
(20
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Electrostatic Charging

« Most objects are electrically neutral; they have equal amounts of
{225_(_’\5_\[:._ and m-jm,%%\fc charge

e Solids in which charge flows freely are called conductors  (i.e., most
metals)

o Outermost electrons in the atoms are so _|oc=<lu  bound to their
atoms that they are free to move around

e Solids which rzsi=t _ the flow of charge are called insulaters
(plastic, cork, glass, wood, rubber)

o Electrons are 'Hﬂ\nH 4 bound to the atoms and are not free to
flow |

Conductors Insulators

Charges can be transferred from one object to another through:

1) Friction:
e If you rub one material with another, electrons havea  ~"_
. \H\H‘:RM
tendency to be *\-mms?cr (‘ca from one material to v
another ' f'ﬁ \
Ex., glass with silk, PVC rod with fur ) \\
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2) Conduction:

» If acharged object touches a conductor, some charge will £low

between the object and the conductor, shar de: the charge with the

conductor.

Charge by conduction (touching)

N
NI AN T . T+ Neutral
Positively charged rod . & metal
(too few electrons)

[ TR e, Ay .

electron flow

" Pasitively
1R - + charged
4 metal
Less positively charged rod

3) Induction
» charged object is brought close to the conductor, but does not touch.

o If the conductor is 4 counded (touching anything that can give up or

take electrons), electrons will either flow © 1o the conductor or

awa; from it.

» When the ground connection is removed, the conductor will then have a

charge ©ppesite in sign to that of the charged object.

¢ 9

Q.

©

() (e)

Copyright & Addison Wesley Longman, Inc.

Chapter 8: Static Electricity 105



Electrostatics Concepts

1. What are the similarities and differences between the properties of an electron and a proton?

- PoY\h haie Some qbu.o.n’n' of charge /w thin an otom
~ Afecent types of cMange (€ = negaive, P~ posihiw)

- \echons can £lowd 1N conduckors
2. Describe the difference between a positively-charged object and a negatively-charged object, in terms of

electrons. Posiﬁ \Ic\:j c,\r\afﬂcd = dc—p\‘c,{‘\: D'F e\cc"ﬂ’bns
ﬂesa)ﬁ\xel\-j c\f\afScA z execeSS cleckvons

3. Draw a diagram to show how an object can take on a negative charge using only a negatively-charged vinyl

strip. TP o ncja_\-‘wc\s—-c,\narago\ strip comes into
o conYack with an obeséc\', +he charge
J—:,’ Lo\ bc: s\hored as cxcess cleckrons Fhow indo
g the obyct (condocHan)

4. Draw a series of diagrams to show how an object can take on a positive charge using only a negatively-

charged vinyl strip. N:ﬁau\i ‘xc\ 3 C.\(\M’g cd 5_\.(‘? ("ng 15
e\ec o ns jri-the oba[c‘r, cg.usiv\j
e\eckrbns Yo Flow fo Smuvd- pwt

- %(boﬂ&%ns is emoied, Yhe obyct
1

_ - Men 1els wth a defiad o

e Vec X rens (i nduchon)
5. Why do clothes sometimes have static on them as soon as they come out of the clothes dryer?

As diffeent Falodcs vob agasnst cach eter; eleckvens
ofe Yansterced from ene o‘od{c:’s Yo another, \CQ_\“,,%
Ye clothes items Charaed

6. A charged rod is brought near a pile of tiny plastic spheres. The spheres are attracted to the charged rod
and then fly off the rod. Why does this happen? inthesphen ;

As e (‘oc\ a?pfbac\ﬂcs e 5P\ncrc5‘ cleckrons muief\wm
e red, nduang an ogpoSHE afge + ConDme the (3d to

Hold electrons tightly
alvad Yhe sphees. Once they comento conteck; elechnee aqe inyt
COM\U\EA ‘o twe SPVB(CS, 1= '\'\ﬂdb' WOUD“‘\‘C WKe Characs + fﬁPe\ plastic wrap
7. The electrostatic series lists various objects according to how tightly they hold their amber
electrons. What will be the charge on a silk scarf if it is rubbed with glass? With plastic %‘;‘;‘;’:
wrap? =11 Wold s wioce -\-\S\A—\'\\d.‘- w1\ be \naga.\‘w‘c. o
- g\ct..ss wil' Pe posifive wool
N glass
Plastic woraps Wolds cleckvpns winle Hgwtly than .

- s . +
SIHK ... Plashc v ) pe Neap ive + S Ik pos five, Hold electrons loosely
8. Outline a method by which you could determine (with certainty) whether the charge
on your comb after you comb your hair is positive or negative.

Rob a \;'\f\&\ sirip with for so W becomes neaou\‘i \rcb
c,‘r\a,(' . IE the \l'un\l\ 5‘\'\"\? is attractad o Yhe comb,

Lonib i5 A\l chatsed | vF 1Y ©pels, the comb is also » abve.
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CHAPTER 6 REVIEW: STATIC ELECTRICITY

1. Describe what happens when the following charged objects interact:

Object #1 Object #2 Attract/Repel/Neither
* * Repel
* ) attract
* 0 ottrack
} } cecec)
B 0 ot tyack
0 0 nedher

2. Explain (in detail!) why a wooden metre stick will move towards a positively-charged acetate
strip. Include a diagram in your explanation.

TP a positvely -charged sMPaperoaches a neutral _
m&-\'(cgi"d(, e\ ‘\T‘b\nssin e wood will £flow 4pwads =T =y

e 5P, mdaa‘r\\é o v\csaén\r: C,\GME.F in :Hze&ju > or—
part of the merve S, The ?Oﬁ‘h‘t strip v é‘? ry —
Hen atract +he Yem@ocarily oerd«j —Q\I\OJ\%CA :ﬂdumti
PM% of ¥ve wetre shel cav mgc‘?«i» o WMove Negohive crorye
3. Avinyl strip is rubbed by a piece of fur, transferring electrons from the fur to the vinyl

strip. You then touch a pop can lying on its side with the vinyl strip. If another charged
vinyl strip is brought close to the can, what do you expect will happen?

- \/inyl rolbbed corth fur becomes i \re\:‘ clnoxaccﬁ O
— TF +he vinyl tooches the can, eleckrons il wndudcrd o
the stnip e ‘+he can, majit‘nﬁ i+ V‘Cﬂa,h'qehd—cwg CA
_ T4 any sihrip i3 Prwoght close; Yhe hap niesoively b
obyects shou ld vepel each ofher + the can Svould foll avny.
4. Find the charge on a pith ball if it has 5.0x10° excess electrons.

Q=7 Q= Ne

-19
N =+5000¢ - 6000@ ~1.6X10 C/¢>
" o
C:"l-éXIO qg/c m\o ,6C
—goxt0%c K

5. Determine the net charge of a nitrogen nucleus (atomic number = 7).

- Q= Ne
-1 - _ ] -13
N=Fp _(D(rex10'lp) {1x10°C

Ix10% ¢
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Chapter 9: Current Electricity

Flow of Charge

e Charge can move from one object to another through a

e Electric current: when a charge moves, or' ' from one place
to another

« Inmetals, moving charges have a ncap charge:

I=Q/t Q=_+tot! charge flowing past a point in a circuit

t= over which charge flowed

I= coccent  (units: Amperes)

1 A = the electric current flowing when 1 C of charge moves past a point
in a conductorinls.

Ex.1: Calculate the current in an electric toaster if it takes 9.0x10? C of charge to toast 2
slices of bread in 1.5 min.

Ex. 2: A light bulb with a current of 0.80 A is left burning for 25 minutes. How much
electric charge passes through the filament of the bulb?
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