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SECTIONA

1aCHARGINGBYINDUCTION:

Electricchargescanbeobtainedonanobjectwithouttouchingit,byaprocesscalled

electrostaticinduction.

Considerapositivelychargedrubberrodbroughtnearaneutral(uncharged)conducting

spherethatisinsulatedsothatthereisnoconductingpathtogroundasshownbelow.

Therepulsiveforcebetweentheprotonsintherodandthoseinthespherecausesa

redistributionofchargesonthespheresothatsomeprotonsmovetothesideofthe

spherefarthestawayfrom therod(fig.1.3a).Theregionofthespherenearestthe

positivelychargedrodhasanexcessofnegativechargebecauseofthemigrationof

protonsawayfrom thislocation.Ifagroundedconductingwireisthenconnectedtothe

sphere,asin(fig.1.3b),someoftheprotonsleavethesphereandtraveltotheearth.If

thewiretogroundisthenremoved(fig1.3c),theconductingsphereisleftwithan

excessofinducednegativecharge.

Finally,whentherubberrodisremovedfrom thevicinityofthesphere(fig.1.3d),the

inducednegativelychargeremainsontheungroundedsphereandbecomesuniformly

distributedoverthesurfaceofthesphere.

DIAGRAM:



3a

Volumechargedensity,ρ= →dQ=ρdV
dQ
dV

Surfacechargedensity,σ= →dQ=σdA
dQ
dA

Linearchargedensity,λ= →dQ=λdL
dQ
dL

3b.ELECTRICPOTENTIALDIFFERENCE

Theelectricpotentialdifferencebetweentwopointsinanelectricfieldcanbedefined

astheworkdoneperunitchargeagainstelectricalforceswhenachargeistransported

from onepointtotheother.ItismeasuredinVolt(v)orJoulesperCoulomb(J/C).

Electricpotentialdifferenceisascalarquantity.

Considerthediagram above,supposeatestcharge ismovedfrom pointAtopointq
o

BalonganarbitrarypathinsideanelectricfieldE.TheelectricfieldEexertsaforce

F= Eonthechargeasshowninfig3.1.Tomovethetestchargefrom AtoBatq
o

constantvelocity,anexternalforceofF=- Emustactonthecharge.Therefore,theq
o

elementalworkdonedW isgivenas:

dW =F.dL… (1)

But

F=- E… (2)q
0

Substitutingequation(2)in(1)yields

dW =- EdL… (3)W-q_0EdL… (3)q
0

Thentotalworkdoneinmovingthetestchargefrom AtoBis:



=- … (4)W(A→B)Ag q
0∫

B

A

EdL

From thedefinitionofelectricpotentialdifference,itfollowsthat:

- = … (5)Puttingequation(4)in(5)yieldsV
B

V
A

W(A→B)Ag

q
0

- =- … (6)V
B

V
A ∫

B

A

EdL

SECTIONB

4a Magneticfluxisdefined asthe strength ofthe magneticfield which can be

representedbylineofforces.ItisrepresentedbythesymbolΦ.mathematicallygiven

asΦ=B.dA

4c.Inthequestionweweregivenparameterssuchas

i.massoftheelectron=9.11x10-31kg

ii.Aradiusof1.4x10-7m

iii.Magneticfieldof3.5x10-1weber\metersquare

Andyouareaskedtofindthecyclotronfrequencywhichisequalorthesamethingas

angularspeed.Itis called cyclotron frequencybecause itis a frequencyofan

acceleratorcalledcyclotron.

Recallthatangularspeedisgivenasω=v/r=qB/m

Substitutingwehaveω=v/r=qB/m=1.6x10⌃-10x3.5x10⌃-10

9.11x10⌃-31

qB/m=(1.6×〖10〗 (̂-19)x3.5x10⌃-1)/(9.11x10⌃-31)=62222222222.22222T-1

SOsincecyclotronfrequencyisequaltoangularspeedthecyclotronfrequencyisequal

to=62222222222.22222T-1,havingaunitas1\Twhichisequaltotheunitoffrequency

dimensionally.

5a.Biot-savartlawstatesthatthemagneticfieldisdirectlyproportionaltotheproduct

permeabilityoffreespace(µ),thecurrent(I),thechangeinlength,theradiusand

inverselyproportionaltosquareofradius(r2).Itcanberepresentedmathematicallyby

dB⃗=μ_o/4π(Idl⃗ ×r̂ )/r̂2

whereμ_oisaconstantcalledPermeabilityoffreespace.



μ_o=4π×〖10〗 (̂-7)T.m/A

TheunitofB⃗isweber\metresquare

5b.MagneticFieldofaStraightCurrentCarryingConductor

AsectionofaStraightCurrentCarryingConductor

ApplyingtheBiot-Savartlaw,wefindthemagnitudeofthefieldd
⃗
B

B=
Iμ

o

4π∫
a

-a

dlsinφ

r2

sin =sinθ(π–φ)

∴ B=
Iμ

o

4π∫
a

-a

dlsin(π-φ)

r2

From diagram, = + (Pythagorastheorem)r2 x2 y2

B= … (*)
Iμ

o

4π∫
a

-a

dlsin(π–φ)

+x2 y2

Butsin = = … (**)(π-φ)
x

+x2 y2

x

( +x2 y2)1 2

Substituting(**)into(*),wehave

B=
Iμ

o

4π∫
a

-a

dl
x

+ )(x2 y2( +x2 y2)1/2

B=
Iμ

o

4π∫
a

-a

dl
x

( +x2 y2)3/2

Recalldl=dy



B=
Iμ

o

4π∫
a

-a

dy
x

( +x2 y2)3 2

B= … (***)
Ixμ

o

4π∫
a

-a

dy
1

( +x2 y2)3/2

Usingspecialintegrals:

=∫ dy

+ )(x2 y2 3/2

1

x2

y

( + )x2 y2 1/2

Equation(***)thereforebecomes

B=
Ixμ

o

4π[ y

x2( +x2 y2)1 2]
a

-a

B=
Ixμ

o

4π( 2a

x2( +x2 a2)1 2)
B=

Iμ
o

4πx( 2a

( +x2 a2)1 2)
Whenthelength2aoftheconductorisverygreatincomparisontoitsdistance

xfrom pointP,weconsideritinfinitelylong.Thatis,whenaismuchlargerthan

x,

≅ a,asa→⛨( + )x2 a2 1/2

∴ B=
Iμ

o

2πx

Inaphysicalsituation,wehaveaxialsymmetryaboutthey-axis.Thus,atall

pointsinacircleofradiusr,aroundtheconductor,themagnitudeofBis

B= … (#)
Iμ

o

2πr

Equation(#)definesthemagnitudeofthemagneticfieldoffluxdensityBnear

along,straightcurrentcarryingconductor.


