
Alternating Currents (Chap 31.1)

In this chapter we study circuits where the battery is replaced by
a sinusoidal voltage or current source.

or

The circuit symbol is,

An example of an LRC circuit connected to sinusoidal source is, 
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Important:
I(t) is same throughout – just
like DC case. 



Alternating Currents (Chap 31.1)
Since the currents & voltages are sinusoidal, their values change
over time and the averages are zero.

A more useful description of sinusoidal currents and voltages are
given by considering the average of the square of this quantities.

We define the RMS (root mean square), which is the 
square root of the average of , 
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Alternating Currents ; Phasors
A convenient method to describe currents and voltages in AC 
circuits is “Phasors”. Since currents and voltages in circuits with 
capacitors & inductors have different phase relations, we introduce
a phasor diagram.  For a current,

We can represented this by a vector
rotating about the origin. The angle
of the vector is given by ωt and the
magnitude of the current is its 
projection on the X-axis.

If we plot simultaneously currents & 
voltages of different components we
can display different phases .
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Note this method is equivalent to imaginary numbers approach
where we take the real part (x-axis projection) for the magnitude



“Beam me up Scotty –
It ate my phasor!”



Alternating Currents: Resistor in AC circuit

A resistor connected to an AC source will have the voltage, vR, and 
the current across the resistor has the same phase. We  can draw the 
current phasor and the voltage phasor with the same angle.

( ) ( )RtIiRtVv RR ωω coscos ===

Phasors are rotating 2 dimensional vectors

IRVR =and (just like DC case)



Resistor in AC circuit; i & v versus ω t

i(t)=Icos(ωt)
v(t)=RIcos(ωt)
V=RI

ωt →
a     b        c              d              e       f

Note: Voltage is in phase with current



Alternating Currents: Capacitor in AC circuit

A capacitor connected to an AC current source will have the voltage 
lagging behind the current by 90 degree. We  can draw the current 
phasor and the voltage phasor behind the current by 90 degrees.
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Alternating Currents ; Capacitor in AC circuit

We stated that voltage lags by 90 deg., so equivalent solution is
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i(t)=Icos(ωt)

v(t)=(I/ωC)sin(ωt)
a     b       c              d              e       f

Note voltage lags 90 deg. Behind current

Capacitor in AC circuit; i & v versus ω t

V(t)=(I/ωC)sin(ωt)= (I/ωC)cos(ωt-π/2)

ωt →



Alternating Currents: Inductor in AC circuit

An inductor connected to an AC current source will have the voltage 
leading ahead the current by 90 degree. We  can draw the current
phasor and the voltage phasor ahead the current by 90 degrees.
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i(t)=Icos(ωt)

v(t)= - ILωsin(ωt)

Inductor in AC circuit; i & v versus ω t

a     b       c              d              e       f

Draw phasor diagram for each point
Note voltage leads 90 deg. ahead current

v(t)= -ILω sin(ωt) = ILω cos(ωt + π/2)

ωt →



What is reactance?
You can think of it as a frequency-dependent resistance.

For high ω, χC ~ 0
- Capacitor looks like a wire (“short”)

For low ω, χC ∞
- Capacitor looks like a break
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For low ω, χL ~ 0
- Inductor looks like a wire (“short”)

For high ω, χL ∞
- Inductor looks like a break
(inductors resist change in current)
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Alternating Currents: LRC circuit

Using Phasors, we can construct the phasor diagram for an LRC
Circuit. This is similar to 2-D vector addition. We add the phasors
of the resistor, the inductor, and the capacitor. The inductor phasor is 
+90 and the capacitor phasor is -90 relative to the resistor phasor.

Adding the three phasors vectorially, yields the voltage sum of the 
resistor, inductor, and capacitor, which must be the same as the 
voltage of the AC source. Kirchoff’s voltage law holds for AC circuits.

Also VR and I are in phase.

Figure (b) has 
XL>XC and (c) has 
XL<XC .



Phasors

Problem: Given i(t) = I cos(ωt),
find VR, VL, VC, IR, IL, IC

Strategy:
We will use Kirchhoff’s voltage law that the (phasor)
sum of the voltages VR, VC, and VL must equal ε.
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Phasors, cont.

1. Draw VR phasor along x-axis (this direction is 
chosen for convenience). Note that since VR
= IRR, this is also the direction of the current 
phasor iR. Because of Kirchhoff’s current 
law, IL = IC = IR≡ I (i.e., the same current flows 
through each element).

VR, IRR

LC

∼
ε

R
Problem: Given i(t) = I cos(ωt),

find VR, VL, VC, IR, IL, IC

2. Next draw the phasor for VL.  Draw VL 90˚
further counterclockwise. The length of 
the VL phasor is IL XL = I ωL

VR = I R

VL = I XL



Phasors, cont.

3. Draw VC 90˚ further clockwise. The 
length of the VC phasor is 
IC XC = I /ωC VR = I R

VL = IXL

VC = I XC

The lengths of the phasors depend on R, L, C, and ω.  
The relative orientation of the VR, VL, and VC phasors is 
always the way we have drawn it.  Memorize it!

Problem: Given i(t) = I cos(ωt),
find VR, VL, VC, IR, IL, IC
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Phasors, cont.

• The phasors for VR, VL, and VC are 
added like vectors to give the drive 
voltage VR + VL + VC = εm :

•From this diagram we can now easily calculate 
quantities of interest, like the net current I , the 
maximum voltage across any of the elements, 
and the phase between the current the drive 
voltage (and thus the power).
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Problem: Given i(t) = I cos(ωt),
find VR, VL, VC, IR, IL, IC
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Voltage V(t) across AC source

Z is called “impedance”
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Alternating Currents: LRC circuit, Fig. 31.15

Y&F Example 31.5

V=50v
ω=10000rad/s
R=300ohm
L=60mH
C=0.5μC
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