First—=Order Circuits

Example 1: i, 4H 25 O
Determine the voltage v, (t). Eale'e'e's WYY VY

+

(z2-8ui v 100 15Q§v0

Solution:
This is a first order circuit containing an

inductor. First, determine i (t).

Consider the circuit for time t < 0.

Step 1: Determine the initial inductor current.
t <0, at steady state:
The circuit will be at steady state before the

source voltage changes abruptly at time t=0. i 55 O
The source voltage will be 2 V, a constant. - - YW +
+
The inductor will act like a short circuit. (—) e 10Q 15 Q§ Yo
iL(O)=;:E:O.25A .
10]|(25+15) 8

Consider the circuit for timet > 0.

25 Q
Step 2. The circuit will not be at steady state —oO o AN
immediately after the source voltage changes
abruptly at time t =0. Determine the Norton C -6V 100 15 Q§
equivalent circuit for the part of the circuit
connected to the inductor.
Replacing the resistors by an equivalent
resistor, we recognize

_O (©

Voo =—6V and R, =8Q

Consequently (ﬁ) -6V 8Q §

i :_—6:—0.75A
8




Step 3. The time constant of a first order

circuit containing an inductor is given by I 4H

N N
S

R, 8 Q

Consequently T MWV 1
-0.75V
T=L=ﬂ=0.58 and a=1=2l N\
R, 8 T S =/

Step 4. The inductor current is given by:

i (t)=is+(i(0)—iy)e ™ =-0.75+(0.25-(-0.75))e > =-0.75+e7*" for t>0

Step 5. Express the output voltage as a
function of the source voltage and the inductor

current.
Using current division: L 4 H i
Y, —
= 0 —02i, A
10+(25+15) (Dz-suv 100 15 Q§
Then Ohm’s law gives :
v, =15i; =3i,

Step 6. The output voltage is given by

Vo(t)=-2.25+3e" for t>0



Example 2: 2i, j
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Determine the current i (t). /.
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Solution: N 5410ul) Vi 30 1 - L

- - - - - - - - g o~ F T~ v
This is a first order circuit containing a C 0 X l 12 .
capacitor. First, determine v, (t). -
Consider the circuit for time t <0.
Step 1: Determine the initial capacitor voltage.

t <0, at steady state:
The circuit will be at steady state before the
source voltage changes abruptly at time t=0. 0a 2iy 1q OA
The source voltage will be 5 V, a constant. N O MW 2
The capacitor will act like an open circuit. C) 5V Q/ iy |Z 3Q Ve
Apply KVL to the mesh to get: o
. .1
(10+2+3)i,-5=0 = i, =3 A
Then
ve(0)=3i,=1V

Consider the circuit for time t > 0.

Step 2. The circuit will not be at steady state immediately after the source voltage changes
abruptly at time t =0. Determine the Thevenin equivalent circuit for the part of the circuit
connected to the capacitor. First, determine the open circuit voltage, v, :

2i,
10Q 1Q a Apply KVL to the mesh to get:
A O AA— ad o

+ - -

. 10+2+3)i,-15=0 = 1,=1 A
Onr (o yugse o W *
; Then

b vV, =3i,=3V

Next, determine the short circuit current, i_.:

' Tsc "t



10 Q
MWV M Express the controlling current of the

AN
\/ _ . CCVS in terms of the mesh currents:
C 15V 9 lxl 3Q Ise llSC

L=l

o)
o

=y

The mesh equations are
101, +2(i, —i, )+3(i, ~i, )-15=0 = 15i,-5i,=15
] .. ] 4 .
And i —3(i,—i_)=0 = i.=—=i
sC (1 sc) 1 3 sC
SO
4 . . .
15(§|50j—5|50:15 = 1 .=1A
The Thevenin resistance is

t

R =§=SQ
1

Step 3. The time constant of a first order circuit containing
an capacitor is given by

T:th +
Consequentl + 1
quently ) ) C_)sv TZFIVC
r:RtC:3(—j:0.255and a=—=4 .
12 T

Step 4. The capacitor voltage is given by:

wn |

Ve (1) = Voo + (Ve (0)—Voe Je ™ =3+(1-3)e™* =3-2¢™* for t>0

Step 5. Express the output current as a function of the source voltage and the capacitor voltage.

. d 1d
t)=C—v(t)=——v,(t

Step 6. The output current is given by

1

io(t):%%(?,—Ze“”):E(—Z)(—4)e‘4t :%e“” for t>0



	First–Order Circuits 

