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O Circuit Analysis

METU

What is an Electrical Circuit ?

An electrical circuit is a set of
various system elements connected
in a certain way, through which
electrical current can pass
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q) Circuit Analysis

o

METU

Thevenin Equivalent of an Electrical Circuit

“Thevenin Equivalent” of an electrical

circuit is the simplified form of the circuit
consisting of a voltage source in series
with a resistance.

R

equiv IA

|
—7Y ViV — A A — A
O \
V, —_—
YWY ; -
R
A .8 —"
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Circuit Analysis

METU

Calculation of Thevenin Equivalent of a Circuit

3. Remove (kill) all the sources in the

1. Open circuit the terminals A-B of circuit, _ _
4. Calculate the equivalent resistance

seen at the terminals A

the given circuit, L
2. Calculate the open circuit voltage Rig=R
V,s seen at the terminals A and B, and B

equiv
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O Circuit Analysis

METU

Calculation of the Thevenin Equivalent Voltage V,;,

1. Open circuit the the terminals A-B,

2. Calculate the open circuit voltage
V,. seen at the terminals A-B

R, A
AMAA : :
;
0 o |
R, Voc
R, B RylIR, B
AW S BV :
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Circuit Analysis

METU

Calculation of the Thevenin Equivalent Voltage V,;,

2. Calculate the voltage open circuit Alternative Representation of the Circuit

V,. between the terminals A-B Current |

R2
Voltage Division RatiQ = -======ssmee=mnmmmuzmmnmmue-

Ri*+ R+ (R;//Ry)

R+ Ry* (Ry//R, ) <>
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O Circuit Analysis

METU

Determination of Thevenin Equivalent Circuit by Calculation

3. Remove (kill) all the sources in the Circuit with Voltage Source

given circuit Ry aa
Meaning of “Killing Voltage Source”: :I% %
VS
(a) Short Circuit all voltage sources R, R
- AW
R, B
| E— —
A very Important Rule: Voltage Source Killed
Controlled (dependent) sources cannot be h A
killed. b
If you do, the result will be incorrect!
Hence, a circuit with these types of sources
can NOT be simplified by using the Thevenin
Equivalencing Method . B
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O Circuit Analysis

METU

Calculation of Thevenin Equivalent Resistance R,

3. Remove (kill) all the sources in the A Circuit with Current Source

given circuit

Meaning of “Killing Current Source”:
(b) Open Circuit all current sources

Current Source Killed

An Important Rule:

R |
Controlled (dependent) sources cannot be : A A
killed.
If you do, the result will be incorrect! | . - R,
Hence, a circuit with these types of sources /\M3N\
can NOT be simplified by using the Thevenin R,
Equivalencing Method AW — B
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O Circuit Analysis

METU

Calculation of Thevenin Equivalent Resistance R,

3. Kill all the sources in the given circuit,
4. Calculate the equivalent resistance

R,g seen from the terminals A and B

AW — —MWWA
+
<> V R . R,
R, R,
MW — - MWW
R, Ry c
MWW «— B MWW —
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Circuit Analysis

METU

Calculation of Thevenin Equivalent Resistance R,

4. Perform simplifications on the A
resulting circuit in order to find
Requiv.
R3 X R4 RZ
R;+R,
« B
L A
(R3 // Ry) + R R,
B B
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Circuit Analysis

METU

Calculation of Thevenin Equivalent Resistance Reoquiv

|
4. Perform simplifications on the —A
resulting circuit in order to find R,
Requiv=((R3 /Ry )+ R1) /I R, ((Rg/IR) +Ry) IR,
=((R;xR)/(R;+R,)*+Ry) /R,
(R;xR)(R;+R,)+R;) xR, 5B

((RsxR,)/(R;+R,)*R;) *+R,
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Circuit Analysis

Resulting Thevenin Equivalent Circuit

(RyxRy)(R;+R,)*+R;) xR, (R3xR4)/(R3+R4)+ R1) x R2

Requi

" ((R3xR4)/(R3+R4)+R1)+R2

W A
AW —

Ri*+ Ry + (R;//Ry)

R,
Voc = Vs
Ri*+Ry+ (Rs3//R;)
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Circuit Analysis

METU

Example

R,=2 Ohm

I
A

Determine the “Thevenin Equivalent” of the
circuit shown on the RHS

Calculation of R,

=(R,//R, +R,) /IR,
=((R;x R )/(R;*+ Ry) +R) // R,

equ:v

((R3XR4)/(R *Ry)*Ry) xR,

((R3XR4)/(R *Ry)*R;)*+R,

_(22222+2)x4 16,8888
..................................... = 2.054 Ohm
22222+ +4 822222
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Circuit Analysis

Example

Calculation of V,;, .

A

R;*+Ry+ (R;//Ry)

=4/(2+4+22222) * 100 = 48.65 Volts
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O Circuit Analysis

Resulting Thevenin
Equivalent Circuit

Requiv = 2.054 Ohms

+

() Vequiv = 48.65 Volts
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Circuit Analysis

METU

Determination of the Thevenin Equivalent Circuit
by using Open and Short Circuit Tests

R
Procedure L
_ N

Short circuit the terminals A
and B and measure | . R,
Open circuit the terminals A and R,
B and measure V. ANWW-M———_
R,
MWW
R1
A
+ IVWV\ T
C) Vs -
R
R3 2 C) Vs R3 R2
AN AW ]
R, R4
B B
L AW — AV :
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Circuit Analysis

METU

Short Circuit Test

The main objective of Short Circuit Test is to a) Short circuit the terminals A
determine the current I, flowing when the and B of the given circuit,

terminals A and B are shorted b) Measure the current Ig¢
flowing through the short

circuit
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Circuit Analysis

METU

Open Circuit Test

The main objective of Open Circuit Test is to a) Open circuit the terminals of
determine the voltage at the terminals A and B the given circuit,

when these terminals are open circuited b) Measure the voltage V.
between the terminals A and

B of the given circuit
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Circuit Analysis

Determination of the Thevenin Equivalent Circuit
by using Open and Short Circuit Tests

R1
AN A Procedure
< a) Divide Vy by Is. and find
V Rz R .
s R3 equivalent,

A A A A A / b) Vequivalent = VOC

R1 ) IV\NV\ —

i + +
Vs R3 % R2 V Vequiv
: oC

R,

MWW LB e =

B
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O Circuit Analysis

Example 1. Unbalanced Wheatstone Bridge

e
i.e. current flows in the ammeter
Calculate the value of the ;
unknown resistance R, in the :
unbalanced Wheatstone Bridge
shown on the RHS, if the
current read by the ammeter is

5 Amp.

Since 5§ Amp passes through the
ammeter, the bridge is
unbalanced, hence, cross
multiplication of branches are
not equal

EE 209 Fundamentals of Electrical and Electronics Engineering, Prof. Dr. 0. SEVAIOGLU, Page 20



Circuit Analysis

Example 1. Unbalanced Wheatstone Bridge

BTN

First, take out the ammeter and 50
Ohm resistance connected to
terminals C and D

100 Q

*Vs= 100V

O
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Circuit Analysis

Example 1. Unbalanced Wheatstone Bridge

_ sowsen Y
[
a0 | =SA

Determine the Thevenin Equivalent of
the source side of the circuit, i.e. the
rest of the circuit after the ammeter
and 50 Ohm resistance are taken out

100 Q

1. Kill all the sources in the given
circuit

Meaning of the The Term: “Killing
Sources”

C

R,=100Q _
Means Short Circuiting the voltage ’ Rr20Q

source in the circuit on the RHS
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Circuit Analysis

Example 1. Unbalanced Wheatstone Bridge

Determine the Thevenin Equivalent
of the source side of the circuit, i.e.
rest of the circuit after the ammeter
and 50 Ohm resistance are taken
out

2. Calculate the equivalent
resistance of the rest of the
circuit
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Circuit Analysis

Example 1. Unbalanced Wheatstone Bridge

20 5?._

Determine the Thevenin Equivalent of
the source side of the circuit, i.e. the
rest of the circuit after the ammeter
and 50 Ohm resistance are taken out

2. Calculate the equivalent Cr— R,

resistance of the rest of the _ MAN—

circuit

R=100Q | R=200Q
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Circuit Analysis

Example 1. Unbalanced Wheatstone Bridge

i
—
20 5?_ .| I=5A
Determine the Thevenin Equivalent of the ’ ‘“ : -
source side of the circuit, i.e. the rest of the o =]
circuit after the ammeter and 50 Ohm
resistance are taken out
Req — Req1 + Req2 Rx R1=100 Q -
= (Ry//R,) *+ (R/Ry) —/\WWW\ ’WV\—
= (R, x100)/(R,+100) +(100 x 20)/(100+20) Ll
R,=100Q R,=20 Q
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Circuit Analysis

METU

Example 1. Unbalanced Wheatstone Bridge

_ solution | Thevenin Equivalentlotage

Determine the Thevenin Equivalent of
the source side of the circuit, i.e. the
rest of the circuit after the ammeter
and 50 Ohm resistance are taken out

100 Q
Restore back the source,
Open circuit the terminals C and +\e= 100V
D and calculate the Thevenin =
Equivalent Voltage C L
HD =100 Q2 Rf 200

B
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O Circuit Analysis

Example 1. Unbalanced Wheatstone Bridge

_ solution | Thevenin Equivalentoage

Determine the Thevenin Equivalent of

the source side of the circuit, i.e. the [ :
rest of the circuit after the ammeter . -
and 50 Ohm resistance are taken out  [EEu—_—_—

2. Restore back the source, P
3. Open circuit the terminals C and [ R;=100 Q
D and calculate the Thevenin
Equivalent Voltage e g l D

Ve=100V x 100/(100 + R, Vo S R=20
V, =100 V x 20/(100 + 20)
Vo = V=V, = 100 (100/(100+R,)- 100/6) B: ¢
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Circuit Analysis

Example 1. Unbalanced Wheatstone Bridge

Draw the Thevenin Equivalent Circuit R = (R, x 100)/(100 + R,) + 100/6

m
3
>

|

Ve = V=V, = 100(100/(100+R, )-100/6) AW
R., = (R x100)/(100 + R, ) + 100/6
V0= 100(100/(100+R,) - 100/6)

1= Vg / ( Ryg * 50 Ohm ) j

= (100(100/(100 +R,) -100/6)) /(R,, *+50)
=5Amp

A

50 Q

Solve this equation for R, & Homework
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O Circuit Analysis

Example 2. Unbalanced Wheatstone Bridge

e
i.e. current flows in the ammmeter
Calculate the source voltage V.
by using the Thevenin :
Equivalent Circuit of the
unbalanced Wheatstone Bridge Ra=500 . R,=1000

shown on the RHS

Since the bridge is unbalanced,

cross multiplication of branches > V., C
are NOT equal, hence 5 Amp

passes through the ammeter

Rb =100 Q
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O Circuit Analysis

Example 2. Unbalanced Wheatstone Bridge

m Thevenin Equivalent Resistance

First, find the Thevenin Equivalent
Resistance of the circuit other
than the 50 Q resistance in the
middle of the Bridge

100 Q
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q) Circuit Analysis

|
o

METU

Example 2. Unbalanced Wheatstone Bridge

7N

T e w g as

=100 Q
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O Circuit Analysis

METU

Example 2. Unbalanced Wheatstone Bridge

Thevenin Equivalent
Resistance

"R=50Q R=1002 L p

MWW WA

R=100Q | R=200
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O Circuit Analysis

METU

Example 2. Unbalanced Wheatstone Bridge

Thevenin Equivalent Resistance

C.J R=50Q R,=100 LD
LAV —
RThev. = (Ra //Rb) v (R1//R2)
R=100Q | [ R=200 = (50/100) + (100/20)
L1 Lapgin = 33.333 + 16.667 = 50 2

P
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O Circuit Analysis

Example 2. Unbalanced Wheatstone Bridge

Thevenin Equivalent Voltage

Now, find the Thevenin Equivalent
Voltage at the terminals C and D

1. Put back the source,

2. Open circuit the terminals C and D,

3. Calculate the Thevenin Equivalent
Voltage at the terminals C and D

100 Q
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O Circuit Analysis

Example 2. Unbalanced Wheatstone Bridge

_ Solwtion | Theenin Equivalnt olage

Now, find the Thevenin Equivalent
Voltage at the terminals C and D

1. Put back the source,

2. Open circuit the terminals C and D,

3. Calculate the Thevenin Equivalent
Voltage at the terminals C and D

V=V, 100 /(100 + 50) = (2/3) V,
V, =V, x20/(100 + 20) = (2/12) V.=V./ 6
Voo = Vo.-V,= V. (2/3-1/6)= V. /2 Volts
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O Circuit Analysis

Example 2. Unbalanced Wheatstone Bridge

Now connect the resulting Thevenin
Equivalent Resistance and Thevenin R~ (RallRb)+(R1//R2)=50Q ¢ |=54
Equivalent Voltage Source A

I =(V,/2)/(50+ 50 Ohm ) 50 Q
=(V,/2)/100 =V, /200
=5Amp

%l e

O

1
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Circuit Analysis

METU

Norton Equivalent Circuit

Thevenin Equivalent Circuit can be
converted to an alternative form with a
current source |, ;, in parallel with an

admittance G, ;,, called; “Norton
Equivalent C|rcmt” or simply “Norton

Form”
Thevenin Equivalent Circuit Norton Equivalent Circuit
R |
equiv i A __A> A
+
Vequiv
C) Wt - quuiv= """"" c':'equiv= 11 Requiv
; Requiv
«— B ~—B
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O Circuit Analysis

METU

Determination of Norton Equivalent Circuit Parameters

* Divide V

equiv

* Replace V

equiv

 Calculate G

Requiv’
« Connect G

by Requiy find |

by quuiv’
as the reciprocal of

equiv’

equiv

in parallel with |

Thevenin Equivalent Circuit Norton Equivalent Circuit

equiv equiv

R

equiv | IA

«— B «—B
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Circuit Analysis

METU

Example

Requiv= 20 Ohm b a
Determine the Norton Equivalent of the NN —

Thevenin Equivalent Circuit shown on the

RHS (S Vyguiy = 120 V

—B
i = 120/20= 6 Amp
Gequiv. = 1Requiv, = 1/20=0.05 Siemens a A

(D lequiv = 6 Amp Gequiv = 0.05 Siemens

— B
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O Circuit Analysis

Current Injection Model

Norton equivalent current may be regarded

as a current injected from outside, i.e. from
the ground node, to the circuit at node A

Norton Equivalent Circuit Current Injection Model
IA “Injected Current” _ Vequiv
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O Circuit Analysis

Maximum Power Transfer Condition

Question:
Determine the value of the resistance in the
following circuit in order to transfer maximum

power from the source side to the load side

Solution: First simplify the circuit to its
Thevenin Equivalent Form as shown on the RHS

Requiv

lA Resistance i A Resistance
R, —VVVYV 1 R

+
- <>Vequiv
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Circuit Analysis

METU

Maximum Power Transfer Condition

Solution: Two Extreme Cases; Thevenin Equivalent Circuit

Case —1 (Resistance is short circuited R
equiv A |, Resistance
Ru=0 ——A\WW =S
In this case the load power will be zero
since;
P=R, x I
= RL X (Vequiv/ (Requiv+ 0))2
=0 x (vequiv/ Requiv)2 =0 B
Case — 2 (Resistance is open circuited) h—

RL = 00

In this case the load power will again tend
to be zero since;

P=ocoy|?

= x(V,

/(°° + Requiv))2 =0
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Circuit Analysis

METU

Mathematical Fact

Mathematical Fact Graphical lllustration
A function passing through zero [l -- ------
at two distinct points possesses [ —
at least one extremum point in ol o
the region enclosed by these / N\

points ol / \
4000 / N
20.00 // \\

0.00

000 ~2p0 40 600 800 1000 12100 14100  16/00 1800 2000 2200\ 24,00
-20.00 // \\
-40.00

_&n AN
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Circuit Analysis

METU

Maximum Power Transfer Condition

Graphical Representation Thevenin Equivalent Circuit

P=R, X P =Ry x (Vaguiy/ (Requiv* RU)?

(2]

Resistance
equiv A |, R,

g pas //_ \\\ | AAAAN —

Power Drawn P (Watt)

5 10 15 20

A

; R, (Ohm)
M Optimum Value of R,
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Circuit Analysis

Maximum Power Transfer Condition

Solution: Then maximize; P=R, |2

P=R, I
I2 = (Veq/Rtotal)2 = (veq/(Req+ RL))Z
Hence,
P= RL (veq/(Req+ RL))2
= veq2 RL /(Req+ RL )2

Now, maximize P wrt R, by differentiating P with
respect to R,

dP/dR, =0
did (R, V.2 R, /(R*R.)?)=0

Voo’ [( Reg* R, )= 2(R,,* R )R,]/ denom?= 0
where, denom = ( R+ R, )

or

(Req+ RL)Z_ 2 (Req+ RL) RL= 0

— Req = RL

Thevenin Equivalent Circuit

IA A Resistance
— R,

Conclusion:

For maximum power transfer, load
resistance R, must be equal to the
Thevenin Equivalent Resistance of the
simplified circuit

Req = RL
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Circuit Analysis

Maximum Power Transfer Condition

Why do we need Shanghai Maglev Train
Maximum Power ? (World’s Fastest Train)

&,
. ' 8
TEE . i
-

Maximum power means
maximum performance and
maximum benefit by using the
same equipment, and

investment,
in other words, maximum SR *
speed, or maximum force, or 1l =

maximum heating, or maximum
illumination or maximum
performance by using the same
equipment, the same weight,
and the same investment

g
N AT,
O,
| PR e )
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O Circuit Analysis

METU

Node (Junction)

m Circuit Representation of Node (Junction)

A node is a point at which two or __ Current],
more branches are connected

- Curﬂt h —> Current |,
Basic Rule
Currents entering a node obey Current|,
Kirchoff’s Current Law (KCL)
Power System Representation of Node (Junction)
—> Current |,
Current |, —> Current |,
—

—» Current|,,
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O Circuit Analysis

>

METU

Ground Node (Earth Point)

+ Vi + V,
Deﬂnition :4 ........................... >: :4 ........................ »:
. R iR :

Ground Node is the point
(junction) at which the voltage is
assumed to be zero

All other voltages takes their i+
references with respect to this :
ground node

Representation Ground Node
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Circuit Analysis

Ground Node (Earth Point)

Definition

Ground Node is the point (junction) at which the
voltage is assumed to be zero

All other voltages takes their references with
respect to this ground node

Ground Node s
(Black Terminal) .............

Measured Node
(Red Terminal )

',; 1
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O Circuit Analysis

METU

What do we mean by Solution of an Electrical System?

MASRA
Pl E L - ALTINKA

Y,
~n-

CARSAMBA

=] v
KEBAN/

CANKIRI BOYABAT
~
.\

. QAYIRHAN KAYABASI H. UGURLU TIREBOL
ELBISTAN i §INCAN §
KARAKAYA \ - K(;EKAYA \ GOLB
ANGAL
HILVA @ p TEMELLI KAYSERI
KARAKAY,
YESILHISAR
KONYA
TATURK

AFYON@"

IR0 W N SEYDISEH ANDIRII\.
YATAGAN N \
" \N
éEMERKOY N . N \ AD A.N A o G. ANTEP
YMAPINAR
VARSAK A \ERMENEK\ ’./
~

A \GAYRAKTEPE ISKENDERUN
e

NN
& B

AKKUYU

MEDITERRANEAN SEA ﬁ%

BIRECIK

\
\

ALEPPO - HALEP

SYRIA

YUSUFE|
TOZKOY ﬁ
é 16
\ /// I
AN R
OZLUCE / HORASAN | BEYAZIT

ERZURUM
BAZARGAI
IRAN

IYARBAKIR

KIZILTEPE r'e

GEORGIA

BATU
AKHALTSIKHE
«
4
4

e j BORCK

-7 ZDERINE

GUMRI
R

/ RS
?

KHOY
A
4

BATMAN ALKUMRUCETIN
Z& /
DOGANLI [

-
—_— HAKKARI
1 ILISU/ 74}

CIZREAGs3
N\~

AKHO

N
~akesek IRAQ

[AA TPP (PLANNED)

& PP (EXISTING)

[A HPP (PLANNED)

B HPP (EXISTING)
——400 KV TL (EXISTING)
— =400 kV TL (PLANNING)
——220kV TL

154 KVTL
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Circuit Analysis

METU

Node Voltage Method

Procedure

Select one of the nodes in the system as
the reference (usually the ground node),
where voltage is assumed to be zero,
Convert Thevenin Equivalent circuits into
Norton Equivalent circuits by;

o Converting source resistances in
series with the voltage sources to
admittances in parallel with the
current sources (injected currents)

9. =1/R,

Converting voltage sources to
equivalent current sources, i.e. to
equivalent current sources in parallel
with admittances,

IS :VS/RS :VSgS
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O Circuit Analysis

METU

Node Voltage Method

Procedure (continued) Please note that all these points form a single node
1 4% R

Assign number to each node,
Assign zero to ground node, as
node the number,

Assign voltages V,, ... V., to all

nodes except the ground V R v
(reference), | 1N Yy B —
Set the voltage at the ground node | :
to zero, i.e. V, = 0, ) :
Js R1o V1 RZOEV2
- T
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Circuit Analysis

METU

Node Voltage Method

. |, g * . |
Procedure (Continued) I 1 \ iy — Ay,

7. Assign current directions in all branches. JuF¥ l|1-05 1|1_0 Riz l|2_0
S

(Define the direction of currents in the
branches connected to the ground node
as always flowing towards the ground),

. Write-down branch currents in terms of
the node numbers at the sending and
receiving ends, where the sending and
receiving ends are defined with respect l,=(V,<V,) /R,,=(V,-V,) gy,
to the current directions as defined _ _
above and as shown below, = (Vi=Vo) /R1= V191

|1 , l.0s= (Vi=Vy) /Rs=V, g,
v v

Receiving end - -
/\N\N\_ b= (V3=V5) / Ry=V, 95
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Circuit Analysis

METU

Node Voltage Method

Procedure (Continued) _,n otz

Express branch currents in terms of
the voltages at the sending and
receiving ends by using Ohm's Law,
except those flowing in the current
sources (They are already known)

=(V1=V,) IR, =(V,=V,) 91,
=(V1=Vy) IR x=V1049

l10s = (V1 =Vy) / Rg =V, g

= (V,=Vy) ! Ryy =V, 05

EE 209 Fundamentals of Electrical and Electronics Engineering, Prof. Dr. 0. SEVAIOGLU, Page 54



O Circuit Analysis

Node Voltage Method

Procedure (Continued) Total no. of equations = N - 1
10. Write down KCL at all nodes except Number of nodes=N=3
the ground (reference) node. Number of equations = N-1= 2

(Do not write KCL equation for the 5
ground node !) '

o+ |

10 1.2 1-2 E Vv,
Please note that there are only two
unknown voltages, i.e. V, and V, 1' l' Ry, l|2_0
Hence, KCL equations must be written e "
only at these nodes, i.e. at nodes 1 and
node 2
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Circuit Analysis

Node Voltage Method

Procedure (Continued)

ls = 1105 + 110+ 115

I, =10
11. Now, substitute the voltage terms into
the above equations;

s =Vs IRg =V gs

lios =(V1=Vo)/Rs=V,0q

o =(V1=Vg)/Ry=V1050

i, =(Vi=V5)/Ry,p=(Vi-V3) 950
Lo =(V2=Vy)/Ry=V,05
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O Circuit Analysis

METU

Node Voltage Method

Procedure (Continued) | n o * 12 .2 E

Obtain the following Nodal Equations;

Is — Il-Os + Il-O

|1—2

2-0

Vs0s=V,9s+ V100t (Vi—V,) 05
(Vi=V,)d1,=V, 05

Nodal Equations (Two equations vs two
unknowns)
V, and V, are unknows, all other are knowns

EE 209 Fundamentals of Electrical and Electronics Engineering, Prof. Dr. 0. SEVAIOGLU, Page 57



Circuit Analysis

Node Voltage Method

| o+ 1y, .
Procedure (Continued) ~Hd 2B

or, rearranging; l|1o l | |2ol
-Us 1-0 -
Vigs+Vi00+ (Vi—V;) 01,= Vs

-(V1-V3) 01, V50,0 =0
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O Circuit Analysis

Node Voltage Method

Procedure (Continued) , wthe ha
— MW

e T

Nodal admittance matrix :
Voltage (Unknown) vector
Injected Current (Known) (RHS) vector

9. Solve the resulting nodal equations for
node voltages
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Circuit Analysis

METU

A Simple Rule for Forming Nodal Admittance Matrix

912,=1/Ry,
MW=

g:=1/R, 910=1/Ryg

Symmetrical

 Find the admittances of the branches in the circuit
by calculating the inverse of resistances;

g = 1/R12 912=1/Ry,

« Put the summation of admittances of those
branches connected to the i-th node to the i-th
diagonal element of the nodal admittance matrix gy =1/Ry

* Put the negative of the admittance of the branch
connected between the nodes i and j to the i - jt"
and j-it" element of the nodal admittance matrix
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Circuit Analysis

METU

A Simple Rule for Forming Node Voltage Vector

 Write down the unknown node
voltages in this vector in sequence
starting from 1 to n-1 (i.e. exclude
the voltage of the reference node.
Voltage of the reference node is
assumed to be zero)
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Circuit Analysis

A Simple Rule for Forming Current Injection Matrix

Rules
B | injected _| Vs9s '
2 0 0

* Write down the injected currents in this vector,

. Write down = { Vs g, if there is an injection,
0 otherwise REAT R

1 ~ 3\
e\ N SN
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Circuit Analysis

METU

Solution of Nodal Equations

I 14 2"' l1.9
Procedure

Substitution Method Matrix Methods Software Packages

Write down the above equations as

a set of linear equations and solve : :
them by using the known Read the next page Use computer
“Substitution and Elimination

Technique” seen in the high school
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Circuit Analysis

METU

Solution of Nodal Equations

Procedure (Continued) R 1 o
|1 0s g |1 0

To find the node voltages

Matrix Methods

-
* Invert the nodal admittance matrix,

«  Multiply the RHS vector by this inverse
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Circuit Analysis

Calculation of Inverse of a 2x2 Matrix

Procedure (Continued)

To find the inverse of a 2 x 2 matrix

First calculate the determinant of the
given matrix;

Determinant - a11 X 322 - 321 X 312
=d
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Circuit Analysis

Calculation of Inverse of a 2x2 Matrix

Procedure (Continued) . : 1
dip Ay,
To find the inverse of 2 x 2 matrix |
Aoy | Q22
2. Then, calculate the co-factor matrix. — -

To calculate the a,, element of the
co-factor matrix;

*  Delete the 1° row and 1*! Delete this row | Write down the
column of the matrix, and column remaining element

*  Write down the remaining in this position
element a,, in the diagonal :
position: 2,2, where the deleted

row and column intercepts, 422

*
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Circuit Analysis

Calculation of Inverse of a 2x2 Matrix

Procedure (Continued)

To find the inverse of 2 x 2 matrix

«  Perform the sam procedure for
the next element a,, in the
matrix

« Repeat this procedure for all

elements in A.

Write down the
remaining
element in this
position with a (-)
sign

Delete this row
and column
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O Circuit Analysis

Calculation of Inverse of a 2x2 Matrix

Procedure (Continued)

To find the inverse of 2 x 2 matrix ........................

Set the sign of the i-j*" element in
the co-factor matrix such that;

_ +1 wheni +j is even,
v sign ={ .

SR GERC-.. .............. :

« Transpose the resulting matrix
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Circuit Analysis

Calculation of Inverse of a 2x2 Matrix

Procedure (Continued)

To find the inverse of 2 x 2 matrix

3. Finally, divide the resulting
transposed co-factor matrix by the
determinant

RESULT: Inverse of the given matrix

EE 209 Fundamentals of Electrical and Electronics Engineering, Prof. Dr. 0. SEVAIOGLU, Page 69



Circuit Analysis

Example

Find the Inverse of the
Matrix given on the RHS

1. First calculate the determinant of
the given matrix;

Determinant =1x6-2x4 =-2
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Circuit Analysis

Example (Continued)

Procedure (Continued) . T 1
To find the inverse of 2 x 2 matrix |
2 6
2. Then, calculate the co-factor matrix. — §
To calculate the a,, element of the
co-factor matrix; : P
« Delete the 15t row and 15t Write down the
column of the matrix, and column remaining element
*  Write down the remaining in this position
element a,, in the diagonal
position: 2,2, where the deleted I ]
row and column intercepts, 6
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Circuit Analysis

Example (Continued)

Procedure (Continued) B Yk 1
To find the inverse of 2 x 2 matrix .
«  Perform the sam procedure for — —
the next element a,, in the
matrix Write down the :
+  Repeat this procedure for all remaining Delete this row
elements in A. element in this and column

position with a (-)
sign
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O Circuit Analysis

Example (Continued)

Procedure (Continued) B 5 " 5
To find the inverse of 2 x 2 matrix ........................
Set the sign of the i-j*" element in 4 .

the co-factor matrix such that;

/ eion = +1 wheni+jis even, :
SION =7\ 1 otherwise ~ [1ENE—_— :

« Transpose the resulting matrix
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Circuit Analysis

METU

Example (Continued)

Procedure (Continued)

To find the inverse of 2 x 2 matrix

3. Finally, divide the resulting
transposed co-factor matrix by the
determinant

RESULT: Inverse of the given matrix
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Circuit Analysis

METU

Solution of Large - Size Systems

Procedure

Suppose that we want to solve the
three-bus system shown on the
RHS for node voltages

Nodal equations for this system
may be written as follows
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O Circuit Analysis

Calculation of Inverse of a 3x3 Matrix

Procedure (continued) T LI -

Hence, we must find the inverse of the Ay; Aoy Aog
coefficient matrix G

To find the inverse of 3 x 3 matrix - ' i

1. First calculate the determinant of the @2"1... 2,

matrix; )
 For that purpose, first augment

the given matrix by the “first two’’.

columns of the same matrix from ) )

b x

the RHS sl =| =

. © (1] ©

* Then, multiply the terms on the <1 x| x
main diagonal sl s| &
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Circuit Analysis

METU

Calculation of Inverse of a 3x3 Matrix

Procedure (Continued)

* Then, multiply the terms on the
other (cross) diagonal

- & P
3+ © S
> 3 P
o~ ™ 3
ol o] «
> > >
R = -
© (1] ©
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O Circuit Analysis

Calculation of Inverse of a 3x3 Matrix

 Then, subtract the latter three

multiplications from those found in
the former

»

dq3 x dpp x dyy
Aqq x p3 x Az
gy x @y1 x Ag3
dyq x A x Ay
g x dp3 x Az
g3 x @y x Ay

+ +

A/

Determinant of A= Sum,- Sum,
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Circuit Analysis

Then, calculate the co-factor matrix.
To calculate the a;; " element of the
co-factor matrix;

Delete the i the row and j the

Calculation of Inverse of a 3x3 Matrix

column of the matrix,

Calculate the determinant c;;
of the remaining 2 x 2
submatrix by using the method
given earlier for 2 x 2 matrices

Delete this ow and Calcuate the
column determinant of the

resulting 2 x 2

submatrix
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O Circuit Analysis

Calculation of Inverse of a 3x3 Matrix

« Repeat this procedure for all
elements in the matrix

Calculate the
determinant of the
resulting 2 x 2
submatrix
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Circuit Analysis

METU

Calculation of Inverse of a 3x3 Matrix

Procedure (Continued)

Write down these determinants in
the corresponding locations,

Set the sign of these elements
such that;

v eian = +1 when i+ j is even,
SIgN = .1 otherwise
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Circuit Analysis

METU

Calculation of Inverse of a 3x3 Matrix

Procedure (Continued)

2. Then, transpose the resulting co-
factor matrix
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Circuit Analysis

Calculation of Inverse of a 3x3 Matrix

Procedure (Continued)

3. Finally, divide the resulting
transposed co-factor matrix by the
determinant
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Circuit Analysis

columns of the same matrix from e

the RHS

* Then, multiply the terms on the

main diagonal
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Example
Example 1 2 4 E gl-"i ........ é.";
Find the inverse of the coefficient matrix 2 8 -2 1 2 8:
given on the RHS 4 -2 2.4 2
1. First calculate the determinant of the 1 P —
matrix; 2 4 12
 For that purpose, first augment 2 8. -2 2 8
the given matrix by the “first two” 4 -2 2, 42




Circuit Analysis

METU

Example

Procedure (Continued)

* Then, multiply the terms on the
other (cross) diagonal
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O Circuit Analysis

Example

Procedure (Continued)

* Then, subtract the latter three
multiplications from those found
in the former

Determinant of A=-16 - 140 = -156
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O Circuit Analysis

Example

Then, calculate the co-factor matrix.
To calculate the a;; " element of the
co-factor matrix;

* Delete the i the row and j the

column of the matrix,

Calculate the determinant c;;
of the remaining 2 x 2
submatrix by using the method
given earlier for 2 x 2 matrices

Delete this row and Calculate the

column determinant of the
resulting 2 x 2
submatrix:

2x8-2x2=12
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O Circuit Analysis

Calculation of Inverse of a 3x3 Matrix

« Repeat this procedure for all
elements in the matrix

Calculate the
determinant of the
resulting 2 x 2
submatrix:

2x2-4x(-2)=12
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Circuit Analysis

METU

Calculation of Inverse of a 3x3 Matrix

Procedure (Continued)

Form the co-factor matrix as
shown on the RHS

Transpose the co-factor matrix
(It will not change since it is

symmetrical)
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Circuit Analysis

Calculation of Inverse of a 3x3 Matrix

Procedure (Continued)

3. Finally, divide the resulting

transposed co-factor matrix by
the determinant

-12/156  12/156 36/156

12/156  14/156 -10/156
36/156 -10/156 - 4/156
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O Circuit Analysis
Solution Step

Procedure (Continued) These elements are zero for nodes with no
current injection
Final step of the solution procedure :

is the multiplying the RHS vector
with the inverse of the nodal

admittance matrix

V
V
\Y,

G- /I =V
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O Circuit Analysis

METU

Nodal Analysis with Pure Voltage Sources

Procedure (Continued)

Sometimes we may encounter a
voltage source with no series

resistance, called; “Pure Voltage
Source”

Please note that there is  HS
no resistance here

A pure voltage source connecting a f
node to ground means that the voltage () .V, = Fixed

is fixed at this node, (i.e. it is no longer
unknown)

A pure voltage source with no series
resistance creates problem in the solution

procedure, since it cannot be converted to n Vo=0
an equivalent Norton Equivalent Circuit, i.e. I

V,/R,=V,/0=w —
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O Circuit Analysis

Nodal Analysis with Pure Voltage Sources

Procedure (Continued)

Sometimes we may encounter a “Pure

Voltage Source” connecting two i Lty n+
nodes other than ground. —

v
V=120V E I2-3
— B

This means that the voltage difference l|1-Os l o
between these nodes is fixed

—

A pure voltage source with no series
resistance creates problem in the solution
procedure, since it cannot be converted to u
an equivalent Norton Equivalent Circuit, i.e. -

V,/R,=V,/0=
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q) Circuit Analysis

o

METU

Nodal Analysis with Pure Voltage Sources

Procedure (Continued) L L+l n+

—

In this case, the circuit can be solved l' |
dasS fO"OWS 1-0s l 1-0

Define the current flowing in this
voltage source as |,

Define this current as a new n

variable, | -

Write down KCL at each node, ; :

except the reference node, }4
Write down the equation for the

voltage difference between the <+

terminals of this pure voltage [ [ S———————

source n-1+ k equations
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O Circuit Analysis

METU

Nodal Analysis with Pure Voltage Sources

| +|1o n V-120v ly.3 E
l|1-0$ l|10 | 1'30

+ |

X

(n -1+ k= n) equations vs n unknowns

k=1,hencen-1 +k=n
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O Circuit Analysis

METU

Nodal Analysis with Pure Voltage Sources

and finally, writing down the equation for
voltage difference across the pure voltage
source n=4, k=1
n-1+k=4
4 V,-V,=120V 4 equations vs 4 unknowns

This equation spoils the symmetry
of the nodal admittance matrix
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Circuit Analysis

Nodal Analysis with Pure Voltage Sources

I +

Resulting Equations s bl

L Vigs * Viggpot - 1= 0

2 VoGt (Vo-V3) 931, =0

3 Vigsp +(V5-V;) 955=0
Extra Equation \/, -V, =120 Volts

EE 209 Fundamentals of Electrical and Electronics Engineering, Prof. Dr. 0. SEVAIOGLU, Page 97



N

O Circuit Analysis

METU

Nodal Analysis with Controlled Sources

—

Nodal Analysis with Voltage Voltage Controlled

Controlled Current Sources Current Source
I=AV,

 Write down the expression for the
current provided by the controlled :
current source in terms of the node | — B
voltage depended: /. =AYV, | S T - + Rz 1,20 R,; 1|30

Include this current in the summation
when writing KCL for the node that Ry
controlled current source is connected, A ERSES G sy
Solve the resulting nodal equations for TN © |
node voltages |
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q) Circuit Analysis

o

METU

Nodal Analysis with Controlled Sources

Nodal Analysis with Current il
Controlled Current Sources Current Source

Current Controlled Current Source: I,= Al

Procedure

Write down the expression for the current
provided by the controlled current source
in terms of current depended: [ =Al,

Express the depended current, /, , and
hence /g in terms of node voltages;
Is=A(Vi-V)/Riy=AVig4,
Include this current in the summation
when writing KCL for node that controlled
current is injected,
Solve the resulting nodal equations for
node voltages
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O Circuit Analysis

METU

N

Nodal Analysis with Controlled Sources

—_—

Nodal Analysis with Current

Controlled Voltage Sources

Current Controlled Voltage Source: V.= A,

Write down the expression for the
controlled voltage in terms of the current
depended: V.=Al,,

Express the depended current, |, , and
hence Vg in terms of the node voltages,
Convert the resulting voltage source Vg to

equivalent Norton current source,

Include this current in the summation when
writing KCL for node that that controlled
current is injected,

Solve the resulting nodal equations for
node voltages
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O Circuit Analysis

METU

Nodal Analysis with Controlled Sources

Nodal Analysis with Voltage
Controlled Voltage Sources ¥ \oitage Controlled R M
Voltage Source
Voltage Controlled Voltage Source: V.=AV, V=AYV, %
T , V,
]

 Write down the expression for the

controlled voltage in terms of the voltage
depended: V.=AV, =AYV,

Convert the resulting voltage source V. to
equivalent Norton current source,

Include this current in the summation
when writing KCL for node that controlled
current is injected,

Solve the resulting nodal equations for
node voltages
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O Circuit Analysis

Example

Node Voitage Method with Please note that current
Controlled Current Source controlled current source
in the circuit can NOT be

killed for finding the

the followina circuit bv usina the Node Volt Thevenin Equivalent Circuit
i If you do, the result will be

INCORRECT !

Hence, simplification b
employing Thevenin

: Equivalent Circuit Method
b, _ is NOT applicable to this
Dependency problem

Find the power dissipated in the resistance R, in
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Circuit Analysis

METU

Example (Continued)

Node Voltage Method with
Controlled Current Source

The first step of the solution is to combine the
resistances R, and 1 Ohm yielding a 3 Ohm

resistance, thus eliminating the third node

1 E 20 %19 <T>I52=10A | 30
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Circuit Analysis

Example (Continued)

Node Voltage Method with | n gt i ha E
Controlled Current Source — — AW
l|1-us 1'1.1] l'lz-u

40
Now write down KCL equation at Devend
Node-1 1 PP U Siadtitcdd AN N
t =10 A
8ly3=lios—li.o—11,=0 > 20 % Te Ct) :
Ly =V,/20
l, =V,/10 __n

Equation-1 | 8V,/3-V,/2-V,/1=(V,-V,)/4=0
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Circuit Analysis

Example (Continued)

Node Voltage Method
with Controlled Current
Source

Now, write down KCL equation
at Node-2

lig=lo—13=0

li, =(Vi=V,;)/4 02
L, =-1,=-10A

Ly =1,=V,/302

Equation - 2 (V,-V,)/4—=(=10Amp)=V,/3=0
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Circuit Analysis

Node Voitage Method with Controlied Reorganizing
Current Source eq-1 and eq-2
: m— T T - in matrix form
-(1/2+1/1+ 1/4 ) 8/3 + 1/4 V, 0
1/4 (14+13) || V2 10

AT5 L 2.9167 v, 0

0.25 | -0.5833 Va 10

Solution: V, = -100 Volts,
V,=-60 Volts
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O Circuit Analysis

Example (Continued)

Node Voltage Method with Load Resistance: R, =1 .02
Controlled Current Source

= -60 Volts

Now, find the power dissipated in R,

,L;=60V/302=20A
P=R, I>?=1x20%?= 400 W
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O Circuit Analysis

Mesh Current Method

A Loop is a closed path of branches
followed in clockwise direction that

begins from one node and ends
again at the same node
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O Circuit Analysis

Mesh Current Method

Basic Rule
Loops obey Kirchoff’s Voltage Law
(KVL)

Define the mesh currents in each mesh flowing
always in clockwise direction
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O Circuit Analysis

Mesh Current Method

“ Define the mesh currents in each mesh flowing
always in clockwise direction

A Mesh is a loop that does not contain
any other loop inside
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O Circuit Analysis

METU

Mesh Current Method

Please note that the path shown by dashed line is NOT a
mesh, since it contains some other loops inside

Ve |+ + +
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O Circuit Analysis

METU

Mesh Current Method

I:112
Procedure AW

1. Determine the meshes and mesh
current directions in the circuit by
following the rules;
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Circuit Analysis

METU

Mesh Current Method

Procedure Ry
~ Procedure A

2. Define mesh currents in each mesh “
flowing in the clockwise direction,
Convert all current sources with parallel R, R,

admittances, if any, to equivalent MWW AMW\—
Thevenin voltage sources with series

Thevenin equivalent resistances, Vg, | + +
Norton Equivalent Circuit Thevenin Equivalent Circuit ﬁ) “ R3 n

Requiv A

A
= MWW=

v +
<T> loquiv equiv <> Vequiv
B B

< -
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O Circuit Analysis

Mesh Current Method

4. Write down Kirchoff’s Voltage Law (KVL) in |

each mesh in terms of the source voltages,
mesh currents and resistances,

. Solve the resulting equations

“Ris(l3-15) - Rypl3-Ry; (13- 1;) = 0
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O Circuit Analysis

METU

Mesh Current Method

Risx(-1;) R Rizx(+15) § -Ryzx(l- 1)
! R

12

o Start from a certain point in Mesh-1, if
possible from the ground node A and
follow a closed path in clockwise direction,

o When you pass over a resistance, for
instance, over resistance R,;;
* assign “=” sign to the current, if itis in

the same direction as your clockwise
direction, i.e. |,
* assign “+” sign to the current, if it
opposes your clockwise direction, i.e. I,
* sum up the resulting voltage terms in
the mesh Vo,-Ry3(1,-1;) - Ry (1,-1,) =0
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O Circuit Analysis

METU

Mesh Current Method

Ry x (-1,) R Ryox (+ 1) § -Rapx(l 1)
R :

o Start from a certain point in Mesh-1, for
instance, from point A and follow a path in
clockwise direction,

o When you pass over a resistance, for
instance, over resistance R,;;
* assign “=” sign to the current, if itis in

the same direction as your clockwise
direction, i.e. |,
* assign “+” sign to the current, if it
opposes your clockwise direction, i.e. I,
* sum up the resulting voltage terms in
the mesh "Ry (l;=11) - Ry (1,-15) = Vg, = 0
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o

METU

Mesh Current Method

E R

o Start from a certain point in Mesh-3, for
instance, from point B, and follow a path in
clockwise direction,

- When you pass over a resistance, for
instance, over resistance R;s;
» assign “=” sign to the current, if it is in

the same direction as your clockwise
direction, i.e. I,

* assign “+” sign to the current, if it
opposes your closckwise direction, i.e. |,

 sum up the resulting voltage terms in the
mesh “Rys(l5-15) - Ryyl3-Ryy (15-1,) = 0

EE 209 Fundamentals of Electrical and Electronics Engineering, Prof. Dr. O. SEVAIOGLU, Page 117



O Circuit Analysis

METU

Mesh Current Method

_ osulingMesh Equatons =
Resulting Mesh Equations @
Mesh-1 Vss- Rz (li-13) =Ry (1;-1,)=0

Mesh-2' -Vg,- R3g(I;-11) - Ry, (1,-15)=0 | MWW—

Mesh-3 -R,,(l;-1,)-Ry3(l3-1;)-Ryy15=0 T
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Circuit Analysis

Mesh Equations in Matrix Form

R12
Resulting Mesh Equations

Mesh-1 Vs; - Ryz(11-13) =Ry (11-15)=0

Mesh-2 -V, -Ry (l,-1,) -Rs,(1,-13)=0

Mesh=3' R,y (l;-1,)*Ry3(13-1,)+R;1,=0

VS1
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O Circuit Analysis

Mesh Current Method

Procedure

Mesh-1 Mesh-2 Mesh-3

Mesh Resistance Matrix
Current (Unknowns) Vector
Voltage (Knowns) (RHS) Vector
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Circuit Analysis

Solution Step

Procedure

Final step is the solution of the nodal

These elements are zero for meshes
with no voltage source

equations by multiplying the Voltage
(RHS) Vector with the inverse of the Mesh
Resistance (coefficient) matrix
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Circuit Analysis

Rules for Forming Mesh Resistance Matrix
R13

* Put the summation of the resistances of
branches in the it mesh path to the it diagonal
location in the mesh resistance matrix,

Put the negative of the resistance of branch
which is common to both it" and j'" meshes to
the (i — j)t" location of the mesh resistance
matrix
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Circuit Analysis

METU

Rules for Forming the Unknown (Mesh Current) Vector

R12

MWW

R1 3 R32

S—1Y
 Write down the mesh currents in this vector + v,
in a sequence starting from 1 to n-1 (i.e. for n Ry, n
all meshes in the circuit)
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O Circuit Analysis

Rules for Forming the known (RHS) Vector

Rules 10 kW Turbine
1 Vs1
2 | - Vs
0

 Write down the source voltages in meshes in this vector,

Vg1t Vg, + ... (Sum of the voltage
sources in the mesh)

 j-th element in this vector = 0 otherwise
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Circuit Analysis

Example - 1
BT
Write down the mesh equations for @

the circuit shown on the right hand
side

Mesh -1 10—6([1—I3)—4(I1—Iz)=0

Mesh-2. -4 (l,-1)-1(l,-1;)-80=0

Mesh -3 —2I3—6 (I3—I4)—1(’3—I2)—6(I3_I1)=0

Mesh -4 +80—6(l4—l3)—7l4 +120=0
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Circuit Analysis

Example - 1

These equations may then be written
in matrix form as follows
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O Circuit Analysis

Example - 2

Mesh Current Method Please note that voltage
controlled voltage source in

: . : the following figure can NOT
Find the power dissipated in the load be Killed for finding the

resistance R, by using the Mesh Current Thevenin Equivalent Circuit.

Method If you do, the result will be
INCORRECT |

Hence, Thevenin

Equivalencing Method is NOT
applicable

Load Resistance: R, =1 Q
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O Circuit Analysis

METU

Example - 2 (Continued)

convert the Northon
; ; the shaded area to Thevenin

Equivalent Circuit

50 5 Volts 20
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O Circuit Analysis

METU

Example - 2 (Continued)

Mesh Current Method To simplify the circuit,

further, combine the
Thevenin Equivalent Circuit | Load Resistance: 1 .02 voltage sources and the 5
: Ohm resistances

v

50 . 5 Volts 20

10 Volts
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O Circuit Analysis

METU

Example - 2 (Continued)

Mesh Current Thevenin Equivalent Circuit | Load Resistance: 1 .02
Method

Now, write down the Mesh
Equations

Please note that 10 - 5 = 5 Volts 5 \olts

e p

voltage source remains here

This part can_not be further simplified, by employing Thevenin
Equivalencing Method, since it contains a controlled voltage source

EE 209 Fundamentals of Electrical and Electronics Engineering, Prof. Dr. O. SEVAIOGLU, Page 130



O Circuit Analysis
Example - 2 (Continued)

Further simplifying the circuit

Mesh-1 5-101,-2(l,-1,)-4V,=0
1 (1 2) 1 %109
Mesh-2 4V, -2(1,-1,) -(2+1)1,=0

Extta V.= (2+1)1,=3I, 5 Volts

Load Resistance: 1 Q2
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O Circuit Analysis
Example - 2 (Continued)

Substituting the Extra Equation

into Mesh-1 and Mesh-2 Equations;

Mesh -1 -12[ 10[ =0 %109 “
<I> 5 Volts

l,=0.15625 Amp

Mesh -2 7I2 +2I1

P., =1xl2=0156252

= 0.02441 W = 24.41 mWatt
ez
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O Circuit Analysis

METU

Mesh Analysis with Pure Current Sources

R12
Procedure AV

Sometimes we may encounter a current
source with no parallel admittance, called
“Pure Current Source”

A pure current source connecting two
nodes without any shunt admittance means
that there is fixed difference between the

mesh currents involving this current source

A pure current source with no shunt
admittance creates problem, since it
cannot be converted into an equivalent
Thevenin form, i.e.

Is /gequiv= Is/o =@
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Circuit Analysis

Mesh Analysis with Pure Current Sources

source

R12
i
The circuit is solved as follows “
Define the voltage across the pure .
current source as V "
X ANMNA——
Define this voltage (V,) as a new N
variable, N P |
Write down KVL for each mesh 5 ! °
, Vi ( 1
Write down the equation for the > “ <> n
current difference between the
meshes by using this pure current Lo
5-h=}A
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O Circuit Analysis

Mesh Analysis with Pure Current Sources
R12

I=n

2 V. (including V, ) =0

=1

I=n

2 V. (including V, ) =0

=1

(n + 1) Equations vs (n + 1) unknowns
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Circuit Analysis

Mesh Analysis with Pure Current Sources

Resulting Equations

Mesh -1 VS1'R13(I1'I3)'VX=0

Mesh -2 'VSZ+ vx'R32(I2‘I3)=0 T
Mesh=3| Ry, (l;-1,)+ Ry3(13-1;) + Ry ;=0

Extra Equation [,— [, =2 Amp
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Circuit Analysis

Supernode

Net current flowing through any cross- This part (Part-2) may be regarded as a
section in a circuit is zero node; “supernode”

X1=0

|I=

This cross-section line may be drawn
arbitrarily passing through in any path

The above rule is actually nothing, but
Kirchoff’s Current Law (KCL)
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Circuit Analysis

The Principle of Superposition

Kill all the sources except one,

Solve the resulting circuit,

Restore back the killed source,

Kill another source,

Repeate this procedure for all sources,
Sum up all the solutions found

o — .
o =1 yims
\
| ;
l L1y ] %l I, gf l,
-— — |
K B
< &
<i I7<—
T —Y
|1—> |1—> +|Ys2
l,—> ls — |,
A \ M- —
@ E
L el
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O Circuit Analysis

Example

Find the current |, flowing in resistance

R, in the following circuit by using the
Principle of Superposition R,

MW
R, |

O

1O RO .

Sum up the resulting currents algebraically
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O Circuit Analysis

Star - Delta Conversion

Rba:(RaRb-l_Rb RC+RC Ra)/Rc
A set of star connected resistancescan | R,.= (R, R, + R, R.+R. R,) /R,
Rcb:(RaRb+Rb Rc+RcRa)/Ra

be converted to a delta connection as
shown on the RHS

C
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O Circuit Analysis

Star - Delta Conversion

In case that the resistances are identical, Simplification

the delta connection can further be
simplified as shown on the RHS RERAFRAFRANIR, =3R,

Please note that the neutral
node is eliminated by the conversion

c
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Circuit Analysis

Delta - Star Conversion

Ra: Rba Rac/(Rba+ Rac + Rcb)

A set of delta — connected resistances R, =R, Rpa/ (Rpa + Ry + Ry )
can be converted to a star connection _

R.=R,.R../(R,,+R,. + R
as shown on the RHS e = Rac Rop / (Rpa * Rac + Rop )

c ’ Cc
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Circuit Analysis

Delta - Star Conversion
In case that the resistances are Simplification
identical, the equivalent star connection
can further be simplified to the form
shown on the RHSp Ry =R T(Ra+ Ry +Ry) =Ry 13
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