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* If all sources are DC (constant), V7, = constant.

V
ﬂ+‘/*>dv v Th

* KVL: Vi, = Rrpi+v = Vi = R C — + =
Th Th Th e dt T RpC - RmC

* Homogeneous solution:

d 1 \% Coul
had + — v =0, where 7 = Ry, C is the “time constant.” <7 X ou >
dt 7 Coul/sec v

dv dt
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* Particular solution is a specific function that satisfies the differential equation. We know that all time
derivatives will vanish as t — oo, making i = 0, and we get v(P) = V7, as a particular solution (which

happens to be simply a constant).
* v=v 4 vP) = K exp(—t/7) + V3.
* In general, v(t) = A exp(—t/7) + B, where A and B can be obtained from known conditions on v.
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RC circuits with DC sources (continued)

Circuit .

ircui

(resistors, ail
voltage sources, v ¢ =
current sources, B _
CCVS, CCCS, _

VCVS, VCCS) .

* |f all sources are DC (constant), we have
v(t) = Aexp(—t/7)+ B, 7= RmC.

d 1
*x i(t)=C T ocCcxA exp(—t/T) (—7) = A exp(—t/T).
dt T
* As t — oo, i — 0, i.e., the capacitor behaves like an open circuit since all derivatives vanish.

* Since the circuit in the black box is linear, any variable (current or voltage) in the circuit can be
expressed as
x(t) = K1 exp(—t/7) + K2,
where Kj and K can be obtained from suitable conditions on x(t).
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Plot of f(t)=e /T

t/T e t/T 1—et/7
0.0 1.0 0.0

1.0 0.3679 0.6321
2.0 0.1353 0.8647
3.0 4.9787x1072 | 0.9502
4.0 1.8315x10~2 | 0.9817
5.0 6.7379x1073 | 0.9933
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* If all sources are DC (constant), V7, = constant.
di

* KVL: Vi = Rypi+ L= .
dt

* Homogeneous solution:
di

1
& Zi=0, where T =L/R
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— i = K exp(—t/T).

M. B. Patil, IIT Bombay



RL circuits with DC sources

Circuit .
ircui
(resistors, N J
voltage sources, M L f—
current sources, -
CCVS, CCCS, -~
VCVS, VCCS)

B

* If all sources are DC (constant), V7, = constant.
di
* KVL: Vi = Rmpi+L—.
Th Th ot

* Homogeneous solution:
di 1

— 4+ =i=0, where 7 = L/Rpy,
dt 1
— i = K exp(—t/T).

* Particular solution is a specific function that satisfies the differential equation. We know that all time
derivatives will vanish as t — oo, making v = 0, and we get i) = Vrh/R7h as a particular solution
(which happens to be simply a constant).

M. B. Patil, IIT Bombay



RL circuits with DC sources

Circuit .
ircui
(resistors, N J
voltage sources, M L f—
current sources, -
CCVS, CCCS, -~
VCVS, VCCS)

B

* If all sources are DC (constant), V7, = constant.
di
* KVL: Vi = Rmpi+L—.
Th Th ot

* Homogeneous solution:
di 1

— 4+ =i=0, where 7 = L/Rpy,
dt 1
— i = K exp(—t/T).

* Particular solution is a specific function that satisfies the differential equation. We know that all time
derivatives will vanish as t — oo, making v = 0, and we get i) = Vrh/R7h as a particular solution
(which happens to be simply a constant).

x =i 4+i(P) = K exp(—t/7) + Vru/R1p .

M. B. Patil, IIT Bombay



RL circuits with DC sources

Circuit .
ircui
(resistors, * J
voltage sources, M L f—
current sources, -
CCVS, CCCS, -~
VCVS, VCCS)

B

* If all sources are DC (constant), V7, = constant.
di
* KVL: Vi = Rmpi+L—.
Th Th ot

* Homogeneous solution:
di 1

—I—l—fi:O, where 7 = L/Rpy,
dt 1
— i = K exp(—t/T).

* Particular solution is a specific function that satisfies the differential equation. We know that all time
derivatives will vanish as t — oo, making v = 0, and we get i) = Vrh/R7h as a particular solution
(which happens to be simply a constant).

x =i 4+i(P) = K exp(—t/7) + Vru/R1p .

* In general, i(t) = A exp(—t/7) + B, where A and B can be obtained from known conditions on i.

M. B. Patil, IIT Bombay



RL circuits with DC sources (continued)

irou A
ircuit
(resistors, T
voltage sources, M L =
current sources, _
CCVS, CCCS, _
VCVS, VCCS)

B

* |f all sources are DC (constant), we have
i(t)=Aexp(—t/T)+ B, 7=L/Rs.

M. B. Patil, IIT Bombay



RL circuits with DC sources (continued)

irou A
ircuit
(resistors, T
voltage sources, M L =
current sources, _
CCVS, CCCS, _
VCVS, VCCS)

B

* |f all sources are DC (constant), we have
i(t)=Aexp(—t/T)+ B, 7=L/Rs.

* v(t) = L% =L x Aexp(—t/T) (—%>

A" exp(—t/T).

M. B. Patil, IIT Bombay



RL circuits with DC sources (continued)
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RL circuits with DC sources (continued)
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* |f all sources are DC (constant), we have
i(t)=Aexp(—t/T)+ B, 7=L/Rq.

* v(t) = L% =L xAexp(—t/T) (—%) = A exp(—t/T).

* As t — 0o, v — 0, i.e., the inductor behaves like a short circuit since all derivatives vanish.

* Since the circuit in the black box is linear, any variable (current or voltage) in the circuit can be
expressed as
x(t) = K1 exp(—t/7) + K2,
where Kj and K can be obtained from suitable conditions on x(t).
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RC circuits: Can V. change “suddenly?”

* Vs changes from 0V (at t =07), to 5V (at t = 0T). As a result of this change, V. will rise. How fast
can V. change?
* For example, what would happen if V. changes by 1V in 1 us at a constant rate of 1 V/ /1 us=10° V//s?

* i:CdVC
dt

Vv
=1pFx108 = =1A.
s
* With i =1A, the voltage drop across R would be 1000 V! Not allowed by KVL.

* We conclude that V-(0") = V(0~) = A capacitor does not allow abrupt changes in V. if there is a finite
resistance in the circuit.

* Similarly, an inductor does not allow abrupt changes in i.
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Let v(t) = Aexp(—t/7) + B, t>0 (A)
Conditions on v(t):
@ v(07) =Vs(07) =0V
v(0H) ~v(07) =0V
Note that we need the condition at 0" (and not at 0~)

because Eq. (A) applies only for t > 0.

(2 Ast — 00,i — 0 — v(oc0) = Vs(00) =V

Imposing (1) and (2) on Eq. (A), we get
t=0"0=A+B,
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ie, B=Vo,A=—V,

v(t) = Vo [1 — exp(—t/7)]

Let v(t) = Aexp(—t/7) +B, t>0 (A)

Conditions on v(t):

@ v(07) = Vs(07) = Vo
v(0F) ~v(07) =V,
Note that we need the condition at 0" (and not at 07)
because Eq. (A) applies only for t > 0.

(2 Ast — 00 ,i— 0 — v(00) = Vs(o0) =0V

Imposing (1) and (2) on Eq. (A), we get
t=0"Vo=A+B,
t—o0:0=B.

ie, A=V,,B=0



RC circuits: charging and discharging transients

Let v(t) = Aexp(—t/7) + B, t>0 (A)
Conditions on v(t):
@ v(07) =Vs(07) =0V
v(0H) ~v(07) =0V
Note that we need the condition at 0" (and not at 0~)

because Eq. (A) applies only for t > 0.

(2 Ast — 00,i — 0 — v(oc0) = Vs(00) =V

Imposing (1) and (2) on Eq. (A), we get
t=0"0=A+B,
t—o00: Vo =B.

ie, B=Vo,A=—V,

v(t) = Vo [1 — exp(—t/7)]

Let v(t) = Aexp(—t/7) +B, t>0 (A)
Conditions on v(t):
@ v(07) = Vs(07) = Vo
v(0F) ~v(07) =V,
Note that we need the condition at 0" (and not at 07)
because Eq. (A) applies only for t > 0.
(2 Ast — 00 ,i— 0 — v(00) = Vs(o0) =0V
Imposing (1) and (2) on Eq. (A), we get
t=0"Vo=A+B,
t—o0:0=B.
ie, A=V,,B=0
v(t) = Vo exp(—t/7)
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RC circuits: charging and discharging transients

Compute i(t), t > 0.



RC circuits: charging and discharging transients

Compute i(t), t > 0.
(A) i()=c % Vo [1 — exp(—t/7)]

= %exp(ft/f) = %exp(*t/7>



RC circuits: charging and discharging transients

Compute i(t), t > 0.

(A) i()=c % Vo [1 — exp(—t/7)]

= P exp(t/7) = W exp(~t/7)
(B) Leti(t)=A"exp(—t/7)+B', t>0.
t=0:v=0, Vs = Vo = i(0%) = Vo/R.
t— o0 i(t) =0.

Using these conditions, we obtain

Vo o _ Vo
A= R Bf()él()fRexp( t/7)



RC circuits: charging and discharging transients

Compute i(t), t > 0.

(A) i()=c % Vo [1 — exp(—t/7)]

= P exp(t/7) = W exp(~t/7)
(B) Leti(t)=A"exp(—t/7)+B', t>0.
t=0:v=0, Vs = Vo = i(0%) = Vo/R.
t— o0 i(t) =0.

Using these conditions, we obtain

Vo o _ Vo
A= R Bf()él()fRexp( t/7)

Compute i(t), t > 0.




RC circuits: charging and discharging transients

Compute i(t), t > 0. Compute i(t), t > 0.
(A) i(t)=C % Vo [1 — exp(—t/7)] (A) i(ty=C % Vo [exp(—t/7)]

= % exp(—t/7) = % exp(—t/7) = 7% exp(—t/7) = 7% exp(—t/7)
(B) Leti(t) =A"exp(—t/7)+ t>0.

t=0":v=0, Vs =V, =i(0%) = Vo/R.
t— o0 i(t) =0.

Using these conditions, we obtain

Vo o _ Vo
A= R Bf()él()fRexp( t/7)



RC circuits: charging and discharging transients

Compute i(t), t > 0.
(A) i()=c % Vo [1 — exp(—t/7)]
= % exp(—t/7) = % exp(—t/7)

(B) Leti(t) =A"exp(—t/7)+ t>0.

t=0"v=0, Vs =V, =i(0%) = Vo/R.

t— o0 i(t) =0.

Using these conditions, we obtain

Vo o _ Vo
A= R Bf()él()fRexp( t/7)

Compute i(t), t > 0.

()

(B)

i(6) = C 2 Vo fexp(—t/7)]
— =Y ep(t/7) = — Y0 exp(—t/7)
T R
Leti(t) = A'exp(—t/7) +B', t>0.
t=0":v=Vy, Vs=0=i0") =—-Vo/R.
t—o0:i(t)=0.
Using these conditions, we obtain

;L / Ve
A= R B'=0=it) Rexp( t/7)
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RC circuits: charging and discharging transients

R=1k

v(t) = Vo [1 — exp(—t/7)]

i(t) = % exp(—t/7)



RC circuits: charging and discharging transients

R=1k

v(t) = Vo [1 — exp(—t/7)]

i(t) = % exp(—t/7)

Vs

v (Volts)




RC circuits: charging and discharging transients

R=1k

v(t) = Vo [1 — exp(—t/7)]

i(t) = % exp(—t/7)

Vs

v (Volts)

time (msec)



RC circuits: charging and discharging transients

R=1k R=1k
Vs
o 5V
Vs v C
_ | 1uF
ov t
v(t) = Vo [1 - exp(-t/7)] v(t) = Voexp(—t/7)
. V, . V,
i(t) = %exp(—t/ﬂ i(t) = —F“ exp(—t/7)
5L
Vs
z | v ]
K
2 L 1
>
0 4
N T T S ST N R N
T T T T T T T T
5L
< |
E
0
I I I I
2 0 2 4 6 8

time (msec)



RC circuits: charging and discharging transients

R=1k R=1k
Vs
+ 1 5V
Vs v
1uF
ov t
v(t) = Vo [1 - exp(-t/7)] v(t) = Voexp(—t/7)
. V, . V,
i(t) = %exp(—t/ﬂ i(t) = —F“ exp(—t/7)
5+ 5 4
Vs
z | v ] g 1
o 2
2 L 1 S L 1
> 2 v
L 4 > L 4
0 1 0r
N T T S ST N R N
T T T T T T T T
5L
< |
E
0

time (msec)



RC circuits: charging and discharging transients

R=1k R=1k
Vs
+ 1 5V
Vs v
1 uF
oV t
v(t) = Vo [1 — exp(—t/7)] v(t) = Voexp(—t/7)
i(t) = ﬁe><p(—t/7) i(t) = Y exp(—t/7)
R R
5 5 q
Vs
z | v ] g 1
o 2
2 | | S | |
> Z \
|- 4 > |- 4
0 q 0r
O T O S S S S T S S N
T T T T T T T T T T T T T T
51 0
< | < |
E E
0 -5F
| | . | | | . .
-2 0 2 4 6 8 -2 0 2 4 6 8
time (msec) time (msec)
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RC circuits: charging and discharging transients

Vs
! 5V
—C=1uF
oV — t t
v(t) = Vo [1 — exp(—t/7)] v(t) = Voexp(—t/7)
T T T
R =100 Q

v (Volts)

-1 0 1 2 3 4 5 6
time (msec) time (msec)
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Analysis of RC/RL circuits with a piece-wise constant source

* |dentify intervals in which the source voltages/currents are constant.

For example, v
: t<t
Qti<t<t
(B)t>t
0 t; to
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Analysis of RC/RL circuits with a piece-wise constant source

* |dentify intervals in which the source voltages/currents are constant.

For example, v
: t<t
Qti<t<t
(B)t>t
0 t; to

* For any current or voltage x(t), write general expressions such as,
x(t) = Ay exp(—t/T)+ B1, t<t,
x(t) = A exp(—t/T)+ B, t<t<t,
X(t):A3 eXp(ft/T)Jng, t>t.
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Analysis of RC/RL circuits with a piece-wise constant source

* |dentify intervals in which the source voltages/currents are constant.

For example, v
: t<t
Qti<t<t
(B)t>t
0 t; to

For any current or voltage x(t), write general expressions such as,
x(t) = Ay exp(—t/T)+ B1, t<t,

x(t) = A exp(—t/T)+ B, t<t<t,

X(t):A3 eXp(ft/T)Jng, t>t.

* Work out suitable conditions on x(t) at specific time points using
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Analysis of RC/RL circuits with a piece-wise constant source

* |dentify intervals in which the source voltages/currents are constant.
For example,

Vs
1 t<ty
Qti<t<t
(B)t>t
0 ty ta

* For any current or voltage x(t), write general expressions such as,
x(t) = A1 exp(—t/7T)+ B, t<ti,
x(t) = Az exp(—t/7T)+ B2, 1 <t<t,
x(t) = Az exp(—t/T)+ B3, t>t.

* Work out suitable conditions on x(t) at specific time points using

(a) If the source voltage/current has not changed for a “long” time
(long compared to 7), all derivatives are zero.
dv. diy

= ic=
¢ dt dt
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Analysis of RC/RL circuits with a piece-wise constant source

* |dentify intervals in which the source voltages/currents are constant.
For example,

Vs
1 t<ty
Qti<t<t
(B)t>t
0 ty ta

* For any current or voltage x(t), write general expressions such as,
x(t) = A1 exp(—t/7T)+ B, t<ti,
x(t) = Az exp(—t/7T)+ B2, 1 <t<t,
x(t) = Az exp(—t/T)+ B3, t>t.

* Work out suitable conditions on x(t) at specific time points using

(a) If the source voltage/current has not changed for a “long” time
(long compared to 7), all derivatives are zero.
dv, diy
dt dt
(b) When a source voltage (or current) changes, say, at t = tp,
Vc(t) or i (t) cannot change abruptly, i.e.,
Ve(td) = Ve(ty), and ir(t5) = ic(t5) -

= ic=C

M. B. Patil, IIT Bombay



Analysis of RC/RL circuits with a piece-wise constant source

* |dentify intervals in which the source voltages/currents are constant.
For example,

Vs
1 t<ty
Qti<t<t
(B)t>t
0 ty ta

* For any current or voltage x(t), write general expressions such as,
x(t) = A1 exp(—t/7T)+ B, t<ti,
x(t) = Az exp(—t/7T)+ B2, 1 <t<t,
x(t) = Az exp(—t/T)+ B3, t>t.

* Work out suitable conditions on x(t) at specific time points using

(a) If the source voltage/current has not changed for a “long” time
(long compared to 7), all derivatives are zero.
dv, diy
dt dt
(b) When a source voltage (or current) changes, say, at t = tp,
Vc(t) or i (t) cannot change abruptly, i.e.,
Ve(td) = Ve(ty), and ir(t5) = ic(t5) -

* Compute A1, Bi, -+ using the conditions on x(t).

= ic=C
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RL circuit: example

Ri=10Q
Ry =400
L=0.8H
to=0

U 4 =01s

Find i(t).



RL circuit: example

R;=100Q
Ry=400Q
L=0.8H
to=0
U 4 =01s
Find i(t).
There are three intervals of constant Vi:
(1) t<to

2 to<t<ty
B)t>t



RL circuit: example

R;=100Q
Ry=400Q
L=0.8H
to=0
U 4 =01s
Find i(t).
There are three intervals of constant Vi:
(1) t<to
2 to<t<ty
B)t>t

Rt seen by L is the same in all intervals:

Rth=R;||R: =80Q

7=L/Rm
=0.8H/8Q
=01s




RL circuit: example

R1=100Q
R, =400Q
L=0.8H
to=0
U 4 =01s
Find i(t). _
Att=t;,v=0V,V;=0V.
There are three intervals of constant Vi: =i(t;)=0A=it{)=0A.
(1) t<to
2 to<t<ty
B)t>t

Rt seen by L is the same in all intervals:

Rth=R;||R: =80Q

7=L/Rm
=0.8H/8Q
=01s




RL circuit: example

Find i(t).

There are three intervals of constant Vi:
(1) t<to

2 to<t<ty

B)t>t

Rt seen by L is the same in all intervals:

Rth=R;||R: =80Q

7=L/Rm
=0.8H/8Q
=01s

R;=100Q

Ry =400

L=0.8H

to=0

t;=0.1s
Att=t;,v=0V,V,=0V.
=i(ty) =0A=i(tf) =0A.
If V¢ did not change at t = t;,
we would have

Vs

0V

to ty

v(00) =0V, i(00) =10 V/10 @ =1 A.



RL circuit: example

Ri1=10Q
R, =409
L=0.8H
to=0
v g=01s
Find i(t). Attets ve B
=ty5,v=0V,V;=0V.
There are three intervals of constant Vi: =i(t;)=0A=it{)=0A.
Dt<t
) 0 If V¢ did not change at t = t;,
2 to<t<ty
we would have
B)t>t
. ) ) Vs
Rt seen by L is the same in all intervals:
10V
Rth=R;||R: =80Q .
7=L/Rm to t
=08H/80 v(co) =0V, i(o0) =10 V/10 Q = 1 A.

=01
s Using i(td) and i(o0), we can obtain

i(t), t > 0(See next slide).
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RL circuit: example

Ry =100
R, = 40
L=08H
tp=0
U 4 =o01s
) S A B ]
a
€
<
0 Il Il ]

| |
0 02 04 06 08
time (sec)



RL circuit: example

v, Ry =109
Ry = 4092
oV
L=08H
tp=0
P ton=o01s
I F S R— ]
o 1
5
< 4
0 | | ]

| |
0 02 04 06 08
time (sec)

In reality, Vs changes at t = t;,
and we need to work out the

solution for t > t; separately.



RL circuit: example

v, Ry =109
Ry = 4092
oV
L=08H
tp=0
P ton=o01s

For to <t < ty, i(t) = 1 — exp(—t/7) Amp.
Consider t > t;.

i (Amp)

| | |
0 02 04 06 08
time (sec)

In reality, Vs changes at t = t;,
and we need to work out the

solution for t > t; separately.



RL circuit: example

v, Ry =100
R, =400
10V
Ry L=0.8H
tp=0
P ton=o01s

For to <t < ty, i(t) = 1 — exp(—t/7) Amp.
Consider t > t;.

i(tH) =i(ty) =1—e1=0.632 A (Note: t;/7 =1).
i(00) =0 A.

i (Amp)

0 | | | ]
0 02 04 06 08

time (sec)

In reality, Vs changes at t = t;,
and we need to work out the

solution for t > t; separately.



RL circuit: example

v, Ry =100
R, =400
10V
Ry L=0.8H
tp=0
P ton=o01s

For to <t < ty, i(t) = 1 — exp(—t/7) Amp.
Consider t > t;.

i(tH) =i(ty) =1—e1=0.632 A (Note: t;/7 =1).
i(00) =0 A.

Let i(t) = Aexp(—t/7) + B.

i (Amp)

0 | | | ]
0 02 04 06 08

time (sec)

In reality, Vs changes at t = t;,
and we need to work out the

solution for t > t; separately.



RL circuit: example

v, R, =100

i (Amp)

0 | | | ]
0 02 04 06 08

time (sec)

In reality, Vs changes at t = t;,
and we need to work out the

solution for t > t; separately.

R, =400

10V
Ry L=0.8H
tp=0
t

ty t; =0.1s

For to <t < ty, i(t) = 1 — exp(—t/7) Amp.
Consider t > t;.

i(tH) =i(ty) =1—e1=0.632 A (Note: t;/7 =1).
i(00) =0 A.

Let i(t) = Aexp(—t/7) + B.

It is convenient to rewrite i(t) as

i(t) = Aexp[—(t — t1)/7] + B.



RL circuit: example

v, Ry =100
R, =400
10V
Ry L=0.8H
tp=0
P ton=o01s

P I R A For to <t <ty i(t) =1 —exp(—t/7) Amp.
Consider t > t;.
T i(tH) =i(ty) =1—e1=0.632 A (Note: t;/7 =1).
< i(00) =0 A.
Let i(t) = Aexp(—t/7) + B.
0 | | | l It is convenient to rewrite i(t) as
0 02 04 06 08 i(t) = Aexp[—(t — t1)/7] + B.
time (sec)

Using i(t]") and i(c0), we get
In reality, Vs changes at t = tg, i(t) = 0.632exp[—(t — t1)/7] A.
and we need to work out the

solution for t > t; separately.
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RL circuit: example

R, =100
R, =400
L=0.8H
to=0

t; =0.1s

i(t) = 0.632exp[—(t — t1)/7] A.

i (Amp)

| | |
0 02 04 06 08
time (sec)




RL circuit: example

R, =100
R, =400
L=0.8H
to=0

t t; =0.1s

oV

Combining the solutions for ty <t < t; and t > t;,

we get
1 | i
i W 0 ]
a J
g L
< i —~
— Q. =
£
i < |
0 I i L
0 0.2 0.4 0.6 0.8
0 1 1 1

time (sec) 0 0.2 0‘4 06 08
time (sec)

(SEQUEL file: ee101_rl1.sqproj)
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RC circuit: The switch has been closed for a long time and opens at t =0.
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t<0 t>0



RC circuit: The switch has been closed for a long time and opens at t =0.

t<0 t>0
t =07 capacitor is an open circuit = i(07) =6 V/(5 k+ 1 k) =1 mA.



RC circuit: The switch has been closed for a long time and opens at t =0.

t<0 t>0
t =07 capacitor is an open circuit = i(07) =6 V/(5 k+ 1 k) =1 mA.
ve(07) =i(07)R, =5V = v (0") =5V



RC circuit: The switch has been closed for a long time and opens at t =0.

t<0 t>0
t =07 capacitor is an open circuit = i(07) =6 V/(5 k+ 1 k) =1 mA.
ve(07) =i(07)R, =5V = v (0") =5V
=i(0*) =5V/(5 k+5 k) = 0.5 mA.



RC circuit: The switch has been closed for a long time and opens at t =0.

t<0 t>0
t =07 capacitor is an open circuit = i(07) =6 V/(5 k+ 1 k) =1 mA.
ve(07) =i(07)R, =5V = v (0") =5V
=i(07) =5V/(5 k+5k) =05 mA.

Let i(t) = Aexp(-t/7) + B for t > 0, with 7 = 10 k x 5 uF = 50 ms.



RC circuit: The switch has been closed for a long time and opens at t =0.

t<0 t>0
t =07 capacitor is an open circuit = i(07) =6 V/(5 k+ 1 k) =1 mA.
ve(07) =i(07)R, =5V = v (0") =5V
=i(07) =5V/(5 k+5k) =05 mA.

Let i(t) = Aexp(-t/7) + B for t > 0, with 7 = 10 k x 5 uF = 50 ms.

Using i(0") and i(c0) = 0 A, we get
i(t) = 0.5exp(-t/7) mA.



RC circuit: The switch has been closed for a long time and opens at t =0.

t<0 t>0
t =07 capacitor is an open circuit = i(07) =6 V/(5 k+ 1 k) =1 mA.
ve(07) =i(07)R, =5V = v (0") =5V
=i(07) =5V/(5 k+5k) =05 mA.

Let i(t) = Aexp(-t/7) + B for t > 0, with 7 = 10 k x 5 uF = 50 ms.

Using i(0") and i(c0) = 0 A, we get
i(t) = 0.5exp(-t/7) mA.

time (sec) 05



RC circuit: The switch has been closed for a long time and opens at t =0.

t<0 t>0
t =07 capacitor is an open circuit = i(07) =6 V/(5 k+ 1 k) =1 mA.
ve(07) =i(07)R, =5V = v (0") =5V
=i(07) =5V/(5 k+5k) =05 mA.

Let i(t) = Aexp(-t/7) + B for t > 0, with 7 = 10 k x 5 uF = 50 ms.

Using i(0") and i(c0) = 0 A, we get
i(t) = 0.5exp(-t/7) mA.

ic (mA)

time (sec) 0.5 0 time (sec) 0.5 0 time (sec) 05



RC circuit: The switch has been closed for a long time and opens at t =0.

t<0 t>0
t =07 capacitor is an open circuit = i(07) =6 V/(5 k+ 1 k) =1 mA.
ve(07) =i(07)R, =5V = v (0") =5V
=i(0*) =5V/(5 k+5 k) = 0.5 mA.
Let i(t) = Aexp(-t/7) + B for t > 0, with 7 = 10 k x 5 uF = 50 ms.

Using i(0") and i(c0) = 0 A, we get
i(t) = 0.5exp(-t/7) mA. (SEQUEL file: ee101_rc2.sqproj)

ic (mA)
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RC circuit: example

R ic ‘ ‘ ‘ ‘
MW 0 o T o O I O
5k
MCDVS C== Vc i
1uF = L J
- >
> F N 3
= LN 4
/\
0 R e T T =L == == ===
1 1 n 1 1
2 T T T T T
1r 4
<
E
L
0 - -
L~
%
—1 . I . L . I . I .
0 10 20 30 40 50

t (msec)
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RC circuit: example

R ic ‘ ‘ ‘ ‘
A% 1 e e R e I E e e E i n S B
5k
®vs C==Vc = | i
1uF = L J
- 2
> N Y
= LN i
Find expressions for V¢ (t) and ic(t) in /\
steady state (in terms of R, C, Vg, T1, o 20 N N N N D N N D B N N N B A O
T2). 2 : : : ; : : : :
Vo
1r 4
<
E
L
0 - -
L~
0—_ — %
T T —1 . | . L " | . | s
0 10 20 30 40 50

t (msec)
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RC circuit: example

1
+ A N
CD Vs C== V¢ Ve 0
_ VN
0—

T T, —l [P E—
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RC circuit: example

R lc
A
+ A
T Gvs C== Ve
_ V1\
0—

VO 1

Vs

Ve

Ta

T2
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RC circuit: example

R lc
A
+ A
T Gvs C== Ve
_ V1\
0—

vi(0)=vi, v¥(s0) = Vo

VO 1

Vs

Ve

Ta

T2
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RC circuit: example

R e Vo Vs Ih
W\/ Ic
+ A
CD Vs C== V¢ Ve 0
_ va Y
T T, [ S DU S

vi(0)=vi, v¥(s0) = Vo
— BZVo,A:\/l—Vo.
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RC circuit: example

R e Vo Vs Ih
W\/ Ic
+ A
CD Vs C== V¢ Ve 0
_ va Y
T T, I va— |

vi(0)=vi, v¥(s0) = Vo
— BZVo,A:\/l—Vo.

VO = (o —V)e "+ Vo (1)
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RC circuit: example

R c Vo Vs h
VWV ic
+ Vs
M Ct) Vs C=—= V¢ Ve 0
_ Vi Y
0— |
T T, I S — |

vi(0)=vi, v¥(s0) = Vo
— B=Vy, A=V — V.

V() = (Vo — Vi)e /" + Vg (1)
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RC circuit: example

R c Vo Vs h
VWV ic
+ Vs
M Ct) Vs C=—= V¢ Ve 0
_ Vi Y
0— |
T T, I S — |

vi(0)=vi, v¥(s0) = Vo
— B=Vy, A=V — V.

V() = (Vo — Vi)e /" + Vg (1)

V(1) = Vs, VP (o0) = 0
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RC circuit: example

R ic Vo
A
+ Vs
T Gvs C== Ve
_ Vi Y
0—

vi(0)=vi, v¥(s0) = Vo
— B=Vy, A=V — V.

V() = (Vo — Vi)et/7 + Vg

V(1) = Vs, VP (o0) = 0
— B =0 A =V,e/7,

Ta

Vs

Ve

T2

1)
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RC circuit: example

R ic Vo
A
+ Vs
T Gvs C== Ve
_ Vi Y
0—

vi(0)=vi, v¥(s0) = Vo
— B=Vy, A=V — V.

V() = (Vo — Vi)et/7 + Vg

Ta

V(1) = Vs, VP (o0) = 0
— B =0 A =V,e/7,

VO (t) = Voe =T/

Vs

Ve

T2

1)

()
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RC circuit: example

Vo

I

R e Vs
aA% ic
+ \%
M Ct) Vs C=—= V¢ Ve 0
S nd
0—

T T, =l

Let Vél)(t) = Aet/T+B Now use the conditions:

V(l)( Tl) V2 V(2)( T1 T2) V1.
C 1V C
Vél)(()) =V, V(:l)(oo) =W

— B=W, A=V —VW.

<T—1>‘ T,

Vél)(f) =—(Vo—V1)e /" + (1)
VéQ)(Tl) =V, VéQ)(oo) =0
— B' =0, A =Vy,e/7,

vE(t) = Voe (t-T0)/7 (2)

M. B. Patil, IIT Bombay



RC circuit: example

i
L CD Vs C== V¢

Vo

Vs

VRN
0—

vi(0)=vi, v¥(s0) = Vo
— BZVo,A:\/l—Vo.

vE(t) = =(Vo — Vi)e /7 + Vg

VéQ)(Tl) =V, VéQ)(OO) =0
— B'=0, A =Voel/7,

Vé2)(t) = Vye (t=T1)/7

Ta

Vs

Ve

Ih

T2

1)

()

—l [PE— |
T T,

Now use the conditions:
vE(T) = Vo, VO(Ti + T) = vi.
Vo= —(Vo—W)e /7 1 vy (3)
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RC circuit: example

i
L CD Vs C== V¢

Vo

Vs

VRN
0—

vi(0)=vi, v¥(s0) = Vo
— BZVo,A:\/l—Vo.

vE(t) = =(Vo — Vi)e /7 + Vg

VéQ)(Tl) =V, VéQ)(OO) =0
— B'=0, A =Voel/7,

Vé2)(t) = Vye (t=T1)/7

Ta

Vs

Ve

Ih

T2

1)

()

—l [PE— |
T T,

Now use the conditions:

vE(T) = Vo, VO(Ti + T) = vi.
Vo= —(Vo—W)e /7 1 vy (3)
Vi = Voe (it 2=T1)/7 — \fe=T2/T (4)

M. B. Patil, IIT Bombay



RC circuit: example

4
UL C‘D Vs C==Vc

Vo

Vs

VRN
0—

vi(0)=vi, v¥(s0) = Vo
— B=Vy, A=V — V.

V() = (Vo — Vi)et/7 + Vg

V(1) = Vs, VP (o0) = 0
— B =0 A =V,e/7,

VO (t) = Voe =T/

Ta

Vs

Ve

I

T2

1)

()

R — |
T T,

Now use the conditions:

vE(T) = Vo, VO(Ti + T) = vi.
Vo= —(Vo—W)e /7 1 vy (3)
Vi = Voe (it 2=T1)/7 — \fe=T2/T (4)

Rewrite with a= e~ T1/7, b= e~ T2/7.

M. B. Patil, IIT Bombay



RC circuit: example

4
UL C‘D Vs C==Vc

Vo

Vs

VRN
0—

vi(0)=vi, v¥(s0) = Vo
— B=Vy, A=V — V.

V() = (Vo — Vi)et/7 + Vg

V(1) = Vs, VP (o0) = 0
— B =0 A =V,e/7,

VO (t) = Voe =T/

Ta

Vs

Ve

I

T2

1)

()

R — |
T T,

Now use the conditions:
V(1) = o, VO(Th + T) = v
Vo= —(Vo—W)e /7 1 vy (3)
Vi = Voo~ (M+T=T)/7 = \e=T2/T  (4)
Rewrite with a= e~ T1/7, b= e~ T2/7.

Vo =—(Vo—Vi)a+ W (5)

M. B. Patil, IIT Bombay



RC circuit: example

4
UL C‘D Vs C==Vc

Vo

Vs

VRN
0—

vi(0)=vi, v¥(s0) = Vo
— B=Vy, A=V — V.

V() = (Vo — Vi)et/7 + Vg

V(1) = Vs, VP (o0) = 0
— B =0 A =V,e/7,

VO (t) = Voe =T/

Ta

I

Vs .
Ic
Ve 0
T = ‘ ‘
2 ! T, J T, |
Now use the conditions:
V(1) = Vo, V(T + To) = Wi,
Vo= —(Vo—W)e /7 1 vy (3)
Vi = Vze*(TﬁrTz*Tl)/T — VzefTQ/T (4)
(1) Rewrite with a= e~ T1/7, b= e~ T2/7.
Vo=—(Vo—WVi)a+ Wy (5)
V1 =b V2 (6)
(2)

M. B. Patil, IIT Bombay



RC circuit: example

R i Vo
A
Vs
T Gvs C== Ve
_ Vi Y
0—

vi(0)=vi, v¥(s0) = Vo
— B=Vy, A=V — V.

VO(Ty) = Vo, V(o) =0
— B' =0, A = \Vhelt/7,

V() = (Vo — Vi)et/7 + Vg

Let Véz)(t) — Al et/ + B’

VO (t) = Voe =T/

Ta

|
Vs 1
ic
Ve 0
T =l ‘ ‘
2 k Tl + T2 |
Now use the conditions:
V(Ty) = Vo, VO(T1 4 To) = Wi
Vo= —(Vo—W)e /7 1 vy (3)
\/1 = \/26*(7-1*7—2*7-1)/7' — V267T2/T (4)
(1) Rewrite with a= e~ T1/7, b= e~ T2/7.
Vo=—(Vo—WVi)a+ Wy (5)
Vi=bVWV, (6)
Solve to get
1-— 1—
Vi=bVo—— Vo= Vo —o
(2) 1—ab 1—ab

M. B. Patil, IIT Bombay



RC circuit: example

R ic. Vo 7\/5 Iy
A ic
Vs
®vs C== Ve Ve 0
S R I
1 2 \<T—1>\ Tz |
1—a 1—a . T T
Vi=bV L Vo=Vo—=, with a=e T1/7, b=e"T2/7,
1—ab 1—ab
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RC circuit: example

R ic. Vo 7\/5 Iy
AN ic
+ Va
®vs C== Ve Ve 0
T =t
! : AR PR
1—a 1—a . T T
Vi=bV L Vo=Vo—=, with a=e T1/7, b=e"T2/7,
1—ab 1—ab

VE(t) = —(Vo — Vi)e~ /7 + Vo, VO (2) = Vae(t=T)/7,

M. B. Patil, IIT Bombay



RC circuit: example

R ic. Vo 7\/5 Iy
AN ic
+ Va
®vs C== Ve Ve 0
T =t
! : AR PR
1—a 1—a . T T
Vi=bV L Vo=Vo—=, with a=e T1/7, b=e"T2/7,
1—ab 1—ab

VE(t) = —(Vo — Vi)e~ /7 + Vo, VO (2) = Vae(t=T)/7,

Current calculation:

M. B. Patil, IIT Bombay



RC circuit: example

Vs

Ve

T2

R c Vo
NV
+ Va
MCﬁ)VS C= Ve
_ VRN
0—_
T
1—a 1—a
Vi = bV, , Vo= Vg —, with
! 0lfab 2 017':41b w

a= e_Tl/T’ b=e T2/7,

VE(t) = —(Vo — Vi)e~ /7 + Vo, VO (2) = Vae(t=T)/7,

Current calculation:
Method 1:

dVv,
ic(t)=C T: (home work)

T,

M. B. Patil, IIT Bombay



RC circuit: example

Vs

Ve

T2

a= e_Tl/T’ b=e T2/7,

R c Vo
NV
+ Va
MCﬁ)VS C= Ve
_ VRN
0—_
T
1—a 1—a
Vi = bV, , Vo= Vg —, with
! 0lfab 2 017':41b w

VE(t) = —(Vo — Vi)e~ /7 + Vo, VO (2) = Vae(t=T)/7,

Current calculation:
Method 1:

dVv,
ic(t)=C < (home work)
dt
Method 2:

Start from scratch!

T,

M. B. Patil, IIT Bombay



RC circuit: example

R i Vo Vs
AN
+ Va
Ct)Vs C== V¢ Ve
_ Vl\
0—L
T T
1-a 1-a . T T
Vi=bV, Vo=V —— with a=e Tt/7, p=e"T2/7,
1—ab 1—ab

VE(t) = —(Vo — Vi)e~t/7 + Vo, V(e

Current calculation:
Method 1:

dVv,
ic(t)=C T: (home work)
Method 2:

Start from scratch!

) = Vae—(t=T1)/T,

T T,

M. B. Patil, IIT Bombay



RC circuit: example

R c Vo Vs
A
Va2
Cﬁ) Vs C== V¢ Ve
_ Vv U
e
T T
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RC circuit: example

R lc
AN
+ V2
Vs C== V¢
_ VAN
0—

Vo |

Vs

Ve

T

T

M. B. Patil, IIT Bombay



RC circuit: example

LT Gvs c=

Vo |

Vo

VAN
0—

i) =h, iM(c) =0

Vs

Ve

T

T

M. B. Patil, IIT Bombay



RC circuit: example

R lc
AN
+ V2
Vs C== V¢
_ VAN
0—

i) =h, iM(c) =0
— B=0,A=1.

Vo |

Vs

Ve

T

T

M. B. Patil, IIT Bombay



RC circuit: example

R Vo Vs
AMA
+ V2
Vs C== V¢ Ve
_ Vl\
0—.
Ty T,
i) =h, iM(c) =0
— B=0,A=1.
i&(e) = he /7 (1)

M. B. Patil, IIT Bombay



RC circuit: example

R ic Voo [y,
e + Va
T Gvs C== Ve Ve
_ Vl\
0—

T T

i) =h, iP(cc)=0
— B=0,A=h.

i(cl)(t) — Ileft/-r (1)

M. B. Patil, IIT Bombay



RC circuit: example

R ic Vo v
AMA
+ Vs
JL®vs C== Ve Ve
_ Vl\
(O —
T T,
iD(0) = h, i®(c0) =0
& B=0A=h.
i(cl)(t) — Ileft/-r (1)

fé2)(T1) = —b, I'(Cz)(oo) =0

M. B. Patil, IIT Bombay



RC circuit: example

R ic Vo v
AMA
+ Vs
JL®vs C== Ve Ve
_ Vl\
(O —
T T,
iD(0) = h, i®(c0) =0
& B=0A=h.
i(cl)(t) — Ileft/-r (1)

fé2)(T1) = —b, I'(Cz)(oo) =0

& B =0,A = _—helt/T.

M. B. Patil, IIT Bombay



RC circuit: example

R ic Vo v
NV
+ Vs
JL®vs C== Ve Ve
_ Vl\
o—.
. T
iD(0) =, iP(c0) =0
—~ B=0 A=1.
i(cl)(t) — Ileft/-r (1)
fé2)(T1) = —bh, I'(Cz)(oo) =0
— B' =0, A =—hLel/7,
iD(t) = —he(t=T0)/7 @)

M. B. Patil, IIT Bombay



RC circuit: example

R Ic 0 Vs
A
+ Vs
JITGO)vs C== Ve Ve
_ Vl\
o—L
T T

<T—2-

Let i(Cl)(t) —Ae /T L B Now use the conditions:

(1) .(2) _ o
i(T) —i(T) = A = W/R,
iD0) = 1y, iP(00) = 0 ¢ ¢
— B=0 A=1.
i(cl)(t) — Ileft/-r (1)

fé2)(T1) = —b, I'(Cz)(oo) =0
— B' =0, A =—hLel/7,

iD(t) = —he(t=T0)/7 @)

M. B. Patil, IIT Bombay



RC circuit: example

R c ’ Vs
M
+ Va2
JITGO)vs C== Ve Ve
_ Vl \
e
T T

Tz

Let i(Cl)(t) —Ae /T L B Now use the conditions:

(1) (1) i) —iP(T) =8 =w/R,
Ic (0) = /1, Ic ((x)) =0 ) 2
— B=0A=h. ic’(0) =i (T1+ T2) = A = Vo/R.

i) = he t/7 (1)

(1) = —h, iP(c0) =0
— B' =0, A =—hLel/7,

i@ (t) = —he~t=T)/7 @)

M. B. Patil, IIT Bombay



RC circuit: example

R c ’ Vs
M
+ Va2
JITGO)vs C== Ve Ve
_ Vl \
e
T T

Tz

Let i(Cl)(t) —Ae /T L B Now use the conditions:

(1) (1) i) —iP(T) =8 =w/R,
Ic (0) = /1, Ic ((x)) =0 ) 2
— B=0A=h. ic’(0) =i (T1+ T2) = A = Vo/R.

he=T/T —(—h)=A 3
i) = het/7 B (=k) 3)

(1) = —h, iP(c0) =0
— B' =0, A =—hLel/7,

i@ (t) = —he~t=T)/7 @)

M. B. Patil, IIT Bombay



RC circuit: example

R c 0 Vs
VWV
+ V2
JITGO)vs C== Ve Ve
- VAN
0—
T T

Tz

Let i(Cl)(t) =Ae t/T+B Now use the conditions:

(1) Q) A
Doy = ;D _ ic’(T) —id (i) = A = W/R,
€O b (D0) — iD(Ty + T2) = A = Vo/R
— B=0,A=1. Ic — e 1 2)=A=VW/R.
he /T —(=h) = A (3)

() ot
ic(t) = het/ (1) h — (—he (Ti+T2=T1)/7y = A (4)

(1) = —b, iP(s0) =0
- B'=0, A =—het/T,

ié—Q)(t) = — e (t=T1)/T (2)

M. B. Patil, IIT Bombay



RC circuit: example

N
LT Gvs C== V¢

Vo |

Vo

VAN
0—

i) =h, iM(c) =0
— B=0,A=1.

i(cl)(t) = he t/T

T

(1) = —h, iP(c0) =0
— B' =0, A =—helt/T,

i2(t) = —he(t=T0)/7

Vs

Ve

T

(1)

(2

Ts

Now use the conditions:
i(T) i) = A = Vo/R,
i00) = i(Th+ To) = & = Vo/R.
he=T/T —(—h)=A
I — (—he (MtT2=T)/T)y = A

ah+h=A

—
~
=

M. B. Patil, IIT Bombay



RC circuit: example

. V, —
R lc ’ Vs
M
+ V2
Vs C== V¢ Ve
_ AN
0—.
Ty T,

Ts

Let ,-(Cl)(t) =Aet/T+B Now use the conditions:

(1) (1) i) —iP(T) =8 =w/R,
Ic (0) = /1, Ic ((x)) =0 ) 2
— B=0A=h. ic’(0) =i (T1+ T2) = A = Vo/R.

he=T/T —(—h)=A (3)

(1) _ —t/7

ic(t) = het/ (1) h — (—he (Ti+T2=T1)/7y = A (4)
h+bh=A (6)

(1) = —h, iP(c0) =0
— B' =0, A =—helt/T,

i2(t) = —he(t=T0)/7 )

M. B. Patil, IIT Bombay



RC circuit: example

. V, I
R ic 0 Vs
VWV
+ Va
IOV v N
_ Vv AN
0—.
Ty T

Ts

Let i(Cl)(t) —Ae-t/T 4B Now use the conditions:

(1) (1) i) —iP(T) =8 =w/R,
Ic (0) = /1, Ic ((x)) =0 ) 2
— B=0A=h. ic’(0) =i (T1+ T2) = A = Vo/R.

he=T/T —(—h)=A (3)
W g oat)r
ic(t) = het/ (1) h — (—he (Ti+T2=T1)/7y = A (4)
Let i(cz)(t):A’e*f/HrB’ ah+h=A (%)
h+bh=A (6)
(2 (2 1 2
’é)(Tl):_l% ’(C)(OO)ZO Solve to get
— B' =0, A =—helt/T, 1—b 1
— — a
122)(15-) = 7’26_“_7—1)/7— (2) h=4a 1—ab’ =4 1—ab

— T/ — e TN/T
(a=¢e , b=e ) M. B. Patil, IIT Bombay



RC circuit: example

R Ic_ 0 Vs 1
I
Vs ¢
OV ez Ve .
_ vy ‘ ‘
(P — 1,
Charge conservation: Ty Ta \«T—l»\<_|_—2»\
Jie
+Q _
conductor — 4 + + + + + + + + +| n llc
insulator — t Ve C= %
conductor——l_ - - - - - - - - ‘| -
—-Q
Unit: Farad (F)
. dQ dVc
_=_c=
T dt

M. B. Patil, IIT Bombay



RC circuit: example

R ic Vo Ve I |
I
Vs ¢
TIOw ez Ve .
_ v ‘ ‘
M Iy
Charge conservation: 1 2 \«T—l»\<_|_—2»\
Periodic steady state: All quantities are periodic, i.e.,
x(to + T) = x(to) .
Ic
i +Q _
conductor — 4 + + + + + + + + +| n llc
insulator — t Ve C= %
conductor——l_ - - - - - - - - ‘| -
—Q
Unit: Farad (F)
. dQ dVc
—=_c—==
TS dt

M. B. Patil, IIT Bombay



RC circuit: example

R ic. Vo Vs It '
I
Vs N
4 Ve
Vs C——= V¢ 0
07\<—>\<—> 7|2
Charge conservation: LERE A PR
Periodic steady state: All quantities are periodic, i.e.,
x(to + T) = x(to) )
Capacitor charge: Q(to + T) = Q(to) i'c +1a
COHdUCtOI’4’|++++++++++| + llc
insulator — t \%e C= %
conductor—-l_ - - - - - T 77 _l -
—Q
Unit: Farad (F)
.dQ dVc
——=_c==
TS dt
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RC circuit: example

R ic. Vo Vs It '
I
Vs N
4 Ve
Vs C——= V¢ 0
07\<—>\<—> 7|2
Charge conservation: LERE A PR
Periodic steady state: All quantities are periodic, i.e.,
x(to + T) = x(to) .
Capaator charge: Q(to+ T) = Q(to) i'c +1a
- Q= //Cdt COHdUCtOI’4’|+ + + + + + + + + +| + llc
insulator — t \%e C= %
conductor—-l_ - - - - - T 77 _l -
—Q
Unit: Farad (F)
.dQ dVc
=C
STy dt
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RC circuit: example

R ic. Vo Vs I '
Vs N
4 Ve
Vs C——= V¢ 0
. % ‘ ‘
07\4—% 7|2
Charge conservation: LERE A PR
Periodic steady state: All quantities are periodic, i.e.,
x(to + T) = x(to) )
Capacitor charge: Q(to + T) = Q(to) ilc +Q
d .
ic:df?%Q:/icdf- COHdUCtOI’4’|++++++++++| + llc
Q(to+ T)=Q(to) > Q(to+ T) — Q(to) =0 insulator —= t Ve C= %
to+T
— icdt=0. conductor—-l_ - - - - - T 77 _l -
ty

—-Q
Unit: Farad (F)

dQ dVc
=X _ X<
dt dt

M. B. Patil, IIT Bombay



RC circuit: example

Vo

T1+T2 T
— / icdt=— / ic dt.
T 0

R LC» Vs .
Vs N
4 Ve
Vs C——= V¢ 0
07\4—% 7|2
Charge conservation: LERE A PR
Periodic steady state: All quantities are periodic, i.e.,
x(to + T) = x(to) )
Capacitor charge: Q(to + T) = Q(to) ilc +Q
d .
iC:d—?%Q:/icdt. conductor——|+ + + + + + + + + +| + llc
Q(to+ T)=Q(to) > Q(to+ T) — Q(to) =0 insulator —= t Ve C= %
to+T
— icdt =0. conductor—-l_ - - - - T 07 _l -
t ‘ ~a
T T Ti+T> -
/ icdt=0— / icdt+ icdt =0 Unit: Farad (F)
0 Jo T
o 0 dve
€T AT T de

M. B. Patil, IIT Bombay



o N A O 0 O

Ti=15msec, T, =1.5msec.
V=18V, V,=82V.
I;=8.2mA, I, =82mA.

Vs

Vc




Vs

o N A O 0 O

Ti=15msec, T, =1.5msec.
V; =18V, V,=82V.
|1:82 I'T'IA, |2:82 mA.

Ti;=1msec, T, =2msec.
V=09V, V,=6.7V.
|1 =01 I’T'IA7 |2 =6.7mA.

Vs

Vc

-10
0

o



Vs

o N A O 0 O

Ti=15msec, T, =1.5msec.
V; =18V, V,=82V.
|1:82 I'T'IA, |2:82 mA.

Ti;=1msec, T, =2msec.
V=09V, V,=6.7V.
|1 =01 I’T'IA7 |2 =6.7mA.

T1=2msec, T, =1msec.
V=34V, V,=9.1V.
|1 =6.7 I’T'IA7 |2 =9.1mA.

Vs

Vc

-10
0




Ti=15msec, T, =1.5msec. Ti;=1msec, T, =2msec. T1=2msec, T, =1msec.

V=18V, V,=82V. V=09V, V,=6.7V. V;=34V,V,=9.1V.
I;=8.2mA, I, =82mA. I;=9.1mA, I, =6.7mA. l;=6.7mA, I, =9.1mA.
T
1 Vs B 1

Vc

o N A~ o © o
T
1
T

t (msec)
SEQUEL file: ee101_rc1b.sqgproj
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T;=1msec, T, =2msec.
Vi=0V,V,=10V.
l; =100 mA, |, =100 mA.

o N A OO 0 O
1

Vs

Ve

ic (mA)

-100
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