
 
Lasttime
Motionalemf Induced on aconductor thatmoves through

a magnetic field
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Favaday's law A changing magnetic field inducesan electric

field
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Today Inductance and magnetic energy

Achange in IB willgiveriseto an emf
Assume wehave2loops closetoeach other

what is theemf 40 one top me
to achangein current in theother
Run I throughloop1 itproducesa magnetic
field B

Fieldlines fromB will passthroughloop 2
changein flux of B induced emf
inducedcurrent

How much current willbeinduced



Let's lookagain attheloops

To know the currentinduced wewouldneed
to know B due to I

From Biotsavant's law

Fsd

yg
B isproportional to I

If B is proportional to I
the flux throughloop2 will be
proportional to It

I SE 09241k mutualinductancecystatefality
In isproportional to I

we can derive a formulafor Me byexpressing intermsof
thevector potential usingstokes theorem

I B 092 TXA da I dL

stationer

Fromlettuce 15 for aloopofcurrentA
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Neumannformals



My is purely geometrical dependson dl Adl
similar tocapacitance

Ifweswitchtherolesof loop andloop2 it remainsunchanged

My Miz M E mutual inductance

As we vary thecurrenton loop1 weget a change in flux in loop2
that results in an emt

2 12 Mff since I M I

This will induce acurrent on loop 2 givenbyOhm'slaw
Ez Rz Iz

The units for inductance are
MT henry
tnenry IH t.gs In weenfthffee

Example What isthemutual inductance of 2concentriccoplanar
loops of radius R and R2 with R DR 2

Mutualinductance istheproportionality
constant between I and I

I MI
weneed Is weneed B

1 Theconverse is also true I MI wewould
need Ba to calculate I in thiscasethisis
more complicated than B

We will calculateB In lecture 14 wecalculatedthemagnetic
field of a loopof current at apoint inthe z axis
Balt 1072114312 at 2 0
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The magnetic field due to I at the center of theouterloops
B
12 June thira

Sothe flux throughtheloop is
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Bydefinition MI M
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Self inductance

Achangingcument will induce an emf onthesourceloopitself

The field andtheflux is proportional tothe lumentinduced

I LI where LE self inductance

IFthe current changes in time we will have an inducedemf
on the loop

a 2T
Inductance is intrinsically positive
Emf is in a directiontooppose changes incurrent

For this reason we call it back emf

L measuresthe resistance to a change in current
thegreater L the harder to changethe current



Example calculate the self inductance of a solenoidwith N turns
length l and radius R withacument I througheach
turn

solved inthepoll

Energystored in the magnetic field

It takes energy to startcurrent in a circuit with aninductor an inductor opposesanychange in currentthrough it

Ee must do work to overcomethe back emf
This is afixed amount of work and it'srecoverable
We can think rotteenergyas latent thereisenergystoredin the magnetic field Theroleof an inductor in themagneticcase is analogous to thecapacitor in theelectriccase
The work done per unitcharge against theback emf inone to ip around the circuit is E It has a minussignsince itswork donebytheoutside you notthe emf
The amount ofchargeper unit time pasingdownthewire IS I

1 EI Et I LIFE
If E 0 exteaesoy.caseiEegHheanauator
carriesing

1 20 external source takesenergy awayfrom
the inductor

curetreasing

We can obtain thetotalwork done by theexternalsance
to in crease currentfromze o to I byintegrating overtire

fow f LI'dI W ILI



this is equal to the magneticenergystored in an
inductor

VB I recall
ve

Note Energy isstored in an inductor NOTdissipated
This isdifferent from aresistor whereenergyis
dissipated in theformof heat

Example Energystored in asolenoid
Asolenoid with length l and radiusR consistsof Nturnsof wire
A currentpassesthrough it Find the energyinthesystem
VB IL

For a solenoid L Mon I R here n

Using

VB Mon ITRY 12 Mona Is TR 1
For a solenoid B MonI so in terms ofB
Us I leonine

all
LEFT

We can write an expression for themagneticenergydensity

UB Of 22 energyper unitvolume

Ingeneral
Recall
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forelectric
field



RL circuits

E de 0 For circuits w noinductor but this isno
longer true in this case Ends to ifwe tore an inductor

JE.de JB dg Faraday's law

If wehave non steadycurrents we have changing magneticfields
induced current

Since JOE as to VXE 0 we can no longerdefine a potential
theelectricpotential between 2points in a circuit is no longer
well defined

R Ads
We note abattery

EFth a resistor

a switch S
a one loopinductor
B pantingout of
the page

what are the ionsequences ofhavingthe inductor
At 1 0 we closetheswitch
For E 0 I will startfeeling as shown from to as

yalWhat is Ilt For t 0

we need to know what is JE.de aroundthe circuit

1 Thebattery E E isdirectedfrom to oppositetothe
directionofds

2 Theresistor Thereis E acrosstheresistor in thedirectionof the



current E.de 0 GivenbyOthon'slow
E IR so IR

3 Loopinductor Since it has noresistance its contribution E.dz 0

summingall the contributions

E ds E IR

what isthe flux of magleticfield throughthesurface ofthe circuit

We'llconsiderthe area oftheresistor batterynegligible comparedto the loop inductor

g
0 since B pointsout ofthe page In thesamedirection as

dg B 19 0

Fromour definitionofselfinductance

I L I II 29
Now we'llapplyFaraday's law

E d 9
combining and

JE.de LIE IITInstance
We can write this equationas

DV E IR
LIE O resemblesKirchoff'slooprule

sum ofpotentialdropsaround a
closedloopiszero

we specifythe potentialdropacross an inductor
For
9 70 in.is For

QE.co degree



Ji FT iiiEi
Ec Vs V L GE 20

E VsVa 2 9 0
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oppositein FictionaEntasae

In both lase the charge in potential a longthe direction
of F s

vs va l 17

Kirchhoff's loop rule modified for inductors
If an inductor is traversed in the direction ofthecurrent
the potentialchange is_

19 If theinductor is
traversedoppontetonamnynpoanna.at

is L 1
Kichhorf'slooprule was based in JE d 1 0 which is nottrue fire hae inductors in fact it is 2 Et

consider a risingcurrentRCcircuit
R

1 0 closethe switch at 0

Iffy 2 currentdoesn'trise immediately
on to its max valuesincewe
have an inductor

We will solvethis circuitusingmodifiedKirchhoff's rule considering
30



e IR CoE 0

1 off integratingbothsides andusingthat
0 I 0

In l é when t.tt transfer.net
To Io Eir T

Measuresher fast we
gettlemaximum I

We cancalculatethe induced em f
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