
 

Lecture 12 Electromotive force
Kirchhoff's rules

Last time
Electric current

I 9 in terms ofgrey
I S I.de

E lecturecurrent density

I In where n is the charges unit volume

1 Isthevel of charges
P I p is theresistivity

Continuity equation
V I 2 0 conservation ofcharge

Ohm's law

I o E microscopic where
0 1 9 conductivity

R I macroscopic where R resistance

Today EMF Electromotive force not a force

consider a circuit is made of

ribs L to abattery aresistor w resistanceR

a É let thepotentialdifferencebe

vlalvaa.LI
DV Vb Va30

If a charge Δ y is movedfrom a to b it's potential is
increased

DV ΔqΔV
As it moves throughthe resistor it willdissipateenergy
so uponreturning to a thepotentialenergy ofDq isuncharged

The rate ofenergy loss through theresistor
P I IAV spedby



At thePlatageYounce

battery
Yuri t.IE YurTYentrgy9steerha to
as the

EMF.geeI iigietoneiIunit chargein the direction

E Volt

Thoughts on EMF

We can think of it as achargepump thatmovescharge from
regions of lowerpotentialtohigherone

Batteries solarcellsthermocouples are examplesofsources
of emf
Not a force

F that Thea threeponents

DV E emf

FIJI yeggggggggmgffgyteggina
Waste Pathwaytertial III decreases by an

Uponcompleting a loop the netchange in potentialdifference
is zero

E IR 0 Kirchoff's second rule
Aroundclosedloopsthe sum of

the emf potentialdrops O

W q f E Is 0 this isdueto the conservativenature
of the electrostatic field

Important conventionsregarding emf
thissymbol indicates em f Longerline is terminal

shorter line is terminal
In circuits current flows from to



Solving circuits

Resistors in seriesand parallel
solving circuits Determine thecurrents andvoltages

throughall the elements

a mÑ wo Tworesistors R and R connected

IT I genesthrough a voltagesoure

The lament travelingthroughboth
resistorsis the same

Italy'ettdpPactsinaiatuagtes.fi's
c is the sum ofthe

DV IR IR I R R2

The two resistors can be replacedbyone eqresistanceReg
DV IRey Req R R

We can extend thisargumentto N resistors

Req R R2tERT Forresistors in series

Forresistors connected in parallel
f Wehave 2 resistors R andR2 connetted in

parallelacross a voltagesourceDV
afÉÉfto the current I thatpassesthroughthe

voltagesource is split into I and Iz
Eff that passthrough R and Rz

The potentialacrosseachresistoristhesame

Δ V AV ΔV2
For each resistor we canwriteOhm's law

ΔV R I ΔV R Fz
bycurrentconservation
I I Is Av t



R R

equ.TTentstsfaicelavallel we canreplace R andRabythe

We can extend this for Nresistors Nt.fi iIt connection

Kirchhoff's circuit rules

Rule 1 junction rule

ΣInΣIouT
For this example

I IztIz

At anypoint where we have a lunction the sum of
thecurrentsinto the node must equal the sum ofthe
currents out of thenode

Rule 2 Loop Rule

The sum of the voltagedrops DV acrosscircuit elements
thatform a closed circuit is zero

1 aTj
Usingthese 2 rules Ch m low we cansolveany circuit
We can use the followingconventions

higher nf lower

floor
higher v

DV Vg Vg

IRy
I ÉÉ



EEEE.is it
ΔV Vb Va E

indicatesthetraveldirection

Example A multiloop circuit

Wehave twosourcesof emf E and Eze II of
we know alltheresistances R ReRs

IT R2 what isthecurrent througheach resistorftp ieIfwenavesunknownsI Iz.Is wefunaEon

a ny
First weapply Rule 1 to junctions
For node b

Em
To obtain 2moreequations we use the loop rate Theretpotential
differenceacross a closedloopis zero
Goingacross befc in a lochwise direction thevoltages are

I zR E I R Ez 0

Traversing loop aloc d clockwiseyields
Ez I R I R 0

sotheequationswe need to solve are

Iz I Iz
I R2 E I R 62 0

thedirection of Iz isEz I R Is Rs 0 attend me

after doingalgebra we get
F

EII.IE
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RC circuit

Charging a capacitor

CITY At to switch isopen thereis novoltage
acrossthecapacitor

I At t o weclosetheswitch current
beginsto flow

Io
EEEesa yeiieastteetine'at c Thor

Thiswill initiate chargingofthe capacitor

As thecapacitorcharges Voltageacross it increases in time
V t Remember C

How muchchange is stored in the plates

EEE IEEE EE
DV Vg Va DV Vb Va

c.IE mf
App'sloop rule in a clockwisedirection

fiEE 0
I

p or sister EfE E d R 04

Ominimtmcaeta.it.in IItorea Eo
I t R E Va t once Vcreaches angst
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Eq gives us a relationbetweentherate ofchange ofcharge
and charge in capacitor

1 E

q g Idt integratingboth sides

S stat
In 11 Ec

lqltl.ee 1 etire Ql1 EtK
where is the max chargestoredinplates

a are
intense

theexponential

Once we know thecharge on the capantor we ran lookat how
voltagecharges acrossthe capacitor

Vc t q E l é

Now the current that flowsthroughthe circuit can beobtained
from our expression for y t I

I let I I é Ié
Faith etFat to



The current as afunction of time

I 1 current decreases exponentiallywith
a time constantT R C

k_
Discharging a capacitor

Item Tility's
alreadychagea to

1
theswitch at 20 is open

Whathappenswhenwe closethe

470

Applyingthe loop rule traversingthe circuit counterclockwiseweget

IR 0 weknow I 1 sothiseg canberewritten

Ic t 121 0 we can solve this byintegrating

1 treat Side trcf.tt
In 1 qH0étt t

we candetermine thevoltage dropacross thecapacitor
V.CH 91

LEjettDvify



From the expression for q t we candetermine the current
I

qty.EE
Io Q

RELt
Example An RC circuit

a What isthe time constantofthecircuit
beforetheswitchis closedEFFIE c b what isthe timeconstantafter theswitch is closedLw c find thecurrentthroughtheRL switch after itsclosed

a Beforethe switch isclosed the I resisters R andR2 are inserieswith the capacitor Bydefinitionthe timeconstant15
T Reg C R R2 C

hecharge stored in the capacitor depends on this timeconstant as
q t cell é

b Afterthe switch is close the ilosed loop onthe rightbecomesa decaying RC circuit with timeconstant R Ccharge willbegin todecayaccording
q t CE Etta

c the currentpassingthrough the switch is from 2sourced

steadycurrent I and a delaying current
I Ep

I Ea et
p g

éthe



I
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the total current will be
ICH I 114 4 4É


