Chapter 32 Alternating Current

Circuits

Most of the electrical energy is produced by electrical generators in the form of

sinusoidal alternating current.

Why do we use the sinusoidal electric potential but neither the triangular nor the

square waves?

32.1 AC Sources
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32.2 Resistors in an AC Circuit
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Applying Ohm’s law (What is the Ohm’s law? Why do we use this? --> Linear

relation between I and V)
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Example: Find the average current and the rms current !

for the sawtooth waveform. In the region 0<t<T, the],
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current is given by I=I0?.
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32.3 Inductors in an AC Circuit
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Apply Kirchhoff’s loop rule: © @ Va.pp
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The resistance R is not changed with the frequency @ but the impedance may change
with the frequrncy.
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Instantaneous Power Delivered:

| pea SIN(2a0t)

peak

P =VI =V, cS(ct (I o SiN(c0t)) = %v

.
The average of dissipated energy is: %J%Vpeakl veck Sin(2a)t )dt =0.-->No energy is

0

dissipated in an inductor.

Example: Inductive Reactance
The potential drop across a 40-mH inductor is sinusoidal with a peak potential drop of

120 V. Find the inductive reactance and the peak current when the frequency is 60 Hz.

X = ol = (27)60)40x10°)=15.1Q, 1, = \%
Av iy
: i Al AV,
y e (]

(b)



32.4 Capacitos in an AC Circuit
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Example: Capacitive Reactance

A 20-uF capacitor is placed across an ac generator that applies a potential drop with
an amplitude (peak value) of 100 V. Find the capacitive reactance and the current
amplitude when the frequency is 60 Hz.
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32.5 The RLC Series Circuit

Phasors

The current in a steady-state ac circuit varies with time as | =1 __, cos(at)

peal

--> The voltage drop across a resistance is V, = IR =1 peakRCOS(a)t).



: : dl ,
-->The voltage drop across an inductoris V|, =L —=-I peaka)LSIn(a)t).

dt

Vi ==l a0l cos(% - a)t) = | el cos(cot + %)

--> The voltage drop across a capacitor is V, = éj ldt = % | oncSin(at)
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Series RLC Circuit

V. =V_, cos(at)
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Forced Oscillations --> Force The Oscillator Vibrate with The Frequency @
Let Q= Asin(awt—5)
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Example: A resistor R and capacitor C are in series with a generator. The generator

tand =



applies a potential drop across the RC combination given by V,, = \/EVappms COS(a)t).

Find the rms potential drop across the capacitor as a functional of frequency .
| =1,cos(wt + 5)
V,, =1 Rcos(at + &)

V. :%%cos(a)tw—ﬂ/z)
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Parallel RLC Circuit
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32.6 Power in an AC Circuit

The instantaneous power dissipation:

P=1’R=12, cos’(wt)R

The average power dissipation:
P, =(17R), = (12, cos?(@t)R), =12, R(cos?(et)),,

What’s the time average? What’s the spatial average?
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The average power delivered by the generator is:
1
Pav = (8| )av = ( peak COS(a)t)l peak COS(a)t ))av = (gpeakl peak COSZ(a)t ))av = Egpeak I peak
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For the RLC circuit:

P =1 oV e COS(ct )OS (0t — 4) = 1 ,, V.., (cos? (et )cos ¢ + cos(et)sin (et )sin ¢)
Pan IrmSVrmS COS ¢ rms rms ; = IrzmSR

32.7 Resonance in a Series RLC Circuit
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The power supplied to the resistor Ris P,, = IfmSR 1Py e
P/
2 2 av, nnx
Vv Vv
_ 12 _ app, rms _ app,rms ’
Pav - IrmsR | T 5 R - L2 R P“ max
) R o]
+ 0" —ay
w

The dissipated power has a maximum value at the resonance frequency



1
Wy =—F7—.
°JLC

Full width at half maximum: A@w=R/L

1) w,L
uality Factor: Q = —2> =2
Quality Q o R

32.8 The Transformer and Power

Transmission

Assume that the magnetic flux through a single turn of coil is ¢,,.

Loop 1: Vl—Nldcﬁm:O -> dd%:%
1

Loop 2: (The coils behave as a voltage source.)

dg. N
V=N, Cﬁ :Wzvl
1

Energy conserved: the power input from the generator is equal to the power output,

Pl = Pz -=> V1|1 :V2|2-

If the input voltage is 110 V and the output voltage is 12 V, which copper wire of the

coils is thick? (the input coils or the output coils)



32.9 Rectifiers and Filters

Diode
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