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SECTIONA

1a. ChargingbyInduction:

Electricchargescanbeobtainedonanobjectwithouttouchingit,byaprocess

calledelectrostaticinduction.

Considera positivelycharged rubberrod broughtneara neutral(uncharged)conducting

spherethatisinsulatedsothatthereisnoconductingpathtogroundasshownbelow.The

repulsiveforcebetweentheprotonsintherodandthoseinthespherecausesaredistribution

ofchargesonthespheresothatsomeprotonsmovetothesideofthespherefarthestaway

from therod(fig.1.3a).Theregionofthespherenearestthepositivelychargedrodhasan

excessofnegativechargebecauseofthemigrationofprotonsawayfrom thislocation.Ifa

groundedconductingwireisthenconnectedtothesphere,asin(fig.1.3b),someoftheprotons

leavethesphereandtraveltotheearth.Ifthewiretogroundisthenremoved(fig1.3c),the

conductingsphereisleftwithanexcessofinducednegativecharge.

Finally,whentherubberrodisremovedfrom thevicinityofthesphere(fig.1.3d),

theinducednegativelychargeremainsontheungroundedsphereandbecomes

uniformlydistributedoverthesurfaceofthesphere.

Diagram:



1c.



1c.continued



3a.

(i) Volumechargedensity,ρ=
dQ

dV
→dQ=ρdV

(ii) Surfacechargedensity,σ=
dQ

dA
→dQ=σdA

(iii) Linearchargedensity,λ=
dQ

dL
→dQ=λdL



3b. ELECTRICPOTENTIALDIFFERENCE

Theelectricpotentialdifferencebetweentwopointsinanelectricfieldcanbe

defined astheworkdoneperunitchargeagainstelectricalforceswhena

chargeistransportedfrom onepointtotheother.ItismeasuredinVolt(v)or

JoulesperCoulomb(J/C).Electricpotentialdifferenceisascalarquantity.

Considerthediagram above,supposeatestchargeq
o

ismovedfrom pointAto

pointBalonganarbitrarypathinsideanelectricfieldE.TheelectricfieldE

exertsaforceF=q
o
Eonthechargeasshowninfig3.1.Tomovethetestcharge

from AtoBatconstantvelocity,anexternalforceofF=-q
o
Emustactonthe

charge.Therefore,theelementalworkdonedW isgivenas:

dW =F.dL … (1)

But

F=-q
0
E … (2)

Substitutingequation(2)in(1)yields

dW =-q
0
EdL … (3)W-q_0EdL … (3)

Thentotalworkdoneinmovingthetestchargefrom AtoBis:

W(A→B)
Ag

=-q
0∫

B

A

EdL … (4)

From thedefinitionofelectricpotentialdifference,itfollowsthat:

V
B

-V
A

=
W(A→B)

Ag

q
0

… (5)Puttingequation(4)in(5)yields

V
B

-V
A

=-∫
B

A

EdL … (6)



SECTIONB.

4a.magneticfluxisdefinedasthestrengthofthemagneticfield

whichcanberepresentedbylineofforces.Itisrepresentedby

thesymbolΦ.mathematicallygivenasΦ=B.dA

4b.

4c.Inthequestionweweregivenparamiterssuchas

i.massoftheelectron=9.11x10-31kg



ii.Aradiusof1.4x10-7m

iii.magneticfieldof3.5x10-1weber\metersquare

andyouareaskedtofindthecyclotronfrequencywhichisequal

orthesamethingasangularspeed.itiscalledcyclotron

frequencybecauseitisafrequencyofanacceleratorcalled

cyclotron.

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

SOsincecyclotronfrequencyisequaltoangularspeedthe

cyclotronfrequencyisequalto=62222222222.22222T-1,havinga

unitas1\Twhichisequaltotheunitoffrequencydimensionally.

5b.Biot-savartlawstatesthatthemagneticfieldisdirectly

proportionaltotheproductpermeabilityoffreespace(µ),the

current(I),thechangeinlength,theradiusandinversely

proportionaltosquareofradius(r2).Itcanberepresented

mathematicallyby



d
⃗
B=

μ
o

4π

Id
⃗
l×

̂
r

r2

whereμ
o

isaconstantcalledPermeabilityoffreespace.

μ
o

=4π×10-7T.
m

A

Theunitof
⃗
Bisweber\metresquare

5b.MagneticFieldofaStraightCurrentCarryingConductor

Fig1:AsectionofaStraight Current

CarryingConductor

Applying the Biot-Savartlaw,we find the

magnitudeofthefieldd
⃗
B

B=
μ

o
I

4π∫
a

-a

dlsinφ

r2

sin(π–φ)=sinθ

∴B=
μ

o
I

4π∫
a

-a

dlsin(π-φ)

r2

From diagram,r2=x2+y2(Pythagorastheorem)

B=
μ

o
I

4π∫
a

-a

dlsin(π–φ)

x2+y2 … (*)

Butsin(π-φ)=
x

x2+y2
=

x

(x2+y2)
12

… (**)

Substituting(**)into(*),wehave

B=
μ

o
I

4π∫
a

-a

dl
x

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



B=
μ

o
I

4π∫
a

-a

dl
x

(x2+y2)3/2

Recalldl=dy

B=
μ

o
I

4π∫
a

-a

x

(x2+y2)
32

dy

B=
μ

o
Ix

4π∫
a

-a

1

(x2+y2)3/2dy … (***)

Usingspecialintegrals:

∫dy

(x2+y2)
3/2=

1

x2

y

(x2+y2)
1/2

Equation(***)thereforebecomes

B=
μ

o
Ix

4π[ y

x2(x2+y2)
12]

a

-a

B=
μ

o
Ix

4π(
2a

x2(x2+a2)
12)

B=
μ

o
I

4πx(
2a

(x2+a2)
12)

Whenthelength2aoftheconductorisverygreatincomparisontoitsdistance

xfrom pointP,weconsideritinfinitelylong.Thatis,whenaismuchlargerthan

x,

(x2+a2)
1/2
≅a,asa→∞

∴B=
μ

o
I

2πx

Inaphysicalsituation,wehaveaxialsymmetryaboutthey-axis.Thus,atall

pointsinacircleofradiusr,aroundtheconductor,themagnitudeofBis

B=
μ

o
I

2πr
… (#)

Equation(#)definesthemagnitudeofthemagneticfieldoffluxdensityBnear

along,straightcurrentcarryingconductor.




