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31-3 Forced Oscillations of Three Simple Circuits

The basic mechanism of an alternating-current 

generator is a conducting loop rotated in an 

external magnetic field. In practice, the alternating 

emf induced in a coil of many turns of wire is 

made accessible by means of slip rings attached 

to the rotating loop. Each ring is connected to one 

end of the loop wire and is electrically connected 

to the rest of the generator circuit by a conducting 

brush against which the ring slips as the loop (and 

ring) rotates.

Forced Oscillations (with external emf)

Why ac? The basic advantage of alternating current is this: As the 

current alternates, so does the magnetic field that surrounds the 

conductor. This makes possible the use of Faraday’s law of 

induction, which, among other things, means that we can step up 

(increase) or step down (decrease) the magnitude of an alternating 

potential difference at will, using a device called a transformer, as 

we shall discuss later. Moreover, alternating current is more readily 

adaptable to rotating machinery such as generators and motors 

than is (nonalternating) direct current.



31-3 Forced Oscillations of Three Simple 
Circuits

Resistive Load
The alternating potential difference across a 

resistor has amplitude

where VR and IR are the amplitudes of alternating 

current iR and alternating potential difference vR

across the resistance in the circuit.  

Angular speed: Both current and potential difference 

phasors rotate counterclockwise about the origin with 

an angular speed equal to the angular frequency ωd

of vR and iR.

Length: The length of each phasor represents the 

amplitude of the alternating quantity: VR for the 

voltage and IR for the current.

Projection: The projection of each phasor on the 

vertical axis represents the value of the alternating 

quantity at time t: vR for the voltage and iR for the 

current.

Rotation angle: The rotation angle of each phasor is 

equal to the phase of the alternating quantity at time t.

A resistor is 

connected across 

an alternating-

current generator.

(a) The current iR and the potential difference vR

across the resistor are plotted on the same graph, 

both versus time t. They are in phase and complete 

one cycle in one period T. (b) A phasor diagram 

shows the same thing as (a).







31-3 Forced Oscillations of Three Simple Circuits

Inductive Load
The inductive reactance of an inductor is defined as

Its value depends not only on the inductance but also on the driving 

angular frequency ωd. The voltage amplitude and current amplitude are 

related by

Fig. (left), shows that 

the quantities iL and vL

are 90° out of phase. In 

this case, however, iL
lags vL; that is, 

monitoring the current iL
and the potential 

difference vL in the 

circuit of Fig. (top) 

shows that iL reaches 

its maximum value after 

vL does, by one-quarter 

cycle.

An inductor is connected 

across an alternating-

current generator.

(a)The current 

in the inductor 

lags the voltage 

by 90° ( = π/2 

rad). (b) A 

phasor diagram 

shows the 

same thing.





31-3 Forced Oscillations of Three Simple Circuits

Capacitive Load

The capacitive reactance of a capacitor, defined as

Its value depends not only on the capacitance but also on the driving 

angular frequency ωd. The voltage amplitude and current amplitude are 

related by

(a)The current 

in the capacitor 

leads the 

voltage by 90° ( 

= π/2 rad). (b) A 

phasor diagram 

shows the 

same thing.

In the phasor diagram 

we see that iC leads vC, 

which means that, if 

you monitored the 

current iC and the 

potential difference vC

in the circuit above, you 

would find that iC
reaches its maximum 

before vC does, by one-

quarter cycle.

A capacitor is connected 

across an alternating-

current generator.






