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Series and Parallel connection of Ideal Sources

−+

3V
−+

5V

−+

8V Series Connection: Same current

−
+3V −

+5V Ideal voltage sources can not be added in
parallel.

2A 5A 3A Parallel Connection: Same Voltage

3A 5A Ideal current sources can not be added in
series.

Series and Parallel connection of Resistors

R1 R2

R1 +R2

v (t) = (R1 +R2) i (t)
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R1 R2
1
R1

+
1
R2

i (t) =
(

1
R1

+
1
R2

)
v (t)

Capacitor

C

+ −
v (t)

i (t)

q = CV , where V is voltage drop across the capacitor

i (t) =
dq

dt
=
d
dt

(CV )

= C
dV
dt

+V
dC
dt

For a LTI capacitor, value of capaciatance is invariant of time
dC
dt

= 0

hence,

i (t) = C
dV
dt

Example 1:

i (t) = u (t)

C

+

−

vc (t)

i (t) = C
dV
dt

⇒ vc (t) = vc (0) +
1
C

∫ t

0
i (t)dt

vc (t) =
t
C

t

vc (t)
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Example 2:

+
−Vs (t) C

ic (t)
Vs (t) = Acosωt

i (t) = C
dV
dt

= −ωACsinωt

Series and Parallel connection of Capacitors

C1

+ −
v1 (t)

i (t) C2

+ −
v2 (t)

C3

+ −
v3 (t)

v1 (t) = v1 (0) +
1
C1

∫ t

0
i (t)dt

v2 (t) = v2 (0) +
1
C2

∫ t

0
i (t)dt

v3 (t) = v3 (0) +
1
C3

∫ t

0
i (t)dt

v (t) = v1 (t) + v2 (t) + v3 (t)

=
3∑
i=1

vi (0) +
(

1
C1

+
1
C2

+
1
C3

)∫ t

0
i (t)dt

So,

Ceq =
(

1
C1

+
1
C2

+
1
C3

)
with,

veq (0) =
3∑
i=1

vi (0)

C1 C2 C3

i (t)

i (t) = C1
dV
dt

+C2
dV
dt

+C3
dV
dt

= (C1 +C2 +C3)
dV
dt

So,

Ceq = (C1 +C2 +C3)

The initial voltage on all capacitors is the same.
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Inductor

L

+ −
v (t)

i (t)

φ = Li, where φ is magnetic flux and i is current through inductor

v (t) =
dφ

dt
=
d
dt

(Li)

= L
di
dt

+ i
dL
dt

For a LTI capacitor, value of inductance is invariant of time
dL
dt

= 0

hence,

v (t) = L
di
dt

Series and Parallel connection of Resistors

L1

+ −
v1 (t)

i (t) L2

+ −
v2 (t)

v (t) = v1 (t) + v2 (t)

= L1
di
dt

+L2
di
dt

So,

Leq = (L1 +L2)

L1

i1 (t)

L2

i2 (t)

i (t)
i (t) = i1 (t) + i2 (t)

= i1 (0) +
1
L1

∫ t

0
v (t)dt + i2 (0) +

1
L2

∫ t

0
v (t)dt

=
2∑
k=1

ik (0) +
(

1
L1

+
1
L2

)∫ t

0
v (t)dt

So,

Leq =
(

1
L1

+
1
L2

)

Example 3:
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−
+v (t) = 3u (t) 1H

iL (t)

iL (t) = iL (0) +
1
L1

∫ t

0
v (t)dt

= iL (0) +
∫ t

0
3u (t)dt

= iL (0) + 3t
Assume initial current is zero

iL (t) = 3t

t

iL (t)

Example 4:

3u (t)

L

+

−

vL (t)

vL (t) = L
di
dt

= 3L
du
dt

= 3Lδ (t)

A sudden change in current causes a impluse voltage across the inductor which is not
practically possible,Therefore current through an inductor can not change instantaneously.

Example 5:

−
+v (t) = 3u (t) C

iL (t)

iC (t) = C
dv
dt

= 3C
du
dt

= 3Cδ (t)

A sudden change in voltage causes a impluse current through the capacitor which is not
practically possible,Therefore voltage across a capacitor can not change instantaneously.
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