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Series RLC circuit

KVL: VR+VL+Vc—V0:>IR+Lf+C/Idt—\/o
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Series RLC circuit

KVL: VR+VL+Vc—V0:>IR+Lf+C/Idt Vo

Differentiating w. r. t. t, we get,

i 1
R—+L—t+—i=0.
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Series RLC circuit

KVL: VR+VL+Vc—V0:>IR+Lf+C/Idt Vo

Differentiating w. r. t. t, we get,
. . 1
R—+L—+—=i=0.
d’i R di 1

a second-order ODE with constant coefficients.
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Parallel RLC circuit
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Parallel RLC circuit

[ it ic

|0<D RS LE C::X

1 1 dv
KCL: j ic=lh=—=V+ — Vdt+C— = |
iR+ iL+ic =1l R +L/ + ot o
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Parallel RLC circuit

[ it ic

|0<D RS LE c::?

1 1 dv
KCL: iR+iL+iC:IO:>EV+Z/th+C—

= I
‘ 0
Differentiating w. r. t. t, we get,
1dv 1 d’v
- — V+C— =0.
R dt + L - dt?
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Parallel RLC circuit

[ it ic

|0<D RS LE C::X

1 1 dv
KCL: j ic=lh=—=V+ — Vdt+C— = |
iR+ iL+ic =1l R +L/ + ot o

Differentiating w. r. t. t, we get,

1dv 1 d?v
4+ ZV4+C— =0.
Rdt+L + dt?
2y 1 dVv 1
i.e.,d +—d—+—V:0,

dt? RC dt LC
a second-order ODE with constant coefficients.
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Series/Parallel RLC circuits
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Series/Parallel RLC circuits

* A series RLC circuit driven by a constant current source is trivial to analyze.
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Series/Parallel RLC circuits

* A series RLC circuit driven by a constant current source is trivial to analyze.
Since the current through each element is known, the voltage can be found in a

straightforward manner.

di 1
Ve=iR, V=L, Ve=— [ idt.
R=1 L at c C/I
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Series/Parallel RLC circuits

* A series RLC circuit driven by a constant current source is trivial to analyze.
Since the current through each element is known, the voltage can be found in a
straightforward manner.

di 1
VR=iR, Vi=L—, Vc=— idt.
R 3 L dt’ C C /
* A parallel RLC circuit driven by a constant voltage source is trivial to analyze.
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Series/Parallel RLC circuits

* A series RLC circuit driven by a constant current source is trivial to analyze.
Since the current through each element is known, the voltage can be found in a
straightforward manner.

. di 1 .
Ve=iR, V =L—, Vc=— /Idt.
dt C

* A parallel RLC circuit driven by a constant voltage source is trivial to analyze.
Since the voltage across each element is known, the current can be found in a
straightforward manner.

dVv 1
ir=V/R, ic=C—, ip = — Vdt.
ir /R, ic i L,/
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Series/Parallel RLC circuits

* A series RLC circuit driven by a constant current source is trivial to analyze.
Since the current through each element is known, the voltage can be found in a
straightforward manner.

. di 1 .
Ve=iR, V =L—, Vc=— /Idt.
dt C

* A parallel RLC circuit driven by a constant voltage source is trivial to analyze.
Since the voltage across each element is known, the current can be found in a
straightforward manner.

. . dv . 1
ir=V/R, ic=C—, L=~ /th.
dt L,

* The above equations hold even if the applied voltage or current is not constant,
and the variables of interest can still be easily obtained without solving a
differential equation.
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Series/Parallel RLC circuits

A general RLC circuit (with one inductor and one capacitor) also leads to a
second-order ODE. As an example, consider the following circuit:
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Series/Parallel RLC circuits

A general RLC circuit (with one inductor and one capacitor) also leads to a
second-order ODE. As an example, consider the following circuit:

i R; L

Vo (Gl R,
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Series/Parallel RLC circuits

A general RLC circuit (with one inductor and one capacitor) also leads to a
second-order ODE. As an example, consider the following circuit:

i R; L
+
Vo c==v Ro
di
Vo=Rii+L—+V 1
() 10+ dt+ (1)
dv 1
i=C—+ —V 2
i dt+R2 (2)
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Series/Parallel RLC circuits

A general RLC circuit (with one inductor and one capacitor) also leads to a
second-order ODE. As an example, consider the following circuit:

i R; L
+
Vo C=v R,

. di
VO:RII+LE+V (1)

v 1
i=C—+ —V 2
i ot + R, (2)

Substituting (2) in (1), we get

Vo=Ri[CV' + V/R] +L[CV"+V'/R] + V, 3)
V"[LC]+ V' [RiIC+ L/R]+ V[1+ Ri/Ro] = Vo (4)
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General solution

Consider the second-order ODE with constant coefficients,

d
o +ai+by: K (constant).
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General solution

Consider the second-order ODE with constant coefficients,
d? d
Ttg +ad—)t/ + by = K (constant).
The general solution y(t) can be written as,
y(£) =y () + yP)(),

where y("(t) is the solution of the homogeneous equation,

and y(P)(t) is a particular solution.
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General solution

Consider the second-order ODE with constant coefficients,
d? d
Ttg +ad—)t/ + by = K (constant).
The general solution y(t) can be written as,
y(£) =y () + yP)(),

where y("(t) is the solution of the homogeneous equation,

and y(P)(t) is a particular solution.

Since K = constant, a particular solution is simply y(P)(¢) = K /b.
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General solution

Consider the second-order ODE with constant coefficients,
d
el +ad—)t/ + by = K (constant).

The general solution y(t) can be written as,

y(2) =y () +yP(2),

where y("(t) is the solution of the homogeneous equation,

and y(P)(t) is a particular solution.
Since K = constant, a particular solution is simply y(P)(¢) = K /b.

In the context of RLC circuits, y(P)(t) is the steady-state value of the variable of
interest, i.e.,

yPr = lim y(t),

t— oo
which can be often found by inspection.
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General solution

For the homogeneous equation,
d’y | _dy
— ta— +by=0,
dt? dt Y
we first find the roots of the associated characteristic equation,
rP4+ar+b=0.

Let the roots be r; and r,. We have the following possibilities:
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General solution

For the homogeneous equation,
d’y | dy
—+a—+by=0,
dt? dt Y
we first find the roots of the associated characteristic equation,
rP+ar+b=0.
Let the roots be r; and r,. We have the following possibilities:

* r, rp are real, rn # r (“overdamped”)

y(h)(t) = C1 exp(rit) + G exp(rt).
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General solution

For the homogeneous equation,
d’y | dy
—+a—+by=0,
dt? dt Y
we first find the roots of the associated characteristic equation,
P+ar+b=0.
Let the roots be r; and r,. We have the following possibilities:
* r, rp are real, rn # r (“overdamped”)
y (1) = G exp(rit) + Co exp(rt).
* ri, rp are complex, ri» = o+ jw (“underdamped”)

y(t) = exp(at) [C cos(wt) + Casin(wt)].
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General solution

For the homogeneous equation,
d’y | dy
—+a—+by=0,
dt? dt Y
we first find the roots of the associated characteristic equation,
P+ar+b=0.
Let the roots be r; and r,. We have the following possibilities:
* r, rp are real, rn # r (“overdamped”)
y (1) = G exp(rit) + Co exp(rt).
* ri, rp are complex, ri» = o+ jw (“underdamped”)
y(t) = exp(at) [C cos(wt) + Casin(wt)].
* rp=r =« (“critically damped”)

yM(t) = exp(at) [C1 t+ G-
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Parallel RLC circuit

T T R=100

+ C=1uF
lo CD RS Lg Cv L=0.44mH
- lo = 100mA
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Parallel RLC circuit

T T R=100

+ C=1uF
lo CD RS Lg Cv L=0.44mH
- lo = 100mA

i(07)=0A =i (0t) = 0A.
V(0-)=0V = V(0*t)=0V.
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Parallel RLC circuit

iRyl yic R=10Q

+ C=1uF
lo CD RS '-?i Vv L=0.44mH
- lo = 100mA

il(07)=0A= i (0F) =0A.
V(0")=0V = V(0t)=0V.
d2v 1 dv 1

ey + ”C dr + Ic V =0 (as derived earlier)
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Parallel RLC circuit

T T R=100

+ C=1uF
lo CD RS Lg Cv L=0.44mH
- lo = 100mA

i(07)=0A= i (0")=0A.

V(O~)=0V = V(0+t)=0V.

d?v. 1 dv 1

ey + BC dt + Tc V =0 (as derived earlier)

The roots of the characteristic equation are (show this):

rn=-065x10°s"1 rn=-035x10°s"1.
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Parallel RLC circuit

T T R=100

+ C=1uF
lo CD RS Lg Cv L=0.44mH
- lo = 100mA

i(07)=0A= i (0")=0A.

V(O-)=0V = V(0*)=0V.

% + % % + i V =0 (as derived earlier)

The roots of the characteristic equation are (show this):
n=-065x10°s"1, n=-035x10°s"1.

The general expression for V/(t) is,

V(t) = A exp(nit) + B exp(rat) + V(c0),
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Parallel RLC circuit

T T R=100

+ C=1uF
lo CD RS Lg Cv L=0.44mH
- lo = 100mA

i(07)=0A =i (0t) = 0A.
V(0-)=0V = V(0*t)=0V.

v 1 dv 1
ey + ”C dr + Ic V =0 (as derived earlier)

The roots of the characteristic equation are (show this):
n=-065x10°s"1, n=-035x10°s"1.

The general expression for V/(t) is,

V(t) = A exp(rit) + B exp(rt) + V(c0),

i.e., V(t) = Aexp(—t/m1)+ B exp(—t/m) + V(0),
where 71 = —1/r1 = 15.4us, 7 = —1/r = 28.6 us.
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Parallel RLC circuit

i
Ast—>oo,V:L£:0V:>V(oo):OV.
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Parallel RLC circuit

i
Ast—>oo,V:L£:0V:>V(oo):OV.

= V(t) = A exp(—t/71) + B exp(—t/72),
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Parallel RLC circuit

di
Mt—+m,V=Lﬁf=0V:>Wmﬁ=OV
= V(t) = A exp(—t/71) + B exp(—t/72),

Since V(0T) = 0 V, we have,
A+B=0. 1
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Parallel RLC circuit

di
Mt—+m,V=Lﬁf=0V:>Wmﬁ=OV
= V(t) = A exp(—t/71) + B exp(—t/72),

Since V(0T) = 0 V, we have,
A+B=0. 1

dVv
Our other initial condition is i, (0") = 0 A, which can be used to obtain I(0+)'
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Parallel RLC circuit

di
Ast—>oo,V=L£=0V=> V(oo) =0 V.
= V(t) = A exp(—t/71) + B exp(—t/72),

Since V(0T) = 0 V, we have,
A+B=0. 1

dVv
Our other initial condition is i, (0") = 0 A, which can be used to obtain I(0+)'

1 dv
i(0%)y =1 — = vty —c¢ I(o*) =0 A, which gives
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Parallel RLC circuit

di
Ast—>oo,V=L£=0V=> V(oo) =0 V.
= V(t) = A exp(—t/71) + B exp(—t/72),

Since V(0T) = 0 V, we have,
A+B=0.

dVv
Our other initial condition is i, (0") = 0 A, which can be used to obtain I(0+)'

1 dv
i(0%)y =1 — = vty —c¢ I(o*) =0 A, which gives

(A/m1) + (B/m2) = —lo/C.
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Parallel RLC circuit

di
Ast—>oo,V=L£=0V=> V(oo) =0 V.
= V(t) = A exp(—t/71) + B exp(—t/72),

Since V(0T) = 0 V, we have,
A+B=0. 1

dVv
Our other initial condition is i, (0") = 0 A, which can be used to obtain I(0+)'
1 dv
il(0") =1l — = V(0") — C —(0") = 0 A, which gives
R dt
(A/m) + (B/72) = —ho/C. (2)
From (1) and (2), we get the values of A and B, and

V(t) = —3.3[exp(—t/m1) — exp(—t/m2)] V. 3)
(SEQUEL file: ee101._rlc_1.sqproj)
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Parallel RLC circuit

di
Ast—>oo,V=L£=0V=> V(oo) =0 V.
= V(t) = A exp(—t/71) + B exp(—t/72),

Since V(0T) = 0 V, we have,
A+B=0.

dVv

Our other initial condition is i, (0") = 0 A, which can be used to obtain I(0+)'

1 dv
il(0") =1l — = V(0") — C —(0") = 0 A, which gives

R dt

(A/Tl) + (B/Tz) = —Io/C.
From (1) and (2), we get the values of A and B, and
V(t) = —3.3[exp(—t/m1) — exp(—t/m2)] V.

(SEQUEL file: ee101_rlc_1.sqproj)

100
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IR [ ic R=1002
1T cur 06 -
b CD RS LS C=V L oamn 04 -
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Series RLC circuit: home work
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Series RLC circuit: home work

L=1 mH
C=1puF

(a) Show that the condition for critically damped response is R = 63.20.
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Series RLC circuit: home work

L=1 mH
C=1puF

(a) Show that the condition for critically damped response is R = 63.2 Q.

(b) For R =20%, derive expressions for i(t) and V| (t) for t > 0 (Assume that
Vc(07)=0V and i (07)=0A). Plot them versus time.
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Series RLC circuit: home work

L=1 mH
C=1puF

(a) Show that the condition for critically damped response is R = 63.2 Q.

(b) For R =20%, derive expressions for i(t) and V| (t) for t > 0 (Assume that
Vc(07)=0V and i (07)=0A). Plot them versus time.
(c) Repeat (b) for R = 100€.
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Series RLC circuit: home work

L=1 mH
C=1puF

(a) Show that the condition for critically damped response is R = 63.2 Q.

(b) For R =202, derive expressions for i(t) and V| (t) for t > 0 (Assume that
Vc(07)=0V and i (07)=0A). Plot them versus time.

(c) Repeat (b) for R = 100€.

(d) Compare your results with the following plots.
(SEQUEL file: ee101_rlc_2.sqproj)
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Series RLC circuit: home work

L=1 mH
C=1puF

(a) Show that the condition for critically damped response is R = 63.2 Q.

(b) For R =20%, derive expressions for i(t) and V| (t) for t > 0 (Assume that
Vc(07)=0V and i (07)=0A). Plot them versus time.

(c) Repeat (b) for R = 100€.

(d) Compare your results with the following plots.
(SEQUEL file: ee101_rlc_2.sqproj)
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