CIRCUITS AND
MO F ECTRONICS

Damped
Second-Order
Systems
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In the last lecture, we started by
analyzing the simpler LC circuit to build
intuition



In the last lecture... LC circuit
We solved

For input

And for initial conditions



In the last lecture... LC circuit

Total solution

v, (1) -




Today, we will close the loop on our observations
in the demo by analyzing the RLC circuit

v, (1) C —v( v, "/_’_\_“A“-/_‘\;%LC

See A&L Section13.6 °



Let's analyze the RLC network
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Set up the differential equation differently
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d’v Rdv 1 1
—+t——+ 14 Vv,
d* Ldt LC LC

Solve

10



Let’ s solve

d’v R dv

1

—2+ + V
dt- Ldt LC
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Set up the differential equation differently
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@ Particular solution dv Rdv 1 1

—2+— + Vv v,
d- Ldt LC LC

2
d ‘;P+RdVP+LVP=LI/]
dt L d LC LC
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@ Homogeneous solution

d>v Rdv 1

1

y
LC '
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d’v, Radv, I
+— +—V, =
> L dt LC"

@ Homogeneous solution Solution to 0

Assume solution of the form

vy - Aest , A, s =7
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2
@ Homogeneous SOIUTIOn Solution to d V2H +£de + ! v, =0
> L dt LC
PN S

LC
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d’v, Radv, I
+t—— TtV =
d> L dt [C"
characteristic (2 . ES + E 0
equation L LC

@ Homogeneous solution Solution to 0

2
Roots S, =—0{+\/052 -,

S, = —a-Jd’ -,
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@ Total solution
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2 2

(3) Let’ s stare at this a while longer.. W)=V A g L

<2}

—Jat-w? )i
v(t)=V, +Ae “e + Aze“”e( |
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@ a>w [ ) [z

Overdamped - -
P v(t) = VI + Ale “e + Aze “e
a > w  Overdamped
a < wo Underdamped

a = W Critically damped

o

20



@ a < CUO Under'damped V(t) — ‘/I + Ale—ate(\'az_wg)f N Aze_ate(— az_a)o)t

a > w  Overdamped

o

o< wo Underdamped

Q = W Critically damped

o
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@ a <@  Underdamped contd.. W(t) =V, + K™ cosw,t + Kye™ sinw,t
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i A o .
@ & <@m  Underdamped contd.. w(t)=V,=-V,e“cosw,t-V,—e“sinw,t
W,

Remember, scaled sum of sines (of the same y
frequency) are also sines! -- Appendix B.7 4 cosf+4,sin0 =4’ +4; COS(Q—tanlj)

1
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4y,
0

Critically damped

Section 13.2.3
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Remember this? We have now closed the loop...
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Easy way: Characteristic equation tells the whole story!

(1)

“ringing”

See Sec. 12.7 of A&L textbook 26



Intuitive Analysis

~Z

¢ = o)

given
i(0) -ve
v(0) +ve
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Next, introduce R: RLC Circuits

v, (t) cC = V(1) IR (R T A VY

More in the next sequence! If you are impatient, see A&L Section 132



What about other variables?
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Parallel RLC - Characteristic equation says it all
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