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Exp/ the battery has an emf of 12.0 V, the inductance is 2.81 mH, and the capacitance Is
9.00 pF. The switch has been set to position a for a long time so that the capacitor is
charged. The switch is then thrown to position b, removing the battery from the circuit
and connecting the capacitor directly across the inductor.

(A) Find the frequency of oscillation of the circulit.
(B) What are the maximum values of charge on the capacitor and current in the circuit?
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the resistance of the resistor represents all the resistance in the cireuit. Suppose the
switch 15 at position a so that the capacitor has an initial charge 0. The switch
15 now thrown to position b At this instant, the total energy stored in the capacitor

and inductor 1s QEWHEE. This total energy, however, 15 no longer constant as 1t
was in the LC circunt because the resistor causes transformation to internal energy.

(We continue to ignore electromagnetic radiation from the circuit in this discus-
sion.) Because the rate of energy transformation to internal energy within a resis-

tor is i°R.
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where the negative sign signifies that the energy [/ of the circuit 15 decreasing in
time. Substituting {'= Uy + Uy gives

14 . uﬁ = —i'R (32.28)
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To convert this equation into a form that allows us to compare the electrical oscilla-

tions with their mechanical analog, we first use 1 = dg/df and move all terms to the
left-hand side to obtam
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Now divide through by -
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The RLC circuit 15 analogous to the damped harmonic oscillator discussed in
Section 15.6 and illustrated in Figure 15.20. The equation of motion for a damped
block—spring system 1s, from Equation 1531,

d x ax
mF+bE+h=ﬂ (32.30)

When [ is small, a situation that 15 analogous to hght damping in the mechani-

cal oscillator, the solution of Equation 32,29 15
g = Emur'mﬂ" COS i gl (32.31)

where wy, the angular frequency at which the circunt oscillates, 15 given by
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That 1s, the value of the charge on the capacitor undergoes a damped harmonic
oscillation n analogy with a block-sprning system moving in a viscous medmm.

Equation 32.32 shows that when R << %4L/C (so that the second term in the



One-lhmensional

RLLC Circust Particle in Stmple Harmonic Motion
Charge e X Position
Current P 1 Velocity
Potential difference AV I Force
Resistance Rex b Viscous damping coefficient
Capacitance L 17k (k = spring constant)
Inductance Lesm Mass
Current = time derivative o ﬂ _ dx Velocity = tme derivative
of charge YT T T of position
Rate of change of current = L ﬂ_!ﬂ' _ i d'x Acceleration = second time
second time derivative T A TRT derivative of position
of charge
Energy in inductor Up=vli* & K=gme® Kinetic energy of moving object
2
Energy in capacitor U =1 % & U= ghx’ Potential energy stored in a spring
Rate of energy loss due 'R+ b® Rate of energy loss due
10 resistance to friction
a* d* dx
RLC circuit I.I;I+H% +%={IHHI:+ bE+.i|::=l] Damped object on a spring




Concepits amnd Principles
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where T = L7 0= the time constant of che AR circwnie. IF we replace
cthe battery in the circuie by a resistanceless wire, the current decays
exporneniially wich cime acoording oo the expressiomn
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where &0 is the inmicial curmrent in the circwin.
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chrowmgls the coal. The andosceanace of a device depeendls on ios georm—
cory. For example, che indoactance of an air-oorne solernodad is
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wherne € is che lengih of the solenaid and A i=s the cross-sectional armea.

The emncrgy stored im che magmnenc
frcld of an indpsceor carrying a cuarment § is

0, — Lrs=® (22.12)

Thas cmncrgy 1= the magmneoic oo nmbcr psart
o the energy stored in the clecernc faceld off
a charnged capacitor.
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