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A A circuit circuit is constructed by connecting together a collection of is constructed by connecting together a collection of 
t l t t th i t i lt l t t th i t i lseparate elements at their terminals.separate elements at their terminals.

The junction points at which the terminals of two or more elements The junction points at which the terminals of two or more elements 
are connected are referred to as the are connected are referred to as the nodesnodes of a circuit.of a circuit.
The connections between the nodes are referred to as the The connections between the nodes are referred to as the edgesedges or or 
branchesbranches of a circuit. of a circuit. 
Circuit Circuit loopsloops are defined to be closed paths through a circuit along its are defined to be closed paths through a circuit along its 
branches.branches.
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Capped a set of lumped elements that obey the lumped matter Capped a set of lumped elements that obey the lumped matter 
di i li i id l i t f bl th t fdi i li i id l i t f bl th t fdiscipline using ideal wires to form an assembly that performs a discipline using ideal wires to form an assembly that performs a 
specific function results in thespecific function results in the lumped circuit abstractionlumped circuit abstraction..

So, what does this buy us?So, what does this buy us?

For example For example ——

What can we say about voltages in a loop under the lumped matter What can we say about voltages in a loop under the lumped matter 
discipline?discipline?

Chapter 2 , EE2210 - Slide 3/35



Center for Advanced Power Technologies
National Tsing Hua University, TAIWANKirchhoff's Voltage Law (KVL) g yKirchhoff s Voltage Law (KVL)

What can we say about voltages in a loop under the lumped matter What can we say about voltages in a loop under the lumped matter 
di i li ?di i li ?discipline?discipline?
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Kirchhoff's Voltage Law (KVL):Kirchhoff's Voltage Law (KVL):
The sum of the voltages in a loop is 0.The sum of the voltages in a loop is 0.
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What can we say about currents at a node under the lumped matter What can we say about currents at a node under the lumped matter 
di i li ?di i li ?discipline? discipline? 
Consider Consider ——
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Ki hh ff' C L (KCL)Ki hh ff' C L (KCL)
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Kirchhoff's Current Law (KCL):Kirchhoff's Current Law (KCL):
The sum of the currents into a node is 0.The sum of the currents into a node is 0.

This is simply the conservation of chargesThis is simply the conservation of chargesThis is simply the conservation of charges.This is simply the conservation of charges.

Chapter 2 , EE2210 - Slide 5/35



Center for Advanced Power Technologies
National Tsing Hua University, TAIWANKVL and KCL Summary g yKVL and KCL Summary

Maxwell's equations simplify to algebraic KVL and KCL under LMD!Maxwell's equations simplify to algebraic KVL and KCL under LMD!

KVL:KVL:

Lf0 Loopfor  0=
j

jv

KCL:KCL:

 Nodefor  0=
j

ji
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Method 1:Basic KVL, KCL method of 
Circuit analysis g yCircuit analysis

Goal: Find all element Goal: Find all element vv's's and and ii's's..
StepsSteps
1. Write element 1. Write element vv--ii relationships (from lumped circuit abstraction).relationships (from lumped circuit abstraction).
2. Write KCL for all nodes.2. Write KCL for all nodes.
3. Write KVL for all loops.3. Write KVL for all loops.

Lots of unknowns lots of equations to be solvedLots of unknowns lots of equations to be solvedLots of unknowns, lots of equations to be solved.Lots of unknowns, lots of equations to be solved.
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Element v-i relationships  
g y

For resistor RFor resistor R vi =
R

For voltage sourceFor voltage source 0Vv=

For current sourceFor current source
0Ii= 0
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12 unknowns:12 unknowns: 5050  ..., ,, ..., , iivv

33300         RivVv == 0 :L1 210 =++− vvv
1. Element relationships: 6 equations. 3. KVL for loops: 3 equations
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12 unknowns with 12 equations
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A very simple example
g y

The circuit has two branches, one independent source and one resistor, The circuit has two branches, one independent source and one resistor, 
each with a current and a voltage.each with a current and a voltage.
The goal of our circuit analysis is to find these branch variables.The goal of our circuit analysis is to find these branch variables.g yg y
Two element laws:Two element laws:
ii11 = −= −II and and vv22 = = RiRi22

The application of KCL at either node yieldsThe application of KCL at either node yieldsThe application of KCL at either node yieldsThe application of KCL at either node yields
ii11 + + ii22 = 0= 0
The application of KVL at either node yieldsThe application of KVL at either node yields
− − vv11 + + vv22 = 0= 0
we have assigned a − polarity to we have assigned a − polarity to vv11 since wesince we
first encounter the − sign when traversingfirst encounter the − sign when traversingg gg g
the the vv11 branch.branch.
Solve jointly to determine all four branchSolve jointly to determine all four branch
variables:variables: ii == ii == II andand vv == vv == RIRIvariables: −variables: − ii11 = = ii22 = = II and and vv11 = = vv22 = = RIRI
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A very simple example
g y

The circuit has two branches, one independent source and one resistor, The circuit has two branches, one independent source and one resistor, 
each with a current and a voltage.each with a current and a voltage.
The goal of our circuit analysis is to find these branch variables.The goal of our circuit analysis is to find these branch variables.g yg y
Intuitive approach:Intuitive approach:
ii22 = = II and and vv22 = = RiRi22

vv == RiRi == RIRIvv22 = = RiRi2 2 = = RIRI
The important message here is that it is notThe important message here is that it is not
necessary to first assemble all the circuitnecessary to first assemble all the circuit
equations, and then solve them all at once.equations, and then solve them all at once.
Rather, using a little intuition, it is likely to be much faster to Rather, using a little intuition, it is likely to be much faster to 
approach the analysis in a different manner.approach the analysis in a different manner.
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A very simple example
g y

The circuit has two branches, one independent source and one resistor, The circuit has two branches, one independent source and one resistor, 
each with a current and a voltage.each with a current and a voltage.
The goal of our circuit analysis is to find these branch variables.The goal of our circuit analysis is to find these branch variables.g yg y
Intuitive approach:Intuitive approach:
vv22 = = VV and and ii22 = = vv22//RR
ii == VV//RRii22 = = VV//RR

It is also important to realize that the physical results of the analysis of It is also important to realize that the physical results of the analysis of 
the circuit, cannot depend on the polarities of the definitions of the the circuit, cannot depend on the polarities of the definitions of the 
branch variables.branch variables.
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Voltage divider
g y

A voltage divider is an isolated loop that contains two or more A voltage divider is an isolated loop that contains two or more 
resistors and a voltage source in series.resistors and a voltage source in series.
H h t d t i t i iH h t d t i t i iHere, we have connected two resistors in series, Here, we have connected two resistors in series, 
and connected the pair by some wires to a battery.and connected the pair by some wires to a battery.
We wish to obtain some arbitrary fraction, say 10%,We wish to obtain some arbitrary fraction, say 10%,
of the battery voltage at the terminals marked of the battery voltage at the terminals marked vv22..
Want to find the relation between Want to find the relation between vv22 and theand the
battery voltage V and resistor values, battery voltage V and resistor values, RR11 and and RR22..batte y vo tage V a d es sto va ues,batte y vo tage V a d es sto va ues, 11 a da d 22..
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Voltage divider
g y

The role of input and output resistance of an amplifier.The role of input and output resistance of an amplifier.
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6 unknowns:6 unknowns: 210210  ,,, , , iiivvv
1. Element relationships: 3 equations.1. Element relationships: 3 equations.
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12. KCL at Nodes: 2 equations2. KCL at Nodes: 2 equations
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3. KVL for loops: 1 equation3. KVL for loops: 1 equation
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Current divider
g y

A current divider is a circuit with two nodes joining two or more A current divider is a circuit with two nodes joining two or more 
parallel resistors and a current source. parallel resistors and a current source. 
H t di id ith t i t i hH t di id ith t i t i hHere, a current divider with two resistors is shown.Here, a current divider with two resistors is shown.
In this circuits, the resistors share, or divide, the current from the In this circuits, the resistors share, or divide, the current from the 
source in proportion to its conductance. source in proportion to its conductance. 
Want to find the relation between Want to find the relation between ii22 (or (or ii11) and the current ) and the current II and and 
resistor values, resistor values, RR11 and and RR22..
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6 unknowns:6 unknowns: 210210  ,,, , , iiivvv
1. Element relationships: 3 equations.1. Element relationships: 3 equations.
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3. KVL for loops: 2 equations3. KVL for loops: 2 equations
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Determine the indicated branch current Determine the indicated branch current ii. i.e. . i.e. ii = ?= ?

i

This circuit is used in a D/A convertor.This circuit is used in a D/A convertor.
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Equivalent Resistances
g y

Series resistors:Series resistors:

≡

V

Parallel resistors:Parallel resistors:
21 RRRS +=

21
1 RR

Vi
+

=
SR

Vi =1 

≡ 21 GGGG PP +=≡ 21          GGGG PP +=
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Analysis
g y

y

10 10 unknowns:unknowns: 5151  ..., ,, ..., , iivv
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0:L1 215 =−+− vvv

1. Element relationships: 5 equations. 3. KVL for loops: 2 equations
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Solutions
g y
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Solutions
g y
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Method 2:Intuitive method of circuit 
i i i

g y

analysis: Element combination rules
By applying KCL and KVL, we haveBy applying KCL and KVL, we have
Series resistorsSeries resistors

Parallel resistorsParallel resistors



Parallel resistorsParallel resistors
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Element combination rules
g y

Voltage sourcesVoltage sources



Current sourcesCurrent sources
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Collapse then Expand Method
C llC ll （簡化）（簡化）

g y

Collapse Collapse （簡化）（簡化）
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Collapse then Expand Method
E dE d （展開）（展開）

g y

Expand Expand （展開）（展開）

Find Find ii11..

432
1

1 )( RRRR

Vi ++
=

Fi dFi d

432
1 RRR

R
++

+

Find Find vv22..

RRR
RRR 432 )(

++
+

V

RRR
RRRR

RRRv

432

432
1

432
2 )(

++
++

++=
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Collapse then Expand Method
E dE d （展開）（展開）

g y

Expand Expand （展開）（展開）

Find Find ii22 and and ii33..

2vi
2

2
2 R
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2vi

Find Find vv33 and and vv44..
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VI =
R

I =
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Example 
g y

Determine the network equivalent resistance between terminal A and B.Determine the network equivalent resistance between terminal A and B.
We can inject a current I into the network and find (or measure) the voltage We can inject a current I into the network and find (or measure) the voltage 
between A and Bbetween A and Bbetween A and B.between A and B.
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Example 
g y

Determine the network equivalent resistance between terminal A and B.Determine the network equivalent resistance between terminal A and B.
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DeltaDelta--WyeWye ConversionConversion ( ) RRRRRR bac ++( )
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Determine the i-v relationship for the 
g y

two-terminal device
The twoThe two--terminal devices under testterminal devices under test

Test circuitTest circuit

RV RiVv test+=

R
Vvi −=
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KVL and KCLKVL and KCL

Loopfor   0=
j

jv

KVL KCL method of circuit analysisKVL KCL method of circuit analysis

Nodefor   0=
j

ji

KVL, KCL method of  circuit analysisKVL, KCL method of  circuit analysis

Element combination rulesElement combination rules
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