Chapter A
Electric Charges and Electric Fields

Blinn College - Physics 2426 - Terry Honan

Properties of Charge

There are two types of electric charge. Like charges repel and unlike attract.

We canlabelthetypeswith signs. Thechoiceof positiveandnegatives arbitrary.

Electric charge is conserved.

The otherfundamentallyconservedjuantitiesare: energy linear momentumand angularmomentumthesewerediscussedn the
first semestemechanicgourse. A conservedjuantitycannotbe createdor destroyed.To chargea body onecanaddchargedo it or
removechargedrom it.

Electric charge is quantized.

Any chargeis anintegermultiple of thefundamentathargee. Theunit of chargeis C = Coulombs whichis considerec
fundamentalnit in the Sl system.

O=ne, wheree=1.602110 1°C

The definition of the Coulombwill begivenlater,whenwe discusghe magnetidorce betweerntwo conductors.Takethevalueof the
fundamentathargees asour tentativedefinition.

Normal matterconsistf protons,neutronsandelectronswith chargeshownhere.

Particle | Charge
proton +e
neutron 0

electron| -e

It is clearthatany combinationof thesewill satisfy the chargequantizatiorrule Q = ne.

Aside on Quarks

Quarksare particleswith fractional chargethat combineto form a classof particlescalled hadronswhich includesprotonsanc
neutrons. Normal matterconsistsof combinationof two quarks:theup quarku andthedown quarkd. The electronis not madeup
of quarksandis believedto befundamental.
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Quark | Charge
u + 2 e
3
d 1 e
3

The existenceof fractionally chargedquarksonly occurin integerchargedcombinationsn nature. Combinationswith threequark
form a classof particlescalledbaryonsneutronsand protonsare examples. In additionto quarksthereare antiquarkswhich arethe
antiparticlecounterparbf quarks;antiparticlesare particlesof the samemassbut havethe oppositecharge. Threeantiquarksmake
antibaryons.Also, aquarkg andanantiquarkg combineto form a classof particlescalledmesons.

Particle Quark Content
proton uud
neutron udd
antiproton uud
antineutron udd
positivepion ud
negativepion ud

In additionto the up anddown quarkstherearefour more quarks:the strangequarks, the charmedquarke, the bottomquarkd
andthetop quarks. The charmedandtop havethe samechargeasthe up quarkandthe strangeandbottomhavethe camechargeas
thedown. Theseexoticquarksdo notoccurin usualmatterbut maybe createcdby sufficiently powerfulaccelerators.

Coulomb's Law

Thefirst understoodf the fundamentaforceswasgravity, which wasdescribedy Newtonwith his law of universalgravitation
Coulombsuccessfullydescribedhe electrostatidorce betweerchargedy analogyto gravity.

Review of Gravity

Newton'slaw of gravity is aninversesquardaw betweerpoint masses.If m| andm, arepoint masseseparatedy distance- the
magnitudeof theforce betweerthemis
m My
F=G .
r2

This canbe written asa vectorexpression.Let 7|, be the vectorfrom mass1 to mass2 andlet F |, be the force on mass2 dueto
massl.
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Note thata unit vectoris denoteday a" ™" placedoverthe symbolandavectorhasa "1 " overit. A vectorA divided by its magni

tudeA = || A || is aunitvector A= K Soit follows thatthe unit radialvectorr is the positionvectordivided by r, its magnitude. The

two vectorexpressiongboveareequivalentbecause

T
f=-
r

“oo| -
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_— — =
2

Coulomb's Law

Coulombfoundthe force law for electrostatichy analogyto gravity. Massis the gravitationalanalogof charge. Therearetwc
key differencesbetweerthe electricand gravitationalcases. Electric chargecan be positive or negativebut massis alwayspositive
The force betweenwo massess attractivebut the force betweerlike chargess repulsive. Theelectricforceis aninversesquardaw

betweenpointcharges.The magnitudeof theforceis

1Q111Q2]
Fok 122
r

wherethe absolutevaluesguarantee positive result. To geta vectorexpressiorwe mustinclude both possibilities,attractiveanc
repulsive. In the caseof like chargeD; 0, > 0 andunlike chargesgjive 0y 0, <O0.
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Fipo=ke—5—r12
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Note thatthe aboveexpressiongliffer from the gravitationalresultby a sign. This is becausen the gravitationalcasethereare only
like "charges'({masss positive)andit is attractivebutin theelectriccaselike chargesepel.

The constantke is a universalconstant,like Newton'sgravitationalconstantG. It is relatedto anotherconstant! ;, which is

usuallytakenasmorefundamental.

C2
lp=8.85u10 12 ——
2
N@h
m2
ke » >9.0u10° NG—
4p!ly c?

To find the force on a chargedueto a distributionof chargeoneaddsthe forcesdueto eachchargein the distribution. Forceis &
vectorandthis additionis thenvectoraddition..

The Electric Field

The gravitationalanalogof electricfield E isthe gravitationalfield g. To definethe gravitationalfield, we find theforceF one
testmassng anddivide thetestmassinto it.
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_F
g=—.
mo

We definetheelectricfield similarly. FindtheforceF on atestchargeg, anddivide thetestchargeinto it.

=l

The direction of the electricfield is the direction of the force on a positive testcharge;thus, it pointstoward negativechargesanc
awayfrom positivecharges.

Field of a Point Charge

The electricfield for a point chargeQ canbe found usingthe prescriptionabove. Takethe vectorr to be the vectorfrom Q tc
somepointP. To getE dueto Q atP, first find theforceon atestchargey, placedatP usingCoulomb'daw.

- Qqp ~ Qqo
F:ke r:ke r
r2 r

Dividing by ¢ gives
?

R r
E=k — =k
eQ > eQ 3

r r

The magnitudeof thefield is givenby

E= 1= ko o
= = ke —

2
wherethe absolutevalue of the chargeforcesthe resultto be positive, asthe magnitudeof a vectormust. Sincer is the radial unit

vector(pointingawayfrom the chargethenthedirectionof Eis givenby! r, whereis signis the sameasfor Q.

Principle of Superposition

To find the field for more complexchargeconfigurationswe usethe principle of superposition. A chargedistribution may be
viewedasa collectionof point charges. The electricfield dueto thatdistributionis the sum(or integral) over the fields dueto point
charges.We will considerfirst the caseof a discretedistribution,wherethereis a collectionof point chargesandthenthe caseof a
continuoudistribution,wherethe chargeis spreactontinuouslyoveraline, surfaceor avolume.

Discrete Distribution

We wantthefield ata point P dueto charge®;. Takethevectorr; to bethevectorfrom Q; to P. Thefield is

r

E=ke) 0i —=ke ) 0i =
i ] | |

IR I



Chapter A - Electric Charges and Fields |5

Continuous Distribution

We wantthefield at a point P dueto a continuoudistributionof charge. In this casewe breakup the distributioninto aninfinite
numberof infinitesimal pieceswherethe chargeof aninfinitesimal pieceis a4.

P
]
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[I]]]]] \
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Interactive Flgure

Summingoverthed g consistof evaluatinganintegral. TakeQ to bethetotal chargewriting thisasthesumoverall & g gives
0= |ag.

Takethevectorr to bethevectorfrom d g to P. Thefield is

_ r 7
E:kef—éq:kef—éq
2 3

The aboveintegrals,althoughtheylook like indefinite integrals,arevaguelydefineddefinite integrals,wherethe integrationvariable:
andlimits mustbe determinedn a caseby casebasis.

Using Integrals to Calculate Electric Flelds

1. Mathematically break up the distribution into an infinite number of infinesimal pieces. This requires choosing an integration variable and its limits.

2. Find d q, the infinesimal charge of each infinesimal piece. You must write the d q in terms of the differential d of the integration variable.

3. Write an expression for T, the vector from d g to the point P where the value of the field is wanted. Note that I is the magnitude of T.

=

. Put the pieces together to form a properly-defined definite integral and evaluate the integral.
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Example - Uniform Line of Charge

Y0

_L)2

Interactive Flgure

Consideraline of uniform chargeQ alongthex-axisfrom- L/2to L/2.

(a) Whatis theelectricfield alongthex-axis atxg, wherexy > L/2?

Choosex astheintegrationvariablewith limits: - % o xo %

Thechargebetweenc andx + xis: 8¢ = % ax.

Thevectorfrom &4 (atx) toxg is: 7= x (xo - x). Thus:ir=x andr=|7| = |x0 - x| =xp- X

N r L/2 X L/2 éx
E:kef—éq:kef _* L-i k—f
2 L2 (xp- x)? L L/2 (x - x)?

(b) Whatis theelectricfield alongthe positivey-axis atyg?

It is the samechargedistributionsothefirst two stepsarethesame: % o xo % and aqg =

Thevectorfromé&gq (atx) toyg is: 7=yyp- xx= ( X, yo).

- P L2 (-xy) O
E:kef—aq:kef 0 Zas
I’3 L/2(x +y )3/2 L
By symmetrytheintegralfor thex-components zero,leavingonly they-component.

. \k 0 fL/z ax
=Yke — o T an
L L/2(x +y )3/2
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Example - Uniform Ring of Charge

Interactive Flgure
Considerathin ring of radiusR with uniform chargeQ in thexy-planewith the centerattheorigin
(a) Whatis theelectricfield attheorigin

Becausef symmetryE = 0.

(b) Whatis theelectricfield alongthe positivez-axisatzy?

Becausef symmetrywe canconcludethatthefield mustbein thez-direction.

- 7 .
E:kef—éq:ZEz
},3
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(R + 2 (R + 2)*? (R + 2
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Field Diagrams

The electricfield is a vectorfield. This meansthatat eachpositionin spacethereis a vector. The usualway of representing
generalvectorfield is to drawa grid with avectorat eachpointin thegrid.

Point Charge Field - Vectors on a Grid

Suchdiagramshowever,canget quite complicatedn the caseof electricfields; onegetsa tangledmessof overlappingarrows. The
conventionthatis usedis to draw continuouscurvesshowingonly the directionof thefield at someposition. Thefield linesbeginat
positive chargesand end at negativecharges. We will seethat the densityof lines is a measureof the strength(magnitude)of the
field.

Considerthefield of a positivepoint chargethefield linespoint radially awayfrom the charge.

Point Charge Field - Continuous Curves

Different concentricsphereswith the chargeat the centerwill havethe samenumberof lines passinghroughit. Theareaof a sphert
is A=4pr?, soif wetakethenumberof linesperareawe get:

#oflines 1

Area 2

where"" " is theproportionalsymbol. Theelectricfield magnitudds alsoproportionalto Lz It follows that
r

# of lines
magof field=E" ——.

Area
This givesthe graphicalinterpretationof the magnitudeof the field. Whenthe lines are closetogetherthe field is strongandwher
theyarefar apartit is weak.
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Electric Dipole

Q| =- Q isthechargeontheleft andQr = +Q isthechargeontheright.

Two Positive Charges

Q) > 0 isthechargeontheleft andQgr > 0 is thechargeontheright. Also Q| < Og.
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One Positive, One Negative, Net Charge Negative

Q| <0 isthechargeontheleft andQr > O is thechargeontheright. Also Q| + Or<0.



