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PROBLEM 4.1.ThevalueofEatP(ρ=2,φ=40◦,z=3)isgivenasE=100aρ

−200aφ+300azV/m.DetermineTheincrementalworkrequiredtomovea

20µCchargeadistanceof6µm inthedirectionof:(a)aρ;(b)aφ;(c)az;(d)

E(d)G=2ax−3ay+4az.

Solution.

a)Inthedirectionofaρ:TheincrementalworkisgivenbydW =−qE·dL,

whereinthiscase,dL=dρaρ=6×10̄⁶aρ.

Thus

dW =−(20×10̄⁶C)(100V/m)(6×10̄⁶m)

=−12×10−9J

=−12nJ

b)Inthedirectionofaφ:InthiscasedL=2dφaφ=6×10−6aφ,andso

dW =−(20×10̄⁶)(−200)(6×10̄⁶)

=2.4×10−8J

=24nJ

c)inthedirectionofaz:Here,dL=dzaz=6×10̄⁶az,andso

dW =−(20×10̄⁶)(300)(6×10̄⁶)

=−3.6×10̄⁸J

=−36nJ

d)inthedirectionofE:Here,dL=6×10̄⁶aE,where

aE=100aρ−200aφ+300az/[100²+200²+300²]½

=0.267aρ−0

.

535aφ+0.802az

Thus

dW =−(20×10̄⁶)[100aρ−200aφ+300az]·[0.267aρ−0.535aφ+0.802

az](6×10̄⁶)

dW=−44.9nJ

e)InthedirectionofG=2ax−3ay+4az:Inthiscase,dL=6×10̄⁶aG,

where

aG=2ax−3ay+4az/[2²+3²+4²]½

=0.371ax−0.557ay+0.743az

Sonow

dW =−(20×10̄⁶)[100aρ−200aφ+300az]·[0.371ax−0.557ay+0.743

az](6×10̄⁶)

=−(20×10̄⁶)[37.1(aρ·ax)−55.7(aρ·ay)−74.2(aφ·ax)+111.4(aφ·ay)

+222.9](6×10̄⁶)
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where,atP,(aρ·ax)=(aφ·ay)=cos(40°)=0.766,(aρ·ay)=sin(40°)=

0.643,and

(aφ·ax)=−sin(40°)=−0.643.Substitutingtheseresultsin

dW =−(20×10̄⁶)[28.4−35.8+47.7+85.3+222.9](6×10̄⁶)

=−41nJ

PROBLEM 4.2.

LetE=400ax−300ay+500azintheneighborhoodofpointP(6,2,−3).Find

theincrementalworkdoneinmovinga4-Cchargeadistanceof1mm inthe

directionspecifiedby:

Solution.

a)ax+ay+az:Wewrite

dW =−qE·dL

=−4(400ax−300ay+500az)·[(ax+ay+az)/√3](10̄³)

=−(4×10̄³)√3(400−300+500)

=−1.39J

b)−2ax+3ay−az:Thecomputationissimilartothatofparta,butwechange

thedirection:

dW =−qE·dL

=−4(400ax−300ay+500az)·[(−2ax+3ay−az)/√14](10̄³)

=−(4×10̄³)√14(−800−900−500)

=2.35J

PROBLEM 44.3.

IfE=120aρV/m,findtheincrementalamountofworkdoneinmovinga50

µm chargeadistanceof2mm from:

Solution.

a)P(1,2,3)towardQ(2,1,4):ThevectoralongthisdirectionwillbeQ−P=(1,

−1,1)from whichaPQ=[ax−ay+az]/√3.Wenowwrite

dW =−qE·dL

=−(50×10̄⁶)[120aρ·{(ax−ay+az)/√3}](2×10̄³)

=−(50×10̄⁶)(120)(aρ·ax)−(aρ·ay)[1/√3](2×10̄³)

AtP,φ=tan̄¹(2/1)=63.4◦.Thus(aρ·ax)

=cos(63.4)=0.447and(aρ·ay)

=sin(63.4)

=0.894.Substitutingthese,weobtain

dW =3.1µJ.

b)Q(2,1,4)towardP(1,2,3):Alittlethoughtisinorderhere:Notethatthe

fifieldhasonlyaradialcomponentanddoesnotdependonφorz.Notealso

thatPandQareatthesameradius(√5)from thezaxis,buthavedifferentφ
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andzcoordinates.Wecouldjustaswellpositionthetwopointsatthesamez

locationandtheproblem wouldnotchange.Ifthiswereso,thenmoving

alongastraightlinebetweenPandQwouldthusinvolvemovingalonga

chordofacirclewhose

radiusis√5.Halfwayalongthislineisapointofsymmetryinthefield(make

asketchtosee

this).Thismeansthatwhenstartingfrom eitherpoint,theinitialforcewillbe

thesame.Thusthe

answerisdW =3.1µJasinparta.Thisisalsofoundbygoingthroughthe

sameprocedureas

inparta,butwiththedirection(rolesofPandQreversed.

PROBLEM 4.5.

Computethevalueof G·dLforG=2yaxwithA(1,−1,2)andP(2,1,2)

usingthepath;

Solution.

a)straight-linesegmentsA(1,−1,2)toB(1,1,2)toP(2,1,2):Ingeneralwe

wouldhave

_x0005_

G·dL=_x0005_ 2ydx

ThechangeinxoccurswhenmovingbetweenBandP,duringwhichy=1.

Thus

G·dL= 2ydx= 2(1)dx=2

b)straight-linesegmentsA(1,−1,2)toC(2,−1,2)toP(2,1,2):Inthiscasethe

changeinxoccurswhenmovingfrom AtoC,duringwhichy=−1.Thus

G·dL= A2ydx= _x0005_2(−1)dx=−2

PROBLEM 4.7.

RepeatProblem 4.6forG=3xy3ax+2zay.Nowthingsaredifferentinthat

thepathdoesmatter:

Solution.

a)straightline:y=x−1,z=1:Weobtain:

G·dL= 3xy²dx+ 2zdy= 3x(x−1)²dx+ 2(1)dy

=90

b)parabola:6y=x2+2,z=1:Weobtain:
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G·dL= 3xy²dx+ 2zdy=_x0005_ 1/12x(x²+2)²dx+_x0005_

2(1)dy

=82


