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LECTURE 9.2 AGENDA

* Dynamic Circuits Introduction
* RC and RL Circuits

= Natural response (Homogeneous
response)
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DYNAMIC CIRCUITS

= Will Solve differential Equations for 15t
order circuits with simple inputs:
= Will solve only once
* Then write down y(t) by inspection

=For higher order circuits, we will develop
techniques to avoid solving differential
equations:
= Will need to introduce some math
= Laplace transforms
= Complex algebra

@ Rensselacr @

RC AND RL CIRCUITS

= We will first look at circuits containing 1 C (or
1 L) plus resistors:
=RC and RL Circuits
= Circuits with only 1 energy storage element
=> 1t order circuits
= Will look at “switched DC” inputs:
= Step function inputs
=DC, But with “steps”
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RC AND RL CIRCUITS

= Will learn how to analyze 1%t order circuits:

= We will actually solve a differential equation
only once

= Will also introduce initial and final conditions
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RC AND RL CIRCUITS

*Now wish to find v(t) analytically:
=Develop and solve differential equation
=Will need initial and final conditions
= Will then generalize to find the output of any 15t
order circuit with a switched DC input:
= Write down y(t) in terms of constants
=Find constants from the circuit
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RC CIRCUIT

v (%) c

- Vel(t)

Find and Sketch v (t)

RCCRCUT  ,  i=ip =i =c
dt

wo ) [ e e "

KVL: v, +vg =v,, (asaways)
Fort=0: v.+vy =V
V. +iR=V

dve _

Ve +RC Y,
dt
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DIFFERENTIAL EQUATIONS

*Solution to any differential
equation:
YO =Vu+ Ve =VntVr
* = Homogeneous + Particular
= Natural (yy)+ Forced (yg)
"yx = Y = Output when RHS =0
*ye= ¥p = Output forced by input
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dve _
RC CIRCUIT Ve +RC—S=V
R dt
N
t>0 FAVAE )
V Cﬁ) C ::vc
dV—C+ivc =V 1% Order Differential Equation
dt RC C
Constant Coefficients
@ Rensselacr @
RC CIRCUIT
Vin
\Y >

Vln(t) = Step Function
v,,(t) = Switched DC
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RC CIRCUIT

wo ) [ e e 7"

KVL: v, +vy =v,, (asaways)
Fort=0: vo+vg =V VC+RC%=
Vo +iR=V dt
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dve _

DIFFERENTIAL EQUATIONS

*Solution to Any Differential
Equation:
YO =YVat Ve =VntVr
= Homogeneous + Particular
= Natural (yy)+ Forced (yy)
*Yx = Vg = Output when RHS =0
*yr= Yp = Output Forced by Input
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RCCIRCUIT ve+RCGE=V
20 MV
+ vy - +
Qo
dV—C+ivc =V 1% Order Differential Equation
dt RC RC
Constant Coefficients
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RC CIRCUIT _Input
dve, 1, _ 17

7VC =
d RC RC

Evenif: Input =0...

There can be initial stored energy in circuit

Output is Called the Zero Input Response

RC CIRCUIT
dv. 1 _Vv
P VC =
d RC RC
Natural Response: V¢ (t) is Solution to:
dvg, , 1
d RC
Homogeneous Equation

=0
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RC CIRCUIT
do, 1, o gL
d RC RC
Assume: v, (t) =K,e* Ve (D) =K g%
st KleS( - A
sK,e” + RC =0 RC=7
s+i:O r = Time Constant

RC

- ~t/T
Characteristic Equation Von () =K,
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RC CIRCUIT

Ven (1)

Ky

e’ K, = .37K,

Ve () =Ke™”

@ Rensselacr @




ELECTRIC CIRCUITS
ECSE-2010

Lecture 9.2 '@'

LECTURE 9.2 AGENDA

= Forced response (Particular

@ Rensselaer
RC CIRCUIT
@ t=0: AN
t Vg T +

Vv C) C T v,

Ven () = Kle_t/r
Ve(t) =vey (@) +ve(t) Needto Find y (t
Natural+ Force(
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response)
* General RC and RL circuit
response
* Zero input and zero state
response
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RC CIRCUIT

For a Linear Syster

Forced Output Must Always Look Like tteput
For this RC Circuit, Input V for®
Therefore: V= Constar

=>v.(t) Must be a Constal

Assume ¥ (tF K
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RC CIRCUIT

R
MV

+ Vg - +

0
Y <+> C ==V,

VC (t) = VCN (t) + VCF(t)
V() =Ke"+K,
Must Use Initial and Final Conditiol
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t=

RC CIRCUIT

\Y

in

v,=0fort<0 V >
v.(0")=0 volts

No Initial Stored Energ

t
v, cannot change instantaneot. =>V¢(0") =0 volts
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RC CIRCUIT
R At t=0°
A, Ve, = Initial Value
t Vg T + of v

© C T Vo

Vo) =Kg"+K, fort=0

ve(0')=v, =K, +K,=v(07)=0 K,=-K,

RC CIRCUIT
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RC CIRCUIT Ast . oo
R

DC Steady Stat

+
\VJ icss=0 l Vess C is Open Circui

Vo) =Ke"+K, fort=0
Vegs =Vt » ©)=0+K,=V-0=V
K,=V

Vs = Final Value of v,
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Vin
v, =Vfort=0
\ >
Circuit will reach DC Steady Ste
All E's -0
dt
icss=0 C - Open Circui
t
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RC CIRCUIT
R

M\

+ Vg

Vo) =Kg"+K, fort=0
ve®=V(1-€e"") r=Rc
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RC CIRCUIT
Ve ()

Vess=V
.630V

Sketch of y (t]

Ve =0

V() =V(1-€"") t20 7r=RC
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RC CIRCUITS

R, Models Any RC Circui

Switched DC MV

+
v (1) (i) C Ve
Switch Time -
For More General

Initial Value Switched DC Cas Final Value

Ve(ty) = Ve, Ve(t = @) =Vess
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RC CIRCUITS

RT
t2t MV Note: Solution
Vo (1) - c __: is the Same Exce
_) T cfor (t—-t,)
Switched DC o
Switch Time |
=t Ve(®) =ven(®) +VCF(t)

Vc(t) = Kle‘(l‘lo)/f + K2 T = RTC
Use the More General Initial and FinahMes
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RC CIRCUITS

Ast . o DC Steady Stat

+ Cis Open Circui

Vi (t - ) Vess

V.ss = Final Value of v,
Vo) =K e K, fortzt, 7=R;C
Vegs =V (t - 0)=0+K,
Vess =K, ﬂ
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RC CIRCUITS General Switched DC Ca

T

Switched DC +,v\\,/:' — +
v, (t) +> T’ C =V,
Switch TimeN -
= tO r= RTC

V() = Vesst (Vo= V )€ 7 fort> t
i(t) = CdditC =>Same Form for Equatic

i(t) Sige+(i ,—i Qe fort>t,
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RC CIRCUITS

Att=t; AN

Ve(t) =Kg " +K, fort>t, r=R,C

Ve(to) =Ve(ty) =V =K +K
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RC CIRCUITS

General Switched DC Caq

R;
Switched DC +
v, (t) +> C ==V,
Switch TimeNs -
=1
V() =Ke " +K, fort>t, 7=R,C
K;=ve,—K, K, =Vess
V() = Vesst (V o= V )€ 7 fort> t
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RC CIRCUITS

General Switched DC Cq

T

; AN
Switched DC + oV, - +
v, (t) +> T’ C ==V,
Switch Time™T -
=t r=R;C

i(t) Sige*(i ;i Qe fort=t,
Vg (1) =iR =>Same Form for Equatic
Ve () = Viget (V go—V psd€ 77 fort= t,
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RC CIRCUITS

R General Switched DC Cag

Switched DC M\
+
v, (t) +> C =V,
Switch Time T -
= tO

Solution to Any Current or Voltage in K€t

YO =Yss+ (oY sde ™| fortz t,
r=R;C
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RL CIRCUITS

Solution to Any Current or Voltage in A&n
Circuit Containing 1 L plus R's,
Independent Sources and Dependent Sey
with a Switched DC Input:

| Y(t) = Ysst (Yo ysge_(t_%)/r fort= t.

S L CanFindy , Yo .7
Req Directly From Circuit

R, = Equivalent Resistance Seen at Termioéls
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DYNAMIC CIRCUITS
yt) =y, +Yp
Homogeneous Response Particular Resg
yt) =Yy +Ye
Natural Response Forced Respc
Yn =Y Ye=Ye

Y(t) =Yz +Yss
Zero-Input Response Zero-State Respi
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RC CIRCUITS

Solution to Any Current or Voltage in An
Circuit Containing 1 C plus R's,
Independent Sources and Dependent Sesy
with a Switched DC Input:
| () =Yss+ (Yo=Y s9e "

T= ReqC Can Findy , ¥ .7
Directly From Circuit

for t= t,

R., = Equivalent Resistance Seen at Termio&l§
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RC AND RL CIRCUITS

(1) = Ysst (Yo~ Ys9€ T fortz t,

y() =|y € T [+ yss (1- €47 for i
4 ..,

Zero Inpdt Respon: Zero State Respon

Output when Input
but there is Initial
Stored Energy (Initial "State" is Zero

Output when there is
No Initial Stored Energ
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