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SECOND ORDER CIRCUIT

« Revision of 1st order circuit

« Second order circuit
« Natural response (source-free)

* Forced response



Revision of 1st order circuit

NATURAL RESPONSE (SOURCE-FREE)

+ l'R 'Cl + - initial energy in capacitor

- IR Cl- - j.e.vg(0) =V

0]

Solution:  KCL =  Ig +ig =0

N dv. V¢ _0

+ —
dt RC

Solving this first order differential equation gives:

Ve(t)= Voe_t/RC



Revision of 1st order circuit

FORCED RESPONSE

Vu(t) i) * - no initial energy in capacitor

a - i.e.vg(0)=0

Solution:  KCL = I +ix =0

- CdVC+VC_VS=O . dVC Ve VS

it | R dt ' RC RC

Solving this first order differential equation gives:

ve(t) =V, (1 _ e—t/RC)



Revision of 15t order circuit

COMPLETE RESPONSE

Complete response = natural response + forced response

V() = V() + vyt

Vo(t)=V,e VR 4V (1-e ¥R

Complete response = Steady state response + transient response

V() = Ves(®) + Vi(t)

VC(t) — Vs + (Vo o Vs )e_t/RC



Revision of 15t order circuit

COMPLETE RESPONSE

In general, this can be written as:

X(t) = X(20) + [x(0) ~ x(e0) e ™"
- can be applied to voltage or current

- X(0) :initial value
VC(t) — Vs + (Vo T Vs )e_t/RC
- X(0) : steady state value

For the 2Md order circuit, we are going to adopt the same approach



Before we begin .....

To successfully solve 2" order equation, need to know how to
get the initial condition and final values CORRECTLY

INCORRECT initial conditions /final values will result in a wrong
solution

In 1st order circuit
* need to find initial value of inductor current (RL circuit) OR
capacitor voltage (RC circuit): i,(0) or v;(0)
* Need to find final value of inductor current OR capacitor voltage:
I () or vg(«)

In 2"d order circuit
* need to find initial values of j, and/or v : i, (0) or v(0)
* Need to find final values of inductor current and/or capacitor
voltage: i, («) , V()
* Need to find the initial values of first derivative of i, or v : di (0)/dt
dv(0)/dt



Finding initial and final values

Example
4Q ' 025H
— AW N
20 +
12V @) 01F = »
=0 -

Switch closed for a long time and open at t=0. Find:
i(0*), v(0*),
di(0*)/dt, dv(0*)/dt,

i(=), V()



Finding initial and final values

E.., + YR _
AN
w': 50 &IL
+ + L
4ulr) A CD :F = 7 U 4 2H G 6A

Find:
iL(0+)i VC(O+)1 VR(O+)
di, (0*)/dt, dv(0*)/dt, dve(0*)/dt,

J L (oo) » Ve (oo) ’ VR(OO)



Second order circuit

Natural Response of Series RLC Circuit
(Source-Free Series RLC Circuit)

R L
AN FNNNA— We want to solve for i(t).
< - Applying KVL,
.. di 11t
i Ri+L—+—|idt=0
- dt CJl

Differentiate once,

. 2. .
R9+LE%+L=O

dt dt* C

di Rdi i

—— Tt ——+ = < This is a second order differential equation
dt Ldt LC with constant coefficients 10



Second order circuit

Assuming i(t) = Ae®'
Asze8t+£se +Ae =0
L LC
Ae® (s +Rs+1j 0
L LC

Since AeS! cannot become zero,

di Rdi i
—t——t—=
dt* Ldt LC

This is known as the CHARACTERISTIC EQUATION of the diff. equation11




Second order circuit

Solving for s,

R [ R jz 1 R RY 1
= ——+ e _ 82 = —— — —

2L 2L LC 2L 2L LC
Which can also be written as

S, =~ ++a°—®

where o=—, W, = —F—
2L JLC

(32+Rs+1 =0
L LC

S+, S, — known as natural frequencies (nepers/s)
o — known as neper frequency, o, — known as resonant frequency

w oON
—
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Second order circuit

\
i(t)=Ae™ +A,e™
= A .
; and A, are determined
from initial conditions
_
Case 1
o>,
Case 2 Overdamped solution
S, =~ +40° — 0 S, =—0—+/a° — ]
o = O, Critically damped solution
Case 3
o <o, Underdamped solution
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