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* Consider a circuit made up of elements of the following types:

Resistor (V =R)
VCVS (V =a Ve)
VCCS (I=G V,)
CeVs (V=R1)
CCCS (1=p1.)

and independent sources of the following types:

Independent DC voltage source (V = V; (constant))

Independent DC current source (/ =y (constant))

* Such a circuit is linear, and we can use superposition to obtain its response (currents and voltages) when multiple
independent sources are involved.

* Superposition enables us to consider the independent sources one at a time (with the others deactivated), compute the
desired quantity of interest in each case, and get the net result by adding the individual contributions.
This procedure is generally simpler than considering all independent sources simultaneously.
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* Consider a circuit made up of elements of the following types:
- Resistor (V=RI)
- VOVS (V=a V,)
- VCCS (I=G V)
- CCVS (V=RI)
- CCCS (I=p1)
and independent sources of the following types:

= Independent DC voltage source (V =V (constant))
= Independent DC current source (I = Iy (constant))

* Such a circuit is linear, and we can use superposition to obtain its response (currents and voltages) when multiple
independent sources are involved.

* Superposition enables us to consider the independent sources one at a time (with the others deactivated), compute the
desired quantity of interest in each case, and get the net result by adding the individual contributions.
This procedure is generally simpler than considering all independent sources simultaneously.

* What do we mean by “deactivating” an independent source?

— Deactivating an independent current source = Iy =0, i.e., replace the current source with an open circuit.

— Deactivating an independent voltage source = V=0, i.e., replace the voltage source with a short circuit.

M. B. Patil, IIT Bombay



Example 1

2Q

18v(®)  49% 3a(d)




Example 1

Case 1: Keep Vg, deactivate I;.

20
2Q lil
—A
& 18V 403
18v(®)  49% 3a(d) I




Example 1

Case 1: Keep Vg, deactivate I;.

20
2Q) lil
Jia oy 4Q§ iV =3A
18v(®)  49% 3a(d) I




Example 1

Case 1: Keep Vg, deactivate I;.

20
2Q) lil
Jia oy 4Q§ iV =3A
18v(®)  49% 3a(d) I

Case 2: Keep |, deactivate V.

2Q

i
102 3a(1)




Example 1

Case 1: Keep Vg, deactivate I;.

20
2Q) lil
Jia oy 4Q§ iV =3A
18v(®)  49% 3a(d) I

Case 2: Keep |, deactivate V.

2Q

i

103 3A(D) i =3Ax 20

20140




Example 1

Case 1: Keep Vg, deactivate I;.
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(SEQUEL file: ee101_superposition_2.sqproj)

3=9V.
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Example 3

Find V; using superposition.
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Find V; using superposition.
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Find V; using superposition.

Ry Ro
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+
Rl R2
Vs; Vi Vs Vs, WY v WY Vsz
1
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Superposition: Why does it work?

KCL at nodes A and B (taking current leaving a node as positive):

LV Vo) + 2w+ 2

Ri-PT TR TT R
1

St —(Vo— V) =

5+R3(2 1)

(V1 —V2) =0,

0.
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Superposition: Why does it work?

KCL at nodes A and B (taking current leaving a node as positive):

1(v V)+1V+1(V Vo) =0

R 1 s R, 1 R3 1 2) = )
1

—Is+ - (Vo= V1) = 0.

Rs
Writing in a matrix form, we get (using Gi = 1/Ry, etc.),

G +G+ G —G3 i _ G1 Vs
—G3 Gs Va o Is
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Superposition: Why does it work?

KCL at nodes A and B (taking current leaving a node as positive):

L Vi— V)b s Vit~ (vi-wv) = 0
Rl 1 s R21 R3 1 2) = YU,

1
—Is+ —(Vo — V)

0.
Rs

Writing in a matrix form, we get (using Gi = 1/Ry, etc.),

G +G+ G —G3 i _ G1 Vs
—G3 Gs Va o Is

SN EEaEPIEN )

Is
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We are now in a position to see why superposition works.
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The first vector is the response due to V; alone (and /s deactivated).
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i _ Al GVs | _ | ma1 mnp GVs | _ [ muG  mp V,
Vo Is T ma mxn Is my G ma Is '

We are now in a position to see why superposition works.

1 2
Vil _ | muG  mp Vs | mu G mp 0 | _ Vl( ) 4 \/1( )
Vo my1Gr ma 0 myu G mo Is | — V2(1> \/2(2) '

The first vector is the response due to V; alone (and /s deactivated).
The second vector is the response due to /s alone (and Vi deactivated).
All other currents and voltages are linearly related to V4 and V,

= Any voltage (node voltage or branch voltage) or current can also be computed using superposition.
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