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31-4 The Series RLC Circuit

Series RLC circuit 

with an external emf

For a series RLC circuit with an external 

emf given by

The current is given by

the current amplitude is given by

The denominator in the above equation is called the impedance Z of the 

circuit for the driving angular frequency ωd.

If we substitute the value of XL and XC in the equation for current (I), the 

equation becomes:



31-4 The Series RLC Circuits

From the right-hand phasor triangle in Fig.(d) we can write

Phase Constant

The current amplitude I is maximum  when the driving angular frequency ωd

equals the natural angular frequency ω of the circuit, a condition known as 

resonance. Then XC= XL, ϕ = 0, and the current is in phase with the emf.

Series RLC circuit 

with an external emf







31-5 Power in Alternating-Current Circuits

The instantaneous rate at which energy is dissipated in the resistor can be 

written as

Over one complete cycle, the average value of sinθ, where θ is any variable, is 

zero (Fig.a) but the average value of sin2θ is 1/2(Fig.b). Thus the power is,

The quantity I/ √2 is called the root-mean-square, or rms, value of the current i:

We can also define rms values of voltages and emfs for alternating-current 

circuits:

In a series RLC circuit, the average power Pavg of the generator is equal to the 

production rate of thermal energy in the resistor:

(a) A plot of sinθ versus θ. 

The average value over 

one cycle is zero.

(b) A plot of sin2θ versus θ . 

The average value over 

one cycle is 1/2.





31-6 Transformers

A transformer (assumed to be ideal) is an iron core on which 

are wound a primary coil of Np turns and a secondary coil of 

Ns turns. If the primary coil is connected across an 

alternating-current generator, the primary and secondary 

voltages are related by

An ideal transformer (two coils wound on 

an iron core) in a basic trans- former 

circuit. An ac generator produces current 

in the coil at the left (the primary). The coil 

at the right (the secondary) is connected to 

the resistive load R when switch S is 

closed.

Energy Transfers. The rate at which the generator 

transfers energy to the primary is equal to IpVp. The rate at 

which the primary then transfers energy to the secondary 

(via the alternating magnetic field linking the two coils) is 

IsVs. Because we assume that no energy is lost along the 

way, conservation of energy requires that

The equivalent resistance of the secondary circuit, as seen by the 

generator, is





31 Summary

LC Energy Transfer
• In an oscillating LC circuit, 

instantaneous values of the two 

forms of energy are

Eq. 31-1&2

Damped Oscillations
• Oscillations in an LC circuit are 

damped when a dissipative element 

R is also present in the circuit. Then

• The solution of this differential 

equation is

Eq. 31-24

LC Charge and Current 

Oscillations
• The principle of conservation of 

energy leads to

• The solution of Eq. 31-11 is

• the angular frequency v of the 

oscillations is

Eq. 31-11

Eq. 31-12

Eq. 31-4

Eq. 31-25

Alternating Currents; Forced 

Oscillations
• A series RLC circuit may be set into 

forced oscillation at a driving 

angular frequency by an external 

alternating emf

• The current driven in the circuit is

Eq. 31-28

Eq. 31-29



31 Summary

Series RLC Circuits
• For a series RLC circuit with an 

alternating external emf and a 

resulting alternating current,

• and the phase constant is,

• The impedance is

Eq. 31-60&63

Transformers
• Primary and secondary voltage in a 

transformer is related by

• The currents through the coils,

• The equivalent resistance of the 

secondary circuit, as seen by the 

generator, is 

Eq. 31-79

Eq. 31-80

Eq. 31-65

Eq. 31-61

Power
• In a series RLC circuit, the average 

power of the generator is,

Eq. 31-71&76

Eq. 31-82


