Chapter 28: Alternating-Current Circuits
Thursday November 3

‘Review of energy and oscillations in LC circuits

-Alternating current theory
‘Def" of terms, e.g., rms values
‘Resistance
Capacitive reactance
Inductive reactance
‘Putting it all together - LRC circuits
*Voltage/phase relations
-Impedance
‘Resonance

Reading: up to page 501 in the text book (Ch. 28)



Ch. 28: Electromagnetic oscillations
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Ch. 28: Alternating Current
V(t):VPsin(wt—l—qSV); I(t):IPsin(wt—l—(bI)

Here Voltage completes Angular frequency:
wt + ¢ = 0. a full cycle when

wt advances by 27r. w = 2mf
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‘Sine curve starts at ot = —1/6 or =30° Tms 9



AC circuits: the resistive term

Ipr—’ (@)
____________ /
V, sinwt '9 R VP >'dl V( 4 ) f
= ’ \\ /’z i
Voltage (driving term): \_ /
V(t)=V, sinwt For a resistor ONLY:

Current response: Current and voltage in phase

v, I =
I(t) = %:Esmwt =1, =V, /R
I =V /R

rm rms



AC circuits: the capacitive term

.1 Current peaks 7 cycle
VP I *_ —\:,before voltage
2
Vp sinwt? ’\) —C [P V(f)
Charge (driving term): 1(¥)
Q(t) = CV(t)=CV, sinwt

Current response:

aqQ d, .
I(t) = 7 =CV,— g (sin wt)

= wCV,coswt = wCV, sin(wt + T)



AC circuits: the capacitive term

.1 Current peaks 7 cycle
7 & &before voltage
Pr= -
©
Vp sinwt ’9 —C [P V(f)
wt

Charge (driving term): 1(¥)

Q(t) = CV(t)=CV, sinwt

Current response: Current leads voltage by 90°
I(t) = wCV  sin(wt + Z) )i Y s

PZl/wC:X_O

Capacitive reactance: X, =1/wC (units - (2)




AC circuits: the inductive term

Voltage peaks Y4 cycle before current

Vp| - - R )
v
V, sinr () L I 7N
Wt
Current (driving term):
. V(?)
V. =—Ldl /dt = -V sinwt
Current response:
V
_ P :
I(t) = ; fsmwt dt
V V
= ——L coswt = —L-sin(wt — )
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AC circuits: the inductive term

Voltage peaks Y4 cycle before current

Vol - =% %
v
VpSian’\) L [P_- T\ ](t)
wi
Current (driving term):
. 409
V. =—Ldl /dt = -V sinwt
Current response: Voltage leads current by 90°
14 V |4
I(t) = " sin(wt — T) rT oL X,

Inductive reactance: X, = wL (units - )




Summary

Table 28.1 Amplitude and Phase Relations in Circuit Elements

Circuit Element Peak Current versus Voltage Phase Relation

Resistor I, = V and I in phase

Capacitor I, = I leads V by 90°

Inductor I, = = — Vleads I by 90°




Phasor Diagrams

Resistor Capacitor Inductor
VO | - - - - vl -
v, () v, s
1) I INC I(t)wt v, or - IA
2l Yah N\ wt
V., =1R V., =1X, V, =1X,
V, I 1n phase Viags Iby 90°  V'leads I by 90°
V(t) = sin wt; I(t) = sin(wt — @)

http://en.wikipedia.org/wiki/Phasor (sine waves)



Phasor Diagrams: Adding the Voltages

VP :\/Vlv'?p2 T (VLp - VCp)2

VLp - . /\\
- \\ »
e e Vi,
¢ 1s the phase
Vo= Ve difference between
tan ¢ =
1% V. voltage and current.



Phasor Diagrams: Adding the Voltages

V= \/IPRZ (1X,~1X.)

Modified Ohm’s law:

V V
=1 = - =

— _b
p \/R2 1 (XL _ X0)2 4

-Unitsz-
_ohms |

Impedance: 7 = \/RQ e (XL _ XO)2

A, - X, wLl-1/uwC

Phase: tan ¢ =
R R



Resonance

X, T X,
90 XL < Xo IR R
1
Nf“ 7R
g 2R
E S V leads
: R 7 w
icg = ags 0 Frequency, w
2R
X >X,
| —90
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Frequency, w
V [
I = - 1
p 9 W —= ,|—
2
\/R +(XL—XC) o\ LC

At resonance, Z = R, and ¢ = 0 (Just like a DC circuit)



Peak current, Ip

X . T X -
90 — X L < XC %R .
IR
2R
< J leads
20 T
R é V lags (©o Frequency, w
OR
X L > X ;
| —90
W
Frequency, w
Power delivered to the circuit:
<P> = %Ipr cosp=1 V cosg

Resonance

rms rms



