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 Alternating Current (AC)
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* Impedance



Alternating Current (AC)

Av

AV,

‘max

* The voltage supplied by an AC source 1s
harmonic (sinusoidal) with a period T.

« AC source is designated by _@7



@
Av=AV_, sin &t
Applying Kirchhoff’s loop, at any instant:
Av = Avp = AV, sin wt
The instantaneous current in the resistor 1is:
AUR A "/’Tmax

lp = = sin wt = [, sIn wt
i R R
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Where ImX 1s the maximum current: / max R

And eventually:

Z.R’AUR

max

AV,

max

AUR = ImaxR sin wl

Plots of the instantaneous current i,
and instantancous voltage Av,
across a resistor as functions of
time. The current 1s in phase with
the voltage, which means that the
current 1s zero when the voltage is
zero, maximum when the voltage is
maximum, and minimum when the
voltage 1s minimum. At time t = T,
one cycle of the time-varying
voltage and current has been
completed.

So, for a sinusoidal applied voltage, the current in a resistor
1s always in phase with the voltage across the resistor.



Phasor Diagrams

A phasoris a vector whose length is
proportional to the maximum value of
the variable it represents (V__ for
voltage and | _ for current in the present
discussion) and which rotates
counterclockwise at an angular speed
equal to the angular frequency
associated with the variable. The
projection of the phasor onto the vertical
axis represents the instantaneous value
of the quantity it represents.



Phasor diagram for a circuit with a resistor 1s:
ip, Avp

o I
B AV Im ax
A max

The phasor diagram for the resistive circuit
shows that the current is in phase with the
voltage.
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The projections of the phasor arrows onto the
vertical axis are determined by a sine function of the
angle of the phasor with respect to the horizontal
axis. We can use the projections of phasors to
represent values of current or voltage that vary
sinusoidally in time.



Irms



 Because I varies as sin’ wt and because the average value
of Fis I /2, the rms current is

I
[ = —— = 0.707] .4

\2

e Thus, the average power delivered to a resistor that
carries an alternating current 1s

— J2
@)av o IrmsR
 Alternating voltage 1s also best discussed in terms of rms
voltage, and the relationship 1s identical to that for current:

AV,
AV s = \/% = = 0.707 A Vo




One reason we use rms values when discussing
alternating currents and voltages 1n this chapter
1s that AC ammeters and voltmeters are designed to
read rms values. Furthermore, with rms wvalues,
many of the equations we use have the same form as
their direct current counterparts.



Inductors in AC Circuits

< Avy > Kirchhoft’s rule for AC
000, circuit with an inductor 1s:
L
di
Av— L —=90

di
7%
L

After derivation we get:

, AVmz . T
1 = I3 sin | wi 9
W

i, 18 the current through the inductor L.

For a sinusoidal applied voltage, the current 1n an inductor
always lags behind the voltage across the inductor by 90°
(one-quarter cycle in time).



The maximal current in the inductor 1s

AV
[ - s max
m wl.

We can define the inductive reactance as
resistance of an inductor to the harmonic
current:

XLE wl.

The instantaneous voltage across the inductor is:

dz .
Avp = — L — = — AVjax SIN Wt = — [ 155 X7 SIn wi
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Phasor diagram for the
inductive circuit,
showing that the current
lags behind the voltage
by 90°.



Capacitors in AC

< e | The current is 7/2 rad =
| 90° out of phase with
. the voltage across the
capacitor:
@ ic = WCAV. ., sin (a)t % g)
Av=AV__ _ sin 0t

max

For a sinusoidally applied voltage, the current

always leads the voltage across a capacitor by
90°.



The maximal current is:
AV max
(1/wC)

The capacitive reactance of the capacitor to
the sinusoidal current 1s:

_— 7 _—
[max = wCA) max

1

X =
< wC

Then the instantaneous voltage across the
capacitor 1s:
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Plot of the instantaneous
current 1., and instantaneous
voltage AV _ across a
capacitor as functions of
time. The voltage lags behind
the current by 90°.

Phasor diagram for the
capacitive circuit,
showing that the current
leads the voltage by 90°.



The RLC Series Circuit
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For convenience, and not
losing generalization, we
can assume that the
applied voltage 1s

Av = AV, . sin wt

and the current 1s

i=1_.. sin(wl— ¢)

* Where p=const 1s some phase angle between the current
and the applied voltage. Because the elements are in
series, the current everywhere in the circuit must be the
same at any instant. That 1s, the current at all points in
a series AC circuit has the same amplitude and phase.



The voltage across each element has a
different amplitude and phase:

Avp = I .«Rsin ot = AVpsin wt

e
Avy; = 1.4 X7 sIn (a)t 1 ?> = AV} cos wt

: T i
Ave = I« XcSIn (w[ — ) = — AV cos wl

C

AVP = Imaxl AVI = Imax X1 AVC = ImaxXc

i

Av = Avp + Av;r + Av,



AV = \/A ‘-"rRQ + (AV; — AVC)Q = \/([max R)2 + ({max XL — Imax XC)Q

AVmax = Imax \jRQ T X5 = XC)2

AVmaX
Imax = 2 2
VR2 + (X — Xo)




Impedance

Using the previous calculations we can define a new
parameter impedance:

Z=NR® + (Xp— Xg)

So, the amplitudes of voltage and current are related as
A‘/HlaX — ]max Z

Using the phasor diagram:

X7 — Xc)

¢ = tan_1< B



Impedance Values and Phase Angles for Various Circuit-Element Combinations®

Circuit Elements Impedance Z Phase Angle &
R
._M_. R OO
| R
|| Xc - 90°
L
W '
VR? + XCQ Negative, between — 90° and 0°
R L
°—Wv—\QQDJ—‘ VR2 + X2 Positive, between 0° and 90°
R T C

—MN—0——  \R2+ (X; - X)?  Negative if Xo > X;

Positive if X < X;

* Ineach case, an AC voltage (notshown) is applied across the elements.



Power in AC Circuit

By = 1o B

* The average power delivered by the source 1s
converted to internal energy in the resistor.

* No power losses are associated with pure
capacitors and pure inductors in an AC circuit.



Series RLC Circuit Resonance

A series RLC circuit 1s in resonance when the current
has 1ts maximum value.

AV .
Irms o Zm

So resonance 1s at X =X ., the frequency o, when X =X . 1s
called the resonance requency

AV s
VR2 + (X, — X()?

Wy — \/E

This frequency corresponas to e matural frequency of
oscillation of an LC circuit

]rms —




The average power dissipating in the resistor 1s

(A H‘m s) 2 Rw?

@'. 7 — C C C C C C
= R°w? + [?(w? — wy?)?

Then at resonance the average power is a
maximum and equals Ay 2/p.



Units in Si

voltage (potential difference) V' V (Volt)
current (electric current) I A (Ampere)

inductance L H (Henry)
inductive reactance X, Q) (Ohm)
capacitive reactance X € (Ohm)

Impedance Z Q (Ohm)
Power P W (Watt)



