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Administrivia

• Homework	
  8	
  due

• Midterm	
  #2:	
  	
  Thu Nov	
  16



Last	
  time	
  (Lecture	
  18):

1. First-­‐order	
  op-­‐amp	
  circuits
2. Second-­‐order	
  circuits	
  &	
  resonaors

(Chapter	
  8)



Lecture	
  18:	
  	
  Chapter	
  8	
  – 2nd order	
  ccts



Second-­‐order	
  circuits

• 1st-­‐order	
  circuits	
  =>	
  1st order	
  diff	
  eq.	
  =>	
  1	
  energy	
  
storage	
  element
• 2nd-­‐order	
  circuits	
  =>	
  2nd order	
  diff	
  eq.	
  =>	
  2	
  energy	
  
storage	
  elements



Examples



Initial	
  conditions

v(0), i(0), dv(0)/dt, di(0)/dt, i(∞), and v(∞).• We	
  will	
  need:

• Remember:	
  use	
  passive	
  sign	
  convention

• For	
  capacitor:	
  	
  v(0-­‐)	
  =	
  v(0+)
• For	
  inductor:	
   	
  	
  i(0-­‐)	
  =	
  i(0+)



Source-­‐free	
  Series	
  RLC	
  Circuit





Source-­‐free	
  Series	
  RLC	
  Circuit

s1 and	
  s2 :	
  natural	
   frequencies,	
  
measured	
  in	
  nepers per	
  second	
  (Np/s).

ω0 :	
  resonant	
  frequency or	
  strictly	
  as	
  the	
  
undamped	
  natural	
  frequency,
expressed	
  in	
  radians	
  per	
  second	
  (rad/s)













Source-­‐free	
  Series	
  RLC	
  Circuit

We	
  can	
  infer	
  3	
  types	
  of	
  soln:
1)	
  If	
  α >	
  ω0,	
  we	
  have	
  the	
  overdamped case.
2)	
  If	
  α = ω0,	
  we	
  have	
  the	
  critically	
  damped case.
3)	
  If	
  α <	
  ω0,	
  we	
  have	
  the	
  underdamped case.



Source-­‐free	
  Series	
  RLC	
  Circuit
We	
  can	
  infer	
  3	
  types	
  of	
  soln:
1)	
  If	
  α >	
  ω0,	
  we	
  have	
  the	
  overdamped case.
2)	
  If	
  α = ω0,	
  we	
  have	
  the	
  critically	
  damped case.
3)	
  If	
  α <	
  ω0,	
  we	
  have	
  the	
  underdamped case.

Overdamped Critically	
  damped Underdamped



Overdamped	
  case
α >	
  ω0 C >	
  4L/R2



Overdamped	
  case
α >	
  ω0 C >	
  4L/R2



Critically	
  damped	
  case
α = ω0 C = 4L/R2

Assumption	
   of	
  exponential	
  solution	
  
wrong	
  for	
  critical	
  damping	
  case!



Critically	
  damped	
  case
α = ω0 C = 4L/R2



Critically	
  damped	
  case
α = ω0 C = 4L/R2



Critically	
  damped	
  case
α = ω0 C = 4L/R2



Under	
  damped	
  Case
α < ω0 C < 4L/R2



Under	
  damped	
  Case
α < ω0 C < 4L/R2



Summary

Overdamped Critically	
  damped Underdamped









Step	
  Response



Step	
  Response






