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The world is filled with eIectriCaI charges:
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When a glass rod is rubbed
with silk..~, electrons are
transferred from the glass to
the silk. '

Because of conservation of
charge, each electron adds
negative charge to the silk, and
an equal positive charge is left

béhind on the rod.”




Electric Charge
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An intrinsic charactensmc of a fundamental particle, electrons
& prutons that accompanies it wherever they XISt LS L lae G 5 2

1

Praton = positive Electron = negatwe
Each has the same value of k:harge

Electrically neutral — most objects hiave equal >
amounts of protons & electrons & therefgre no net

charge aslosll & S| ﬁx\ Cilaa gl 4
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Electrically charged ubjects

~an object with excess protons will have a posmve charge
~an nbjec;t with excess electrons will have a nebatwe charge

ua.a\.s

&ficle\ctrnn - 9'IIXI(' - kg
M, 00 = 1.67x10% kg
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Electmstatrcs iS the study of stationary, or bound, charges.

‘Moving charge is known as “current”




o The charge builds up but does not flow

e Static eIeCtriCity is potential energy. It does not
move. It is stored

Charging a metallic object by induction &l

(a).A neutral Js=xmetallic sphere with equal numbers of e
positive and negative charges. ’ |

(b) The charge on a neutral metal sphere is redistributed wJsisae!

| when a charged rubber rod is placed c=snear the
sphere. i3

(c) When the sphere is grounded u=,¥ duasi 41, some of the

‘ electrons leave it through the ground wire. :

(d) When the ground connection is, removed, the
nonuniformly akse e gadl charged sphere is left with
excess positive charge.

(e) When the rubber rod is moved away, the charges on the

‘ sphere redistribute themselves i 055w until cisthe
sphere’s surface becomes uniformly charged csall alii,

fa)




“characteristic of charge

« An important characteristic of charge'i:s that electric
charge is always conserved.- |

. \Charge isn’t created when two neutral objects are
1~ rubbed together; rather, the objects become charged

because negative charge is transferred from one
'object to the other. |

In 1909 Millikan discovered that if an object is charged, its charge is
alwavs a multlple of a fundamental umt of charge, desiéhated by the
symbol e. /

In modern terms, the charge is said to be guantlzed meaning that |

charge occurs in discrete chunks that can’t be further subdivided.
An object may have a charge of 1e, 2e, 3e, and so pn
but never a fractional charge of 0.5e or 0.22e.
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+ There are two kinds of electric charge, which Benjamin Franklin
(1706-1790) named positive and negative.
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(a) A negatively charged rubber rod, suspended 2L by a thread,|
is attracted to a positively charged glass rod

(b) A negatlvely charged rubber rod is repelled by another negatlvely charged rubber rod.

(s
On the basus of observatlons such as these,

we conclude that like charges repel one another




N 2H
Q  Write the following quantities in a concise form using (a) standard form, and (b) scieﬁc notation
(1) 0.000 018 A (ii) 15 000V iii) 250 000 000 W
. ﬁg_ i
i
(@) (i) 0.000018A=18X1073A
(i) 15000V = 1.5 X 10°V

(iif) 250 000 000W = 2.5 > 108W

(b) (i) 0.000018A = 18uA
(i) 15000V = 15kV
{iif) 250000 000 W = 250MW Ans




Ala ga Al o) gl g — 43l .s\,!As\_Zumﬁ.xs 3 gall

, conductors Aua sall lsall o
DJJUMAJL:J\ L_i\_\‘sJ.\Sy}_”.):uJ\ UJS.\L_L\A u.l\.u.“ @Jd&‘@@b)@ﬁj\w\\.@)&d&@l\ J‘j‘d‘ 45‘\5
: free electrons (e s (anal 5y sl S Sl d;h Jaill 83 a ef Wi () 550

msulators A Sladl o) gall e

c_u;uia\ A.QJLL_\DJ‘).\SX\L;QL@.}\}A\edﬂd&\@@hﬁ\u@\\@hdﬂm‘juﬂ\AUA\QAJ
d_u)_ﬂ\jcb‘)l\j\&\\.dls DJLAMG_U‘)AML-USJAMJ‘MJJM‘ML&‘U:JJJADJJ“G}JM‘ BN RS EPRvN|

semlconductors ‘dmyﬁ‘ Avd JUA‘ .
L_u\j.u.ﬁ\UADJAML._\L\ASMM\AGA\_\)@SMd.\m}\ﬁab.qﬂo&@\.au\_vu&q:\uﬁj _ujﬁ,p.dbe}puﬁj\

..e2kil ) impurities

wi

_ | . |
In conductors, electric charges move freely. All other materiials are called insulators.

Charged Neutral 2 Metal Wood - |
+ 4 + i +13 ;
+ .+ & g + ~'_+ }
(a) (b) (c) :
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Coulomb’slaw

In 1785 Charles Coulomb (1736—1806) experimentally estabhshed the
fundamental law of Electric Force between two statlonary charged particles.

-charges have the same sngn

An Electric Force has the following properties:

|
|
i

1 It is attractive if the charges are of opposite sign and repulsive if the

Z. It is proportional to the product of the magnitudes|of the charges,

A

gl and g2, of the two particles.

i between them.

3 It is inversely proportlonal to the square of the separatlon distance r,

Alal I o ¢SS G.J‘ * s point charge dolanil) s B w\.s dania A28 C_m\_ul\ b4 g
\.A@_u.: ﬂ.;.a\_ﬂ\ dﬁw M\J DJJ,.LA

|
|
ok




'l‘hu: magrituds of the electic force F bemween thacges g and go .ﬁpummﬁ N
b listanor #is given by ]

. Fag | dl 1| Coulomb’s law

l"'"

I}

where k. is a comstant caled the Comdonab ecwsgent. & = 9.0 3 10°N-m*/C
’ : :

This applies exactly only to point charges ' ____,..—-'“3"-. »
' : 5 E : : L -
and to spherical distributions of charges. ”’-ff -
TR g iFa
2= Torce on 1 5y =lorce on 2 Foy L)
dueto 2 due 1o |
(a) When the charges are of the same sign, the force
| is repuﬂswe, u i
(b) When the charges are of opposite sign, the force |
ns attractwe ("
; =

1)
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EXAM PLES

Example 1: Forces in a Hydrogen Atom -

The electron and proton of a hydrogen atom are separated by a distance of
about B3 X 107" m. . Find the magnitudes of the electric force Fe and the
' grawtatlonal force Fg that each particle exerts on the other and the ratio of

the Fe / Fg ( 4 8l) uﬁ i gl (tial il grd)
Sulutrnn ' N e T
: o b e g N-m= ' (15X 10719 )
Stbstite gy = |gof = eand the disance ino Coulomb's F=1, L = [( 800 % 11° | f: %‘_ - s '],,,
Taw w find the electric foree: re ] €8 /(33X 0T m)
| = B2x 10N

! Pt gy
Stubstumte the masses and diszEnee inw »u.u 1on’ 's.[ o of f';rz ir -

wmutt Lo find the rravitational foree:

[’ st cig-n e mi’“) (9.0 2 10~ k) (157 % 10~ 27 k)
=qby A 4L : - : :

ke 2.3 % 10~y

b

= 36X I0°YN

Find the ratio of the two forces:
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Example 2- Three charges lie along the x -axis as in ‘Flgure The positive ‘
charge g1 =15 pCis at x =2.0 m, and the positive charge g2 = 6.0 uC is at the i

origin. Where must a negative charge g3 be placed on the x-axis so that the o
resultant electric force on it is zero? |

\ : L 7 i ——— "
Salution ; |

i ¥ (13 % 107" g4 i e
Write the w-earponent ol Fys Fao=+k, )iﬁ.-l . ~X

I
9.0 m — a)° 4———.1'—--\“2_[1 T~ g
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L e B0 % 1075 C)ey 't
Write the wcomponent of Fog ; Fun, = — 1, { “l i o . . 7 o 1
i x* | —{—- -G il
: : 4 F, F 7 |
oy asxwoly  eoxwsgll | T TR BB " |
Set the snm eual W zérs k, — =l s =) | 1
(20m - «)° = . = ey |
QUL AV . s
Cancel ﬁ 107" and gy from the equation, 2nd B2 — x° = 15x° : ”"':"’"*“‘,"? - k 4 T | Note: If q3is to the o
rearrange terms (explicit signihcant figures and units 8 Fp right or left of the |
are temporarily suspended for clarit): l
' g : other two charges, |
Put this equation into standard guadratic form, pid—dr+xy =152 = 24-4x+ x%) = 5x° ':

then the net force

on g3can’t be zero,
because then F13
and F23 act in the
same direction.

axs + w4 o= At 8§y —8=10

-8 24— ({38 -4z 2N
5-3 3

Apply“ the quadraric formula: [ ox=

Only the positive root makes sensc: x= (77 m
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Example: A Charge Triangle: Consider three point charges at the
corners of a triangle, as shown in Figure, s =200 X 1079 C
(a) Find the components of the force exerted by q2 on q3. ,ﬂ@:_.__..ﬂ'lnl-
(b) Find the components of the force exerted by g1 on g3. |

(c) Find the resultant force on g3, in terms of components and als: : b
in terms ‘'of magnitude and direction. ;

r]j L
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gs = 5.00 % 107Y C.

., o

-~

9.6 .

a2 m ;s L2 AMim

R x
;= 6.00 X 1079 C.

Solution
(a) Find the components of the foree exerted by gs on g,

g - ol s
Find the magnitude of Fye with Coulomb's law: Py = K~

r
(2.00 % 10~% Cy(5.00 x 107" C)

=(8.99 X 10°N-m¥(? p
{ 1 m7/C) {4.00 m)=

Fos = 5.62 X 1079N

-,

g
Because Fog is horizontal and points in the negative

Fyz, = —H62 X 107N
r-direction, the negative of the magnitude gives the

r-component. and the ycomponent is zero: 1_":;1‘3) =0
(b) Find the components of the force exerted by ¢y on ¢y,
. SR = hilgs
Fine the magnitude of Fyg: Fig = lt,llil.:l"'!'
vil |

(6.00 > 10~ C)(5.00 x 14~ )

| . = (8,00 % [0Y N -/ o .
B : P {500 m)-

F13 = 1.08 X 107" N

|
Use the given triangle to find the components:

Fiay = FMscos @ = (108 % 1075 N ycos(37%)
= 863 x 107N

Figy = Fizsin 0 = (1.08 X 107" N)sin(37%)
= 650 X 107N




. () Find the components of the resultant vector.

Sum the x-components to find the resulant F:

5
i

I

3.01 X 107N

 Sum the y-components to find the resultant F: F,=0+ 650X 107N =

\

\

© Find the magnitnde of the resultant force on the charge I_F.l =F24 F2
] v i i ¥
g5 using the Pythagorean theorem: !

—562 X 107N + 863 X 107N

6.50 x 107N

=(3.01 X 1077N)* 4 (6.50 X 107" N)?

7.16 X 107N

B30 X 107N

! )

i . ¥ ’ P ¥ -

- Find the angle the force vector makes with respect to # = tan 1(—-‘—) = tan ‘(
the positive x-axis: Ay

L3.01 X 107N

)= 65.2°

SYSTEM WITH MANY CHARGES:

exerted by other charges.

F, = Force experienced by ¢,
= P+ FRa+Fla+---+RAnN

PRINUCIPLE OF SUPERPOSITION:

— .““ —
Fi=3% Fij
=2

The total force experienced by charge
q1 is the vector sum of the forces on q




