Please Do Course Evaluation



LC and RLC Circuits
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Oscillation - Spring

Potential energy < Kinetic energy

Ekx2 Emv2
2 2

Conservation of energy:

Equation of motion:

1 kx? + 1 mv? =constant
2 2
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m—zx:-kx
dt

Solution: X=Asin(ot+¢) with @ :\/E
m



Oscillation — LC circuit

Electric energy <> Magnetic energy
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| c i Conservation of energy:
11 ., 1.,
——Q° +—LI° =constant
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Kirchhoff’s rule : _|_d| _1 Q = d°Q :_EQ
dt C dt? C

Solution: Solve the differential equation!



Similarity between Spring Oscillation and LC Oscillation |




Similarity between Spring Oscillation and LC Oscillation Il
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Potential energy <> Kinetic energy

E
7

Electric energy <> Magnetic energy

Lix? = mv? 1Q° 1
2 2 2 C 2
Newton’s Law Kirchhoff’s rule:
2
Potential energy %kx2 Electrical energy %%2
Kinetic energy %mvz Magnetic energy %le
Spring constant k 1/Capacitance é
Mass m Inductance L
Displacement x Charge Q
Velocity v vo & Current | ':z_?



Class 42 More LC Circuiturrrent



Oscillation — LC circuit

Electric energy <> Magnetic energy

Solution:

1 Q2 ELIZ
| 2C 2
i Conservation of energy:
=) 11 1
? ~—Q° +=LI* =constant
2C 2
2
Kirchhoff’'srule: - LdI _ 1 Q = |_d ? — _EQ
dt C dt C
X=AsIn (ot+¢) Witha):\/K
m
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Q=Asin(wt+¢) Withw = | — = —




RLC circuit

RLC circuit
Damped Oscillation

The switch is set first to position
a, and the capacitor is charged.
The switch is then thrown to
position b.
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Friction = -bv

R
ACTIVE FIGURE 32.15 @I

A series RLC circuilt.

Kirchhoff's rule: Equation of motion :
Q dl d d? d
0==+IR+L— | = — 2 v —_hv- _
c TIRTL (I1=%5Q) Mz % bv - kx (v dtx)

d’ d Q 2
= LFQJFREQJFE:O = m:?x+b%X+kX=O



RLC circuit and Mechanical Oscillation

RLC circuit Mechanical
Q X
| = dQ/dt v = dx/dt
C 1/k
R b
L m
Magnetic energy v2LI2 Kinetic energy /2IMV?
Electrical energy v2(1/C)QZ? | Potential energy Y2kX?




RLC circuit

The switch is set first to position
a, and the capacitor is charged.
The switch is then thrown to
position b.
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A series RLC circuit.
Kirchhoff's rule:

0:2+IR+Lﬂ
C dt

d? d Q
L—Q+R—Q+==0
- dt2Q dtQ C
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RLC circuit

Solution:
R

Q) =Q, e * cos @,

1 R Y
Wy =,|—=—| —
LC \2L

) >0 under damped
1 R .
——| — =0 critically damped
LC 2L
<0 over damped

The Oversus-t curve represents
a plot of Equation 32.31.
: v




Damping

4 real: under damped
0,4 = 0: critically damped
®4 imaginary: overdamped

Effects of damping

Response < %
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=
=
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£=0.1
¢ =026
£=05 (Under damped)

=075

v/n\T

Steady-state

{ = 1.0 (Critically damped)
¢ = 1.5 (Overdamped)

Time



