
 

Keyphenomena
1 changing In magneticthen loop causes
induced EMF around loop

Eind does

if loop is a conductor w resistance R
an induced current will flow

I ind Eif
2 external currents in wires cause

magnetic fields
solenoid B Mon I along center
wire Ba tgf

r dist from wine

next put them together with external currents
causing induced currents

VENDIBLEi 2 area Az



current then coil causes B field
B will go then coil causing flux of

a B NzAz NE turns in
coil

if B doesn't change then featso no induced Ez in
coil

if you move coil closer to coil 2 you
will cause a

daff Ee induced in

these coils are said to be flux linked

now vary I using variable voltage source
and couple the coils so it'seasy tocalculatethe flux

9llllllllld oiii.a tuns

L coil 2 Na turn

say theyhave same length
so ne Ny Ma Nz



B produced inside coil

Be Mo MI Ct

d is flux through I turn of coil 2
total flux in coil 2 is Is N O Nz loops

B Az B A CA Az
so I Nz B A NaAMo MI Lt

note Is total flux in coil due to

B from coil is proportional to

only physical
characteristicsofcoils

2 Non Amo I

coils that are flux linked always have this

I d I

in general it may be difficult to calculate

proportionality but we can usually measure
it

I MI MI mutual inductance



units f M M E II so units are
Webaslampere

this is a Henry
IH IWb A

ex 2 coils wdifferent areas

V Illelle Li length

q

N tuns

coil 2 A area

Nz tarns
Az area CALA
h length Lach

current I generates B constant inside coil

Bi Mo MI REN L

this B field goes thru coil
B Az so IE N B Az

Mon N Az I
in
M

M Iz I MoNi ML Az Chala Nz



what if instead you put current in coil
and calculate M

Ba Mo na Iz

0 Bz Az why not Be A
because Bz onlyexists
inside area Az not A
which is Az

so I Nid where Ni is the loops
in coil that overlapwith
coil 2

Ni ni Lz since only Lz length has
overlap

so I n he N Lz AzBz
Nile AzMoNz Iz
CeoNina laAz Iz
z M Iz

this is the same as before is why we
call M mutual inductance



Self inductance

Ict

Feed II
voltage source generates

Ict Blt but since its a functionof
time Blt will change

Bit a Ict

this will produce a time vary flux
Oct thru each loop
total flux E NO D turns

self inductance L defined just likeM

NP LI

for solenoid B Mo NI
BA

I NBA

MIHAI



since I It changes then defy 0

so there's a back EMF around the loops

E dat LI LI L
Ey

so use I LI to calculate L

E doff to calculate EMF

coils all have a self inductance L aka inductance

Inductors in circuits

constant voltage source tf coil

neglect resistanceofcoil
Rcoil e R

coil is called an inductor w self inductance L

if V constant then I V R constant

If 0 B constant inside L



so no induced EMF around inductor coils

Now make voltage source variable

us
ME

ditto so d to so dye to

so Efg to will be induced E
around inductor coils

induced current will oppose current
driven by voltage source

so net current will be less than I with
no inductor L reduces current just
like a resistor with some impedance
all due to Faraday's law

just like a resistor must be a voltage
drop along direction of current
since I find are opposed V Lff



this preserves energyconservation around

the loop

rig GMM
K Dr

ITALIE
note that as frequencyof VA increases

If increases Un increases which

means induced current increases so net
current decreases

inductors act like frequency dependent
resistor



Energypicture

in the LR circuit the inductoracts like a
resistor in reducing the current

this takes energy inductor is pushing

against power supply

power thru any component isalways P I V

where U voltage drop across it

for inductor VE E L If
so P LI EE LIE I ELI

power is always energy

so the energystored in inductor coil is

UE I LIE

for solenoid L nonNA

U I Mon NAI here B you I

Cuse N N NA MoNI ULAMo NI



LA NOTE LA
MEEE

LA II note that LA volumeof
solenoid

so U BE Volume

so If a magnetic energydensity

inductor is storingenergy



De R L circuit
Ru Vo IR

v Itam
L VE LEE

close switch V IR t LIE
solution dillequ

LEE
U IR

IE E Ernst have unitsoff
LIR has unitsoftime

Lf I LIR

write as IF VEE IE
E F E

so

III E

IE dele



so he via t th indefinite integral

I VIR ete tie

at t o I O eh V R

I I ICI e
th

I
voltage dropSis across R

now jumper V out of circuit leaving only R L

ME current will collapse

by L causing Ee
Vrt U o now

so IR LIE TO

LIE É

II E I Do it't where Is Ict o

IIEiment
decays

exponentially



Le circuit change up capacitor

Q on bottom

É g

change atop

c ON
so VEOgle

so will be a voltage VE Ok
close switch this will draw current
then inductor causing a voltage drop
across C as the charge is reduced

current thru L will cause EME
that will generate induced current
back towards capacitor
induced EMF LEE will be

equal to voltage across capacitor
as it disdranges

E LEE
after cap discharges or as it triesto
then induced current from h

will try to recharge



what's happens energydensityinside C
decreases increasing U inside

UE

inductor

But they are out of phase
because Ecs rate f change f I
and Ve Q so I is rate f change
of Q
so Vu a rate ofchange f rateofchange

of Ve
solve E LIE 24

EE t Q o

this is SAM day t weX o x Xocoswe

for LC w I Le



so Q Go cos we t O Q Qo CVO
and voltage across across 6

charge on capacitor will oscillate

at t o Q Q o CVO
so D CVo cos wt

current there inductor

I É Cow stunt

in caps E across a Q

in ind B I

E B exchange energy

ex 100mF capacitor charged up
25m It inductor
LC 100 10

6
25 153 2800 159

2.5 10
w ta 6324103rad see

f W LI 100kHz oscillator



ex M
V06g

L Vit Vows wt

conservationof energy V EE LIE
so Vo cos wt LII

this says I 2 sin wt

solve I A sin at B

IE Aw as wt Vomit
A Ye

I le In sin wt

Voy looks like a current R E WL
looks like a resistance

for inductor as fr Re M so inductors do
not like high frequencies

L low pass filter
current and voltage are now outofphase
by 900



and 0 0 9011 9 can
Cos 10 90

so can write ICES Vysi nut

Vowcos
wt Ila

a

I lags V by 5 2



AC circuit ul complex numbers

Ct Vo cosWE
v tf make vervoetwt

Voceswt Voisinwt
then keeponly real part

Reves Vocoswt
now solve circuit

GIVE Ldf
so Voe

t

LIE
dig feint
I ein eat

D Ug limo ti's nut

Voz sin wt icoswt

keep Re LIS D sin wt as
above

notice I Ygetwt rewrite



Voetwt I CiWL
or I

Yfftanee
th

Xu owl complex impedance

inductors act likeresistors in AC circuits
w complex impedance

so if we replace inductors w Xu then we
can use Ohm's Law for Al circuits easy

IN

L R circuit using complex numbers

queje
Xr R
Xia in L

then V IR t I XL
I CR ti WL



i Iles RIEL
now take real part

witerte In Etta EEE

EEE t
let YE sind why
tano W LIE let EE LR
fan WE

RE 811.1m É
Ict Voeiwt.EE

keep Reles YEMIEL
G phase shift gets smaller II in phase w u

as L 20 or Rosa



inductor causes a phasechange in current
wrt driving voltage
tanO Wh we

as w 0 becomes constant voltage
we 30 tang so o o

I CES Vg cos
wt

as w large I so because Xp
acts like a large resistance
so inductor is a low pass filter



AC capacity

Cts Vo e
int

V
EJ

c ve f
V supply

so Q CU

I Ef Cady great
iwc Voeint

Yg aint
Xe ta complex reactance forcapacitor

and XL owl
XR R

LCR circuit

ETE e

y a f c l have complex

impedances

R has real impedance



gain 41ft exe IN

I Rt Eweti WL

I ÉÉÉ
R t Ee ti w L R ti WL R ti WL Ie

Rt it w Ee


