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Terminology

# A circuit is constructed by connecting together a collection of
separate elements at their terminals.

# The junction points at which the terminals of two or more elements
are connected are referred to as the nodes of a circuit.

® The connections between the nodes are referred to as the edges or
branches of a circuit.
# Circuit loops are defined to be closed paths through a circuit along its

branches. —
Nodes

Elements

Branch
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® (Capped a set of lumped elements that obey the lumped matter
discipline using ideal wires to form an assembly that performs a
specific function results in the l[umped circuit abstraction.

So, what does thisbuy us?

# For example —

o
R g R,
v (*) b d
R2 R5
C

# What can we say about voltages in a loop under the lumped matter
discipline?
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Kirchhoff's Voltage Law (K V=
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# What can we say about voltages in a loop under the lumped matter

discipline?
o
/ \=R 2 R, i‘l;Ed —aa%:o
V@ ) LYY d
R R [E. = Ty
: : J'E d€+LE df+jE df =0
C

V,+V,. +V_,=0

» Kirchhoff'sVoltageLaw (KVL):
The sum of the voltagesin aloop isO.
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# What can we say about currents at a node under the lumped matter
discipline?

® (Consider —

)i © ]

—— [\ 3-ds=-29-0 under LMD
\/ iﬁs a'[ undacr
g\] | +1_+1,.=0

ba

» Kirchhoff'sCurrent Law (KCL):
The sum of thecurrentsinto anodeisO.

# This 1s simply the conservation of charges.
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® Maxwell's equations simplify to algebraic KVL and KCL under LMD!

# KVL:

A U N £ -
ij—() or Loop
J

» KCL:

Zij = (0 for Node

j
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Circuit anaIyS|s

# @Goal: Find all element V's and 1's.

#® Steps
1. Write element Vv-i relationships (from lumped circuit abstraction).

2. Write KCL for all nodes.
3. Write KVL for all loops.

Lots of unknowns, |ots of equations to be solved.
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# For voltage source V:\() AE—)f

VO
()

# For current source | :l 0 \-)/
10
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Thecircuit

Chapter 2, EE2210 - Slide 9/35



Analysis

# 12 unknowns: \{),...,\ls,io,...j5

1. Element relationships: 6 equations.
wW=\  %=LR
v=iR v=,R
vw=LR =R

2. KCL at Nodes: 3 equations

a:—l,—1,—1,=0
b:,—i,—1,=0
d:l,+i,—1,=0

c:l,+1,+i; =0 redundant

- CAPT
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3. KVL for loops: 3 equations
Ll:-v,+Vv,+Vv, =0
L2:v,+Vv,—Vv, =0
L3:v,;+Vv,—-V,=0
L4:-v,+V,+V, =0 redundant

12 unknowns with 12 equations
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A very ssimple example
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The circuit has two branches, one independent source and one resistor,

cach with a current and a voltage.

The goal of our circuit analysis 1s to find these branch variables.

Two element laws:

The application of KVL at either node yields
-V, +V,=0

we have assigned a — polarity to v, since we
first encounter the — sign when traversing
the v, branch.

Solve jointly to determine all four branch

variables: —I;=1,=land v; =V, =Rl
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A very simpleexample &% CAPT

The circuit has two branches, one independent source and one resistor,
cach with a current and a voltage.

The goal of our circuit analysis 1s to find these branch variables.

Intuitive approach: 'l 2
. : <o >
I,=1and v,=RI, + N
v oD DI VN
Vo — Nl — NI

: : ’ ] . [ f V1 v =R
The important message here 1s that it 1s not
necessary to first assemble all the circuit ] ]

@

equations, and then solve them all at once.

Rather, using a little intuition, it 1s likely to be much faster to
approach the analysis in a different manner.
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A very smpleexample &

The circuit has two branches, one independent source and one resistor,
cach with a current and a voltage.

The goal of our circuit analysis 1s to find these branch variables.

Intuitive approach: Iy Ly
v,=Vandi,=V,/R /J\ >
_ - —
i,=V/R |
;:, Vi V2 = R
®

It 1s also important to realize that the physical results of the analysis of
the circuit, cannot depend on the polarities of the definitions of the
branch variables.
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Voltage divider
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A voltage divider is an 1solated loop that contains two or more
resistors and a voltage source in series.

Here, we have connected two resistors in series,

& | R
and connected the pair by some wires to a battery. + |
We wish to obtain some arbitrary fraction, say 10%, R.H "2
of the battery voltage at the terminals marked Vv.. U -
Want to find the relation between V, and the |
battery voltage V and resistor values, R, and R,. ° L
+
= R,
R
G ' "
"FF + 110
R 2 i "2 + + v 2
V) = Rz
O
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Voltage divider

# The role of input and output resistance of an amplifier.
Microphone Amplifier Speaker
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Voltage divider

. “ e . o —P—
# 6 unknowns: V),\[,\,l,,l;,1, : Iy
1. Element relationships: 3 equations. | :
_ ®
\6 T Yo
v—1 B . + v 2
v —hh N §
v, =1,R "
2. KCL at Nodes: 2 equations o 1
] ] |O :|1 = ) o V
I, =1, R+R
|, =1
1~ 2 — V= R
3. KVL for loops: 1 equation R"'I%
vV, +Vv,+Vv, =0 V= R
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Current divider

A current divider is a circuit with two nodes joining two or more
parallel resistors and a current source.

Here, a current divider with two resistors is shown.

In this circuits, the resistors share, or divide, the current from the
source in proportion to its conductance.

Want to find the relation between i, (or i) and the current | and
resistor values, R, and R,.

i{J i 2
- — -
+ + +

73%

0 Vl Rl V-’} % R )
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# 6 unknowns: V),\[,\,l,,l;,1, T >

1. Element relationships: 3 equations. A i A "

v—IBR ar 1 —ul> ) ) )
Ill T Ul Il VI\T

"1
v=LR or i,=uG where G =—

2. KCL at Nodes: 1 equation
l, +1,+1, =0

G+G

3. KVL for loops: 2 equations : i1 = GI |
+
V, =V, G+G

G+G
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Example for Current divider &
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& A
b Z
©w &
&

# Determine the indicated branch currenti.ie. i =?

R

W

R

W

R

‘/VV\_

R

_\/VV\_

8mA D ZR% ZR%li ZR% R%

#® This circuit 1s used 1in a D/A convertor.
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Equivalent Resistances CAPT
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# Series resistors:

[
—- 1,
Rl
+ _ +
4 + = 14 R,
R, "2

\/
\"

7R = = R=R+R

#® Parallel resistors:

G, % Gz% = % Go  Gp=G +G,
O
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@ I — R'j lﬁ@

VWA

+ oy

o
WA
+ 1‘3_
- |
'S 23S Ry V4 S Ry
‘;5 * . - i
- fz ¢ 4

©
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Analysis

# 10 unknowns: \,{,...,\ls,il,...jS

1. Element relationships: 5 equations. 3. KVL for loops: 2 equations

v=iR v=i,R

LI:=V:+Vv,—V, =0

w=hR %=V

L2:v, +Vv;+Vv, =0

V=R

2. KCL at Nodes: 3 equations
+ 1.1 -

10 unknowns with 10 equations

T 1"3

T " National Tsing Hua Unive
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Li=isg=ip=0 VAW

20, +i, —i, =0

3.'3_|4:O 1‘5 1"2
' | Loop |

A

e

Loop 2
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1 R1(R> + R3 + Ry4) + Ry(R3 + Ry)

R3 + R4 v
R1(R2 + R3 + R4) + R2(R3 + Ry)
R

13 =14 = 4
R1(R2 + R3 + R4) + R2(R3 + Ry)

h = —
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Solutions

R{(R> + R3 + Ry)
R1(R2 + R3 + R4) + R2(R3 + Ry)

1.1-1 =

by — R>(R3 + Ry)
Ri(Ry + R3 + R4) + Ro(R3 + Ry)
R>R3
U3 = 4
Ri(Ry + R3 + R4) + Ro(R3 + Ry)
R>R
= 274 V.

Ri(Ra + R3 + R4) + Ra(R3 + Ry)
vs =V
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analysis: Element combination rules

# By applying KCL and KVL, we have
® Series resistors

R R, R, R, R +R,+---+R,
AN~ A o = Mo

#® Parallel resistors

Gl%@% G, N G, +G, -1--+GN
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# Voltage sources
e Vi +,

o We DR o

N N N’

#® (Current sources

I L) = I +1,
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":.I

-

:‘{] .
R,(R; +R,) — v, | RI N RE{J‘E3 +R4}
R,+ R+ R, ) R2+R3+R4
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Collapse then Expand M ethogz::
® Expand (E R ) e
® Find i,.
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jl
-
- V
=
| R(R.+R) n ., R((R+R)
P ,(Ry +R, R 4
o T HTRIR,+R, R+R+R,

R(R+R,)
_ R+R+R,
R,(Ry +R,) 2= R+ Rz(R3+R4)V
2T R+ R+ R, R +R +R,
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® Expand (B ) T
# Find i, and is.

i V1 i : V
| g > |2 :_2
Iy I ;i,, Rz
+ e
V)V M= Rz = R3 +R4 i V,
.- 3
\|_/ ‘ R+R,

# Find v5 and v,.

V; =R,
vy =3R,

Chapter 2 , EE2210 - Slide 29/35



CAPT

< Center for Advanced Power Technologies
“.T  National Tsing Hua University, TAIWAN

Example

=7
4 =R,
R, R,
I I
R
1 - éR S _Vv
R2R3 R
R, +R,
R=R, +_R2R3
R, + R,
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# 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
between A and B.

';6
h (g)
_o .
B 7 Iy {
/ ig /R
@ : (a;/ S W (/LJ gTrs
Tff} i Tﬁl
3 (f) i T% (e) i % (f)
A A /IE 112
o | AW
(a) —." (b)
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# Determine the network equivalent resistance between terminal A and B.

A

(a)
: I : ,

(b) (d) (e)

(c) (h) (D) 20 1€
: : .

(g)

B
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A-Y conversion

Delta-Wye Conversion

i/ S
R(R+R) o .
Ry R, Rec Ra""Rb"'Rc_Rz R,
f. _RR+R) _
. RCA_Ra+Rb+R_R3+R‘
__RRK _RR+RR+RR
R = +R +R R = R
~__ RR < _RR+RR+RR
Ra+RRb+Rc i RRz
- RR < _RR+RR+RR
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two-terminal device

# The two-terminal devices under test

Two-terminal device , = ‘
.q_f <
VW 0 ~ Slope = L]
Lo ' TT R I
) v -
&' 0 /v=5V v(V)
0
® Test circuit /
iHh + "2 . -
O i _ :
Vil " N 3, v=V +1 4R
. v @ V3 v-V
| =—
] R

O
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Conclusion

# KVL and KCL
Zvj =0 for Loop
j
Zij =( forNode

j

#® KVL, KCL method of circuit analysis

# Element combination rules
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