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SECTIONA

1a. ChargingbyInduction:

Electricchargescanbeobtainedonanobjectwithouttouchingit,byaprocesscalled

electrostaticinduction.

Considerapositivelychargedrubberrodbroughtnearaneutral(uncharged)conductingspherethatis

insulatedsothatthereisnoconductingpathtogroundasshownbelow.Therepulsiveforcebetweenthe

protonsintherodandthoseinthespherecausesaredistributionofchargesonthespheresothatsome

protonsmovetothesideofthespherefarthestawayfrom therod(fig.1.3a).Theregionofthesphere

nearestthepositivelychargedrodhasanexcessofnegativechargebecauseofthemigrationofprotons

awayfromthislocation.Ifagroundedconductingwireisthenconnectedtothesphere,asin(fig.1.3b),

someoftheprotonsleavethesphereandtraveltotheearth.Ifthewiretogroundisthenremoved(fig

1.3c),theconductingsphereisleftwithanexcessofinducednegativecharge.

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

inducednegativelychargeremainsontheungroundedsphereandbecomesuniformly

distributedoverthesurfaceofthesphere.

Diagram:



1c.



1c.continued



2a.Anelectricfieldcanbedefinedasaregionofspacearoundwhicha

chargedbodywillexperienceanelectricforcewhileanelectricfield

intensitycanbedefinedastheforceperunitcharge.

3a.

(i) Volumechargedensity,ρ= →dQ=ρdV
dQ

dV



(ii) Surfacechargedensity,σ= →dQ=σdA
dQ

dA

(iii) Linearchargedensity,λ= →dQ=λdL
dQ

dL

3b.ELECTRICPOTENTIALDIFFERENCE

Theelectricpotentialdifferencebetweentwopointsinanelectricfieldcanbedefinedas

theworkdoneperunitchargeagainstelectricalforceswhenachargeistransportedfrom

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

potentialdifferenceisascalarquantity.

Considerthediagram above,supposeatestcharge ismovedfrom pointAtopointBq
o

alonganarbitrarypathinsideanelectricfieldE.TheelectricfieldEexertsaforceF= Eq
o

onthechargeasshowninfig3.1.Tomovethetestchargefrom AtoBatconstant

velocity,anexternalforceofF=-E=-q_oEmustactonthecharge.Therefore,theq
o

elementalworkdonedWisgivenas:

dW=F.dL … (1)

But

F=-E … (2)q
0

Substitutingequation(2)in(1)yields

dW=-EdL … (3)q
0

ThentotalworkdoneinmovingthetestchargefromAtoBis:

=- … (4)W(A→B)
Ag

q
0∫

B

A

EdL



Fromthedefinitionofelectricpotentialdifference,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.magneticfluxisdefinedasthestrengthofthemagneticfieldwhich

canberepresentedbylineofforces.Itisrepresentedbythesymbol

Φ.mathematicallygivenasΦ=B.dA

4b.



4c.Inthequestionweweregivenparamiterssuchas

i.massoftheelectron=9.11x10-31kg

ii.Aradiusof1.4x10-7m

iii.magneticfieldof3.5x10-1weber\metersquare

andyouareaskedtofindthecyclotronfrequencywhichisequalorthe

samethingasangularspeed.itiscalledcyclotronfrequencybecauseitisa

frequencyofanacceleratorcalledcyclotron.

Recallthatangularspeedisgivenasω= =
v

r

qB

m

Substitutingwehaveω= = =1.6x10⌃-10x3.5x10⌃-10
v

r

qB

m

9.11x10⌃-31

= =62222222222.22222T-1qB

m

1.6× x3.5x10⌃-110-19

9.11x10⌃-31

SOsincecyclotronfrequencyisequaltoangularspeedthecyclotron

frequencyisequalto=62222222222.22222T-1,havingaunitas1\T

whichisequaltotheunitoffrequencydimensionally.

5b.Biot-savartlawstatesthatthemagneticfieldisdirectlyproportionalto

theproductpermeabilityoffreespace(µ),thecurrent(I),thechangein

length,theradiusandinverselyproportionaltosquareofradius(r2).It



canberepresentedmathematicallyby

d =
⃗
B

μ
o

4π

Id ×
⃗
l

̂
r

r2

where isaconstantcalledPermeabilityoffreespace.μ
o

=4π× T.μ
o

10-7 m

A

Theunitof isweber\metresquare
⃗
B

5b.MagneticFieldofaStraightCurrentCarryingConductor

Fig1:AsectionofaStraight Current

CarryingConductor

ApplyingtheBiot-Savartlaw,wefindthe magnitudeof

thefieldd
⃗
B

B=
Iμ

o

4π∫
a

-a

dlsinφ

r2

sin =sinθ(π–φ)

∴B=
Iμ

o

4π∫
a

-a

dlsin(π-φ)

r2

Fromdiagram, = + (Pythagorastheorem)r2 x2 y2

B= … (*)
Iμ

o

4π∫
a

-a

dlsin(π–φ)

+x2 y2

Butsin = = … (**)(π-φ)
x

+x2 y2

x

( +x2 y2)12

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)32

B= … (***)
Ixμ

o

4π∫
a

-a

dy
1

( +x2 y2)3/2

Usingspecialintegrals:

=∫ dy

+ )(x2 y23/2

1

x2

y

( + )x2 y21/2

Equation(***)thereforebecomes

B=
Ixμ

o

4π[ y

x2( +x2 y2)12]
a

-a

B=
Ixμ

o

4π( 2a

x2( +x2 a2)12)
B=

Iμ
o

4πx( 2a

( +x2 a2)12)
Whenthelength2aoftheconductorisverygreatincomparisontoitsdistancexfrom

pointP,weconsideritinfinitelylong.Thatis,whenaismuchlargerthanx,

≅a,asa→⛨( + )x2 a21/2

∴B=
Iμ

o

2πx

Inaphysicalsituation,wehaveaxialsymmetryaboutthey-axis.Thus,atallpointsina

circleofradiusr,aroundtheconductor,themagnitudeofBis

B= … (#)
Iμ

o

2πr

Equation(#)definesthemagnitudeofthemagneticfieldoffluxdensityBnearalong,



straightcurrentcarryingconductor.


