AC Circuits and
Inductors




Inductor

* (Circvit element
designed to
store more
magnetic flux
and hence wmore
magnetic
enerqy
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Switch moved to b. Flux is reduced;
induced emf opposes change.




Capacitor

Inductor

T

V,
E = 7C (parallel-plate capacitor) (27.21) | B = pqgnl (solenoid) (31.6)
Electric field E between plates Magnetic field B in coils
Voltage V- across plates Current / in wire
Charge Q stored by capacitor Magnetic flux ®p through inductor
Capacitance C Inductance L
0=CV, (27.1) | ®p=LI (33.1)
£ [.L0N2
C= 70A (parallel-plate capacitor) 27.10) | L = ,u()nzm = TA (solenoid) (33:3)
= Lev? 27.3 =157 33.3
UE—2 C (27.3) UB—2 (33.3)
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¢, = L1

Wb

1H = 17
1

U = —2-LI2
L oxA

Inductance of a solenoid
L = ugn?lA
show



This pickup is
usually sensitive

to low frequencies.

Metal guitar string
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a) Peter McGahey/Cengage Learning; b: ® Cengage Learning



Variable DC power supply

/ g I decreasing
—- To opp sing @ —> To oppose d gd
l &, must be opposite pov i &, must be in sam
supply’s £. as power supply’s &.

dd dl

_ — = L—

dt dt
dl

Back EMF AV, = —La

Pepends on what is happening fo the current
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Transforwers

Instantaneous direction of /

dl dPp
®
dPpg
Vs — NS_
dt

flux is the same
davs - V.V

NG N

Example
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Secondary
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(output)



RL Circuits Power On

witch at a: battery, resistor,
inductor all in circuit d_[
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RL clrcmfs Power Off

hbly

L H LR —
dt R=0

I(t) = Ince T

Example

T=L/R



Energy Stored in the
Magnefdilc Field

£ L+ IR=0

dt
Multiply by |, now its a differential equation for power
dI
Hih— (Lfa‘i')z — (I’R)3 =0

1: power supply

2: Power stored in inductor

: power dissipated in resistor

dUg dl
kb 26T RERRIRE) n¥ son ld)
dt dt



Continved

dUg = LIdI
Ug I
/ dUg =L/ IdI
0 0
Ug = 11:12
Geiis

Lisolbnoid| = H'OnzlA

Bolonoid — MOnI

1 B2
UBsolenoid A= 5 [A
H0



LC circuit

Capacitor initially fully
charged; switch open

o2 1 12 e
E oL - —LI° = == = LI - maxr — max




1 START HERE

Switch first closed; capacitor
charge = Q,,,.. No current yet;
all energy stored in electric
field of capacitor.

‘ I
1=0 < 2
2 Charge leaves capacitor,
ST Ry o A B oducing a current.
Circuit returns to initial B .
: : Qumax mc L g Q EC Some energy in electric
L e ‘ ++++ zero + + field and some in
' Ug Uy Ug Uy magnetic field of inductor.
8 G < 3 \
Current in same direction _ Capacitor completely
, : =0 :
but decreasing. Capacitor ey - — discharged;
charging. Some energy in Q mC &4 maximum current.
electric field and some in + + 7ero All energy stored in
magnetic field. Ug U U Ug magnetic field.
* ' I
7 max 4 v
.
Capacitor completely 0=0 Current in same direction
discharged again; —— it i but decreasing. Capacitor
maximum current. C Q mC charging. Some energy in
All energy in 7ero - = electric field and some in
magnetic field. Ub U Ug Ug magnetic field.
A : J
6 — I1=0 5
'8 \ fr
Charge leaves czfpafji.tor: : —— FEFT Capacitor charge = Q.
current in opposite direction. current momentarily
Some energy in electric field e EE_{C l l Qo @C 2610 L % zero. All energy stored
and some in magnetic field. —T Sp— — in electric field.
- - Ug Ug Ug Ug .
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Current and Charge for

the LC Circuit
Q) = Qmazcos(wt +¥) o 4
I .

Example




Energy in an LC Circuit

2
Up(t) = 2maz o5 (wt 4 )

20
() = sin®(wt + 1)

2
Qmam

Show

E(t) =Ugrg+Up
Q2

1
nergy /—Etot — 2C Ele \
N ar

——_|

&
0 T/4 T/2 3T/4 T 5T/4 Ug + Ug = Eyy






AC Circuit with
Resistance

1) = Epp sin 01 (V) 2 %

Vilt) = £(t) = Emaasin(wt) /-
i (t) 2E §(t) :: ———————— \/

R
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Example P(1)

P
A

P...=1

max max gmax

Pavg — Pmax/2

0 T/4 T/2 3T/4 T






AC Circuit with
Capacitance

Et) =&, sinwt (v V
C

Vet = &t} = &l siniwt)
R =CVeo — Q(t) = C&pazsin(wt)
I(t) = Cwépazcos(wt) = Cwépazsin(wt + 90)




Xc

\_

Xc

Xc

High angular frequency
means small capacitive
reactance.

1

sin(wt + 90)

= &C
capacitive resistance

Low angular frequency
means large capacitive
reactance.
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Example, power in AC
eireuits



Input
from
music
source

&

"’ Tweeter

Woofer
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RC Filters

No derivations

Low-pass filter
E(t) = &« SN w1 R . T
'CI Vo(T) = XoImagsin(wt — 5)

—— S g

Imaz =

A. \/X% + R2

(VC )max
A

VC’,max e XC'I

(VC )max - gmax

woofer




RC Filters

High-pass filter
Et) = &4 SiN 01 R
C
|| -
1 Vr(t) = Rl qz8tn(wit)

gmax

(V)ma Ima:c BEE

" VX% + R?

VR,maa: s RImax

tweeter
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