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Superposition, Thévenin and Norton
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Review

Circuit Analysis Methods

e KVL: KCL.:
ZVi =0 Z Ii =0

loop node

VI

® Circuit composition rules

® Node method -

KCL at nodes using V's referenced
from ground

(KVL implicit in " (e, —e;) G")
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Linearity

Consider R,

v(i) s @

Write node equations -
e-V e

_I_
Rl RZ

Notice:
linear in e,V, |

No eV VI
terms
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Linearity R,

W

V@ R,= (D1

Write node equations --
e-V e
_|_
Rl RZ
Rearrange --

1 1 Vv
— + —e = — + |
R1 R2 Rl

conductance node linear sum
matrix voltages of sources

G e = S

Consider

—1=0 linear in e,V, |
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Linearity

Write node equations --
e-V e
_I_
Rl RZ
Rearrange --

1 1 Vv
— + —e = — + |
Rl R2

—1=0 linear in e,V, |

conductance node linear sum
matrix voltages of sources

G e = S

or e:LV_Fﬂl
R +R, R +R,

[ e=aV,+aV,+...+bl, +b,l, +... J

Linear!
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Homogeneit
:> g Y

Linearity Superposition
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— Homogeneity

Linearity Superposition

Homogeneity

Xl
XZ:—> —p y
ax, >
T — ay
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— Homogeneity

Linearity Superposition

Superposition

Xoa—> — Yy, Xp— — Y,

Xla. + le >
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— Homogeneity

Linearity Superposition

Specific superposition example:

V1—> O—>

O-f=C0—0 &
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Method 4: Superposition method

The output of a circuit is
determined by summing the
responses to each source
acting alone.
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+ o
+ 0

Ol
(o B0

short

+ 0
+ 0

| =0 T) V —) V

(o I
O,

open
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Back to the example
Use superposition method
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Back to the example
Use superposition method

V acting alone
EYE

sum = superposition
I:\)2 V + RlRZ
R, +R, R, +R,

e=e, +€ = I
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@ salt
water

constant

o=
3

output shows
sinusoid superposition
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Yet another method...

Consider
Arb'\ﬂ‘ﬂry ne TWOr-k N

%resus’rors
(also

By superposition independent

of external
ZO‘ Vo + 2. Bly + RIS oxcitement &
" \ / behaves like

HO resistance  \aresistor
_units  _units  _ )
By setting All
vi =0 vV =0 VI =0
\_1=0 i=0) V.V, =0

independent of external
excitation and behaves like a
voltage " Viy"
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Or

[ V=V, + Rl }
As far as the external world is concerned
(for the purpose of I-V relation),
"Arbitrary network N" is indistinguishable
from:

MW —o-------,
wf v @i
5 _______ 1

V;; — open circuit voltage
at terminal pair (a.k.a. port)

R,, — resistance of network seen
from port
(V_'s, I's set to O)
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Method 4:
The Thévenin Method

i

N 4_cl

@ +
O v E

— NV 71

Thévenin equivalent ﬁ

el

< 40

VTH

o1

i E

Replace network N with its Thévenin
equivalent, then solve external network E.
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o
I
T +90

Py
I
I
N;U
(o)
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Vig + Ryl

Graphically, v

VTH
(1 77

_Isc—

Open circuit V=V, . —

(i=0)

— |
Short circuit i = VY — >
(V = 0) Ry
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> in recitation,

Method b: see text
The Norton Method

:
v <= 1,(1) = Ry =R,

o

O

Norton
equivalent

|
N
Rri
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Summary

BmDiscretize matter

LMD — LCA
Physics — EE

m R I, V |Linear |networks

B Analysis methods (linear)
KVL,KCL, I —V
Combination rules
Node method
Superposition
Thévenin

N
mE N

N

orton

ext
onlinear analysis

Discretize voltage

/\/\/\/\/ .. w— 101100 ...
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