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Chapter 4 Systematic analysis methods
4.1 Node analysis

node voltage, matrix node equation, floating voltage source, 
supernode

4.2 Mesh analysis
mesh current, matrix mesh equation, interior current source, 
supermesh

4.3 Systematic analysis with controlled sources
mesh analysis, node analysis

4.4 Applications of systematic analysis
equivalent resistance, Thevenin parameters

4.5-4.6 (optional)
node analysis with ideal op-amp, Δ-Y transformation
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4.1 Node analysis 
Basics
1. Node voltage: potential at nonreferenced node to a specified 

reference node
• Suppressing sources to identify node numbers, the number of 

unknown node voltages is one less than the node numbers.
• Select the node with its connection to the maximum voltage 

sources as the reference node.
• All branch voltages can be determined from the values of node 

voltages connected.
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2. An example
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3. Floating voltage source
• Floating voltage source with series resistance → convert to current

source
 voltagenodet independenan not  is xnsx vvvv ∴+=

3 nodes
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• Floating ideal voltage source → use supernode

3 nodes

(1) v2 or v3 is not an independent unknown, and is difficult to write node 
equation on iy

(2) Enclose both terminals of the floating ideal source within a
supernode→ easy to write node equations with 2 unknowns
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4. Matrix node equations
Step 1: identify reference node, and identify known node voltages 
by fixed voltage sources
Step 2: perform floating voltage source conversion
Step 3: apply KCL to write the matrix node equation

4-6

[ ][ ] [ ]

[ ]

11 12 1 1 1

21 22 2 2 2

1 12

:

: conductance matrix,

: sum of conductances connected to node i
: sum of conductan

s

N s

N s

N NN N sN

ij ji

ii

ij

KCL G v i

G G G v i
G G G v i

G G G v i

G G G

G
G

=

− • −⎡ ⎤ ⎡ ⎤ ⎡ ⎤
⎢ ⎥ ⎢ ⎥ ⎢ ⎥− • −⎢ ⎥ ⎢ ⎥ ⎢ ⎥=
⎢ ⎥ ⎢ ⎥ ⎢ ⎥• • • • • •
⎢ ⎥ ⎢ ⎥ ⎢ ⎥− − •⎢ ⎥ ⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦ ⎣ ⎦

=

ces directly connected to nodes i and j

: source-current vector
    sum of current sources into node i
sii



電路學講義第4章

1. Ex.4.1
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2. Ex.4.2 3 nodes→2 node voltages
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3. Ex.4.3
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Note: Inserting a R in series with 3mA current source does not 
change the results.
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4. Ex. 4.4 find ia, ib

3 nodes

no need  for source conversion
for a non-floating voltage source
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5. Ex. 4.5 find v1, v2

supernode
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4.2 Mesh analysis 
Basics
1. Dual relation

2. mesh: a closed current path containing no closed paths within it,
a special loop

node voltage mesh current
matrix node equation matrix mesh equation (for planar 

circuit only)
KCL KVL
floating voltage source conversion interior current source conversion

4-12non-planar circuit

planar circuit
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3. The minimum number of meshes is determined by suppressing  all 
sources.

4. An example
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5. Interior current source
• Interior current sources with parallel resistance → convert to 

voltage source

is not an independent mesh currents x n x

x n s x x s n s s s

i i i i
i i i v i R i R i R
= − ∴

→ = + → = = +

+xv
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• Interior ideal current source → use supermesh

2 2 1

2 1 2
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(1) Two meshes exist with source compressed.
(2) i2 or i3 is not an independent unknown.
(3) Use supermesh to enclose both meshes of the interior ideal source 
→ write mesh equation with unknown mesh currents
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6. Matrix mesh equations
Step 1: identify known mesh currents fixed by current source
Step 2: label the remaining unknown mesh currents
Step 3: apply KVL to write the matrix mesh equation
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2. Ex.4.7 find i1, i2, i3
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Note: Inserting a R in parallel with 20V voltage source does not
change the results.
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3. Ex.4.8 (interior current source) to find va, ib

interior mesh
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3 node eqs, 2 mesh eqs→mesh analysis easier
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4. Ex4.9 (interior ideal current source) to find i1

2 nodes, 1 mesh supermesh

interior current source

220)4(310)5(6 1111 =→=+++− iiii
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4.3 Systematic analysis with controlled sources
Basics
1. An example on mesh analysis
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2. Mesh analysis
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Discussion
1. Ex.4.10 find i1, i2
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2. Ex.4.10 find i1, i2
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3. Ex.4.11 find the current gain 
using mesh analysis
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4. Ex.4.12 find the voltage gain using node analysis
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4.4 Applications of systematic analysis
Discussion
1. Examples of determining equivalent resistance or Thevenin

parameters are given to use systematic analysis methods.
2. Ex. 4.13 find the equivalent resistance of a resistive bridge
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3. Ex. 4.14 find the Thevenin parameters of a current amplifier
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4.5-4.6
Optional
1. Ex. 4.15 find Av of an op-amp circuit
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2. Y-Δ (T-Π) transformation 
equivalent circuit
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3. Ex.4.16 (Ex.4.13) 
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