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ELECTRICAL CIRCUITS
BACHELOR 2 - COURSES

© COURSE 1: ELECTRICAL CIRCUITS | (EC 1)

» DIRECT CURRENT (DC) CIRCUITS ANALYSIS o 9 >

Direct Current

Battery 12V, 24V...
Solar Module convert light energy to DC current..
Operation — Amplifier...

Zero Groseing

® COURSE 2: ELECTRICAL CIRCUITS 1l (EC 1) £

» ALTERNATING CURRENT (AC) CIRCUITS ANALYSIS

Alternating Current

220V/ 50Hz, one phase
380V/50Hz, three-phase



FIRST SEMESTER: EC | - COURSE OUTLINE

MODULE 1: INTRODUCTION

* Basic concept & quantities - Dr. Hoang Trung Kien
e Circuit elements —> Dr. Nguyen Xuan Truong
* Basic laws in resistive circuit > Dr. Nguyen Xuan Truong

MODULE 2: DIRECT CURRENT CIRCUITS ANALYSIS

* Introduction —> Dr. Nguyen Xuan Truong
* Nodal & Loop analysis —> Dr. Nguyen Xuan Truong
* Matlab DC analysis & Summary = Dr. Nguyen Xuan Truong

MODULE 3: NETWORK THEOREMS
* The concepts of linearity and equivalence > Dr. Nguyen Xuan Truong

* Thevenin’s and Norton’s theorems - Dr. Nguyen Xuan Truong

e Max Power transfert & Summary —> Dr. Nguyen Xuan Truong
MODULE 4: OPERATIONAL AMPLIFIER

* Introduction - Dr. Nguyen Xuan Truong

* Op-Amp operation & Applications —> Dr. Nguyen Xuan Truong

e Circuit analysis & Summary —> Dr. Nguyen Xuan Truong

MODULE 5: FIRST AND SECOND ORDER TRANSIENT CIRCUITS
* Introduction: steady-state & transient regimes -2 Dr. Nguyen Xuan Truong
* First and Secon-Order transient circuits —> Dr. Nguyen Xuan Truong
* Matlab for DC transient analysis & Summary - Dr. Nguyen Xuan Truong



LECTURE SCHEDULE

2 MODULE 1: INTRODUCTION 3-Hours Lect

u PRACTICAL: N°1 3-Hours Lab

u MODULE 2: DIRECT CURRENT CIRCUITS ANALYSIS 6-Hours Lect & 2-Hours Tutorial
V3 PRACTICAL: N°2 & 3 6-Hours Lab

ﬂ MODULE 3: NETWORK THEOREMS 6-Hours Lect & 2-Hours Tutorial
E MID-TERM EXAM 1.5-Hours

MODULE 4: OPERATIONAL AMPLIFIER 6-Hours Lect & 2-Hours Tutorial
m MODULE 5: FIRST AND SECOND ORDER TRANSIENT CIRCUITS  9-Hours Lect & 2-Hours Tutorial
Y PRACTICAL: N°4 3-Hours Lab

('l FINAL EXAM 2-Hours



MODULE 1 : INTRODUCTION - 3 HRS

© BASIC CONCEPTS AND QUANTITIES
Know the definitions of basic electrical T Ppr—
quantities: DC & AC voltage, DC & AC current, and AC & DC power Q D

Direct Current

Basic characteristics of sinusoidal functions (AC current, cosine
waveform, frequency, magnitude, AC power...), phasor

©® CIRCUIT ELEMENTS

l

| Voltage Sources I

Active element: Sources

Active element: voltage and current source (independent,

I Current Sources I
dependent) r |
Passive element: resistor, inductor, capacitor -

Measuring devices: Ohmmeter, Ammeter, Voltmeter

©® BASIC LAWS IN ELECTRIC CIRCUIT DIREC'[ lg:cl:J)F!HENT ALTEF!NAT(I'I:I\S)CUFIHENT

| =P

Ohm’s Law — |
K!rchhoff s Current Law mm) to solve electric circuits ;-IIE %
Kirchhoff’s Voltage Law

| — == | —p

5



MODULE 2: DC CIRCUIT ANALYSIS - 6 HRS

O INTRODUCTION — CIRCUIT ANALYSIS |

Circuit analysis: to derive the smallest set of simultaneous equations
(parameter: current, voltage) that completely define the operating
characteristics of a circuit

To calculate all currents and voltages in circuits that contain multiple
nodes and loops

» Apply: Ohm’s Law & Kirchhoff’s Laws

©® NODAL ANALYSIS TECHNIQUE

Based: Kirchhoff’s Current Law (KCL) to find all circuit variables 1 ka2
General procedure: use of node voltages in circuit analysis as key solutions.

1 kil

© LOOP ANALYSIS TECHNIQUE

2 ki1 1 kil

Based: Kirchhoff’s Voltage Law (KVL) to find all circuit variables _ L
General procedure: use of loop currents in circuit analysis as key solutions.




MODULE 3: NETWORK THEOREMS - 6 HRS

O INTRODUCTION — NETWORK

A large »
complex circuits .
u
o

Concepts of linearity and equivalence

Circuit Theorems

© SUPERPOSITION, THEVENIN & NORTON THEOREMS P itinearty  »Supsrpoaion. }
-source transformation - max. power transfer
How to analyze electric circuits using the principle of
superposition ~ i A
Calculate a Thévenin equivalent circuit for a linear circuit Circuit y il
A v,
: ; B
Calculate a Norton equivalent circuit for a linear circuit Hna )
B
When and how to use a source transformation
Network of ;
So L
© MAXIMUM POWER TRANSFERT b
Resistors % R
Use the maximum power transfer theorem :

Find the maximum power delivered to the load R, in the given circuit !!!



MODULE 4: OPERATIONAL AMPLIFIER- 6 HRS

O OP-AMP DEVICES

Model the op-amp device; analysing a variety of circuits that
employ op-amps
Amplifier impedance
Ideal Op-Amp Circuit
Negative Feedback

+NON-INVERTING
INVERTING

©® OP-AMP OPERATION

How to analyze a variety of circuits that employ
op-amps

© POPULAR OP-AMP CIRCUITS

Op amp circuit 1: Voltage follower

Op amp circuit 2: Inverting and Non-Inverting Amplifier
Op amp circuit 3: Summing Amplifier

Op amp circuit 5: Differential Amplifier (subtractor) 8



MODULE 5: FIRST & SECOND-ORDER TRANSIENT

O INTRODUCTION R
=Vs + R
Description of the behavior of a circuit as a function of C"‘|“ R
time after a sudden change in the network occurs due '
to switches opening or closing P

i Charge £
] time |

Presence of one or more storage elements, the circuit
response to a sudden change: transition period prior 2 a
steady-state

» Transient Circuit Analysis: natural response and step response
vl tn)

w(t) it} R iy
© FIRST-ORDER (RC, RL) CIRCUITS iz(t) - p
e Characterized by a first- order differential equation. ‘j“() 3 A b b
+ Resistive capacitive, called RC -

+ Resistive inductive, called RL
© SECOND-ORDER (RLC) CIRCUITS el
e Characterized by a second-order differential equation.

+ Series RLC circuits
+ Parallel RLC circuits




ASSESSMENT/EVALUATION

| Percentage | ________Type

10%

m 20% Group report & presentation
m 20% Written exam
m 50% Written exam

© MID-TERM WRITTEN EXAM ® FINAL WRITTEN EXAM
+ Open - book + Open - book
+ After finishing : module 1, module 2, module 3 + After finishing : module 1 — module 5; practical

work and have to pass the mid-term exam

©® PRACTICAL WORK

ltem| _______ Content | Hours | Ref./Resources Related Modules

APPLYING THE WHEATSTONE )
3 Wheatstone bridge - PHYWE Module 1
BRIDGE CIRCUIT

B3N AC TECHNOLOGY | 3 COM3LAB Course Module 1 & 2
EN DC TECHNOLOGY | COM3LAB Course Module 1 & 2
B DC TECHNOLOGY i 3 COM3LAB Course Module1,2&5

w



REFERENCE/ SOURCE/ COURSE MATERIAL

©® Course material

v’ Lecture notes Nguyen Xuan Truong,
https://moodle.usth.edu.vn/course/view.php?id=333#section-1

v" Textbook:

[1] J. David Irwin, R. Mark Nelms, “Basic Engineering Circuit Analysis”,
2008 John Wiley & Sons Inc.

[2] John O'Malley, “Schaum's Outline of Theory and Problems of Basic
Circuit Analysis”, Second edition, McGraw-Hill

11






MODULE 1 : INTRODUCTION - 3 HRS

© BASIC CONCEPTS AND QUANTITIES
Dr. HT Kien

©® CIRCUIT ELEMENTS

© BASIC LAWS IN ELECTRIC CIRCUIT

v" Resistive circuits

v' Ohm’s Law mmm) to solve: electric circuits
v" Kirchhoff’s Current Law

v’ Kirchhoff’s Voltage Law

Objectives:

* to learn about resistance and Ohm’s Law

* to learn how to apply Kirchhoff’s laws to resistive circuits

* to learn how to analyze single-loop and single node-pair circuits

» to learn how to analyze circuits with series and/or parallel connections

* tolearn how to analyze circuits that have wye or delta connections 1



MODULE 1 : INTRODUCTION - 3 HRS

Resistors
Resistive circuit: resistance concept

e Resistor: the ability of a material to resist the flow
charge is called its resistivity. It is represented by the
letter R

e Resistance: is an intrinsic property of matter and is a
measure of how much a device impedes the flow of
current, measured in Ohms (Q)

e The greater the resistance of an object, the smaller the
amount of current that will flow for a given applied
voltage.

e The resistance of an object depends on the material
used to construct the object (copper has less
resistance than plastic), the geometry of the object el
(size and shape), and the temperature of the object. Cange pesonal
(R=pL/A)

14



MODULE 1 : INTRODUCTION - 3 HRS

Resistive circuit: applications

* to minimize the resistance of an object (in a conductor, for instance).
* to maximize the resistance (in an insulator).
¢ to relate the resistance of the object to some physical parameter (such as a photoresistor or RTD).

e to precisely control the resistance of an element in order to influence the behavior of a circuit such
as an amplifier.

15



MODULE 1 : INTRODUCTION - 3 HRS

Resistance - characteristic

Several common parameters are used to characterize resistors:
e Ohmic value (nominal) measured in Ohms (€2),

e Maximum power rating measured in Watts (W), dissipates electrical energy (usually as heat)

e Precision (or tolerance) measured as a percentage of the Ohmic value.

16



MODULE 1 : INTRODUCTION - 3 HRS

Ohm’s Law

Ohm’s Law - describes the relationship between the current through and the voltage across a resistor.

Ohm’s law states that the voltage across a resistance is directly proportional to the current
flowing through it

v(t)=R*i(t), whereR 20
10 =1V/A

Different devices connected to a power source demand different amounts of power from that source.
That is, different devices present differing amounts of /oading.

1=0.5A 1=1A

2V = ew @ 12v = 12W &

17




MODULE 1 : INTRODUCTION - 3 HRS

Ohm’s Law — Mathematical Definition O R=V/I

v RZ[1 1=V
o | V=IR

e Rather than specify the load that a device represents in terms of its voltage/power rating, we
can specify that load in terms of its resistance.

e The smaller the resistance, the greater the load (the greater the power demand).

I =0.5A 1=1A

12v. — 6W (ﬁhzv

v
v

12W @‘)

R =12V/0.5A = 24Q) R=12V1A =12Q

18



MODULE 1 : INTRODUCTION - 3 HRS

Example

* How much current will a 12V/12W lamp demand if 6V is applied to it?
* How much power is demanded?

Solution:

»
!

A 12W/12V lamp will draw 1A of current: |
e P=VI=>12W=12V*|=|=1A 192V = 12\,\/% BV = 12W @
e V=|*R (Ohm'’s Law) = R =12V/1A=12Q 1
e Therefore, if V=6V =1=6V/1A=12Q
e P=6V *0.5A=3W=0.25* 12W.

Source 1 load Source 2 load

19



MODULE 1 : INTRODUCTION - 3 HRS

Short & Open Circuits
v
Vi R=V
o |
| =0A (example: air, plastic, wood) | =00 (wire)
= — v L oyl
12V .
Open Circuit, R= 0 Short Circuit, R =0
| = 0 regardless of the V = 0 regardless of the

value of V (NO LOAD) value of |

20



MODULE 1 : INTRODUCTION - 3 HRS

Ohm’s Law — Voltage Polarity & Current Direction

e Ohms’ law relates the magnitude of the voltage with the magnitude of the current AND

e The polarity of the voltage to the direction of the curre *;3 —
+ 5 5
I=V/R p=ti p=-vi
R § V 3A A
P=axy =1z W o i - &
e Resistors always absorb power, so resistor | o e Lacng
current always flows through a voltage drop. L -

P == 3%t =-AL 4V [} 4V [j| fl;_}*‘-f:‘?ZN

. 2 Supplying pomer

21



MODULE 1 : INTRODUCTION - 3 HRS

Ohm’s Law - Graphically

+ 5
v  Ri I1=VR
- e
e Ohms’ Law can be represented graphically — called a VI
characteristic:
Ideal resistor, VI characteristic VvV 1t
7’
’
’
Slope = AV/Al =R
|
s
s
s

22



MODULE 1 : INTRODUCTION - 3 HRS

Non-ideal Resistors

Open circuit, slope = (I =0)

o

Short circuit, slope=0 (V=0)

max

3

v

max

\ 4

Practical resistor VI characteristic

23




MODULE 1 : INTRODUCTION - 3 HRS

Conductance

* Resistance is a measure of how much a device impedes the flow of current. Conductance is a measure of
how little a device impedes the flow of current.

* Resistance and conductance are simply two different ways to describe the voltage-current characteristic
of a device.

* At times, especially in electronic circuits, it is advantageous to work in terms of conductance rather than

resistance
P=VI;P=V2/R;P=1I?R
Resistance: .

P = VI (any device) Conductance:

AT for a resistor:

Vv § R=V/I, P =V*(V/R) = V?/R + G=1/V,

- Q (ohms) Or v § S (siemens)
P=(IR)*I=I°R o

(G=1/R =R

24



MODULE 1 : INTRODUCTION - 3 HRS

Kirchhoff’s Laws Concept: Node, Branch and Loop
* Basic concept T ? T
e Kirchhoff’s Current Law (KCL)
e Kirchhoff’s Voltage Law (KVL) VT

* Branch: (b) represents a single element such as a voltage source or a resistor; any two-terminal element
Branches: AF, AB, BE, BC, CD
* Node: (n) is the point of connection between two or more branches.
Nodes: A, B, Cand E
If a short circuit (a connecting wire) connects two nodes, the two nodes constitute a single node.
* Loop: (I) is any closed path in a circuit. A closed path is formed by starting at a node, passing through a set of nodes
and return.
Paths ABEFA, BCDEB And ABCDEFA are loops
 Mesh: aloop that contains no other loop = a loop is said to be independent. Independent loops or paths result in
independent sets of equations
* A network with (b) branches, (n) nodes, and () or (m) independent loops will satisfy the fundamental theorem of
network topology: b =1+ n -1.

25



MODULE 1 : INTRODUCTION - 3 HRS

Kirchhoff’s Current law (KCL)

e KCLis based on the law of conservation of charge

* The algebraic sum of all currents at any node in a circuit is
exactly zero.

* The sum of all currents entering = sum of all currents leaving

Il+[2+13+]4=0

* We neither gain nor lose current at a node.

2] "
Kirchhoff’s Voltage law (KVL) ] —
* KVLis based on the law of conservation of energy EI O mV ET O O TEZ
* The algebraic sum of all voltages about any loop in a circuit is — —
exaCtly Zero. E+V+I;3+V=0 E—V—Z?Z+V=O
* The sum of all increases (rises) = sum of all voltage decreases L
VWA YWWA
(drops) vV, vy — v, v =0
* We do not gain or lose voltage if we start and end at the same = %
node. —

Current direction 26

_Z/5+



MODULE 1 : INTRODUCTION - 3 HRS

Problems

Find 1, in the network in Fig. P2.10.
bl Find 7, in the network in Fig. P2.14.

# } L a3 O i O
I i ama |12 R

Find [, in the circuit in Fig. P2.13.

A

30 5Q

I — ,l —
4 ma 20 =30V =20V
y YW
) 100 V= 10Q 24
() C‘)mm = al+
- e
2mA |

Calculate l and V,,

27



MODULE 1 : INTRODUCTION - 3 HRS

Series Resistance connection

Series connection (all elements have the same current)

d
.

The equivalent resistance of

R, = R4 » Rab § two or more series-
connected resistors is the

b. E? E? E, sum of the individual
resistors.
a R1 R2 R3 ! .
L ATAYAY ATAYAY > ATATAY -
= | L
= Vab R4 » =V, R,
—b. ATAYAY ATAYAN Py
R6 R5
Vab =1x Rab
By KCL: lpy = lgy = ... = I = |

By KVL: V,, = I*R1+ I*R2+ [*R3+ I*R4+ [*R5+ |*R6
V,/1=(R1+R2+R3+R4+R5+R6)=R,, 28



MODULE 1 : INTRODUCTION - 3 HRS

Parallel Resistance
Parallel connection (all the elements have the same voltage)

T 4 s+ o+ [
ol ' "
=k : R2§ R3§ R4§ : RS gv”‘be o
S S—— e
by KCL:

Rab = [Rl_l + R2’1 + R3'1 + R4-1 + R4_1 ]_1

I=11+12+13+14+15 Since G = 1/R = R

|=V,/R1+V,/R2+V,/R3+ V, /R4 +V,/R5 .
| =V, [R11+R21+R31+R41+R51] R,, = [G1 + G2 + G3 + G4 + G5]

V. /Il =[R1?+R21+R31+R41+R51]? G,,=Gl+G2+G3+G4+G5

29



MODULE 1 : INTRODUCTION - 3 HRS

The Voltage Divider Rule (VDR)

The total voltage applied to a group of series-connected resistors will be divided among the

resistors. The fraction of the total voltage across any single resistor depends on what fraction that
resistor is of the total resistance.

v

a R1 | R2 R3
AYAVaY AVAVAY AYAVAY
B +
~ Vab R4 = VY,
. Y P -
b R6 R5

Rioar= Ry, =R1+R2+R3+R4+R5+R6

| R N—
Y R1+R2+R3+ R4+ R5+R6

30



‘b , ' I T, MODULE 1 : INTRODUCTION - 3 HRS

The Current Divider Rule (CDR)

The total current applied to a group of resistors connected in parallel will be divided among the

resistors. The fraction of the total current through any single resistor depends on what fraction that
resistor is of the total conductance.

For example, two resistors:

ITotal
» » liotal = 11 + 15
—
Vab ‘ * [1 = ]Total ‘:R—2:|
R1 R2§ R R4 R5§ | R+ R2
— | R2 I
— l l l l l > R1 l ! gl ’ I me{ RI }
‘ R1+R2
L L L [ &
Grora = R1IT+R21+R31+R41+R51 Observations:

e The smaller resistor will have the larger current.

15 :]Total |:G—:| :[Total |:R11 LR+ R34+ R4 +R51:| o |f Rl = nRZ, then |2 = nll

Total

31



MODULE 2: DC CIRCUIT ANALYSIS - 6 HRS

Objectives:
e to learn how to calculate all currents and voltages in circuits that contain multiple nodes and loops

e tolearn how to employ Kirchhoff’s current law (KCL) to perform a nodal analysis to determine all the
node voltages in a circuit

e tolearn how to employ Kirchhoff’s voltage law (KVL) to perform a loop analysis to determine all the loop
currents in a network

© INTRODUCTION - CIRCUIT ANALYSIS

Circuit analysis: to derive the smallest set of simultaneous equations (parameter: current, voltage) that completely
define the operating characteristics of a circuit

To calculate all currents and voltages in circuits that contain multiple nodes and loops

» Apply: Ohm’s Law & Kirchhoff’s Laws

32



’ ﬂ \ MODULE 2: DC CIRCUIT ANALYSIS — 6 HRS

©® NODAL ANALYSIS TECHNIQUE

e Concept:

- Approach of Kirchhoff’s Current Law (KCL) to find all circuit variables without having to sacrifice any of the
elements.

- General procedure which is making use of node voltages in circuit analysis as key solutions.
e Importance terms

Node Voltage: Potential difference between a marked node and the selected reference node.

/AR
Element Voltage: Potential difference across any element or branch in the circuit. V
s2
When Node Voltage = Element Voltage? Y % V, R Vs
1
e Why use Node Voltage?

s1

—> Further reduce the number of equations to be solved simultaneously.

- N° of independent equations = N° of the marked nodes exclusive of the reference node.

- Element voltages and currents can be obtained in few steps using the solved node voltages. Reference

33



2)
3)

4)
5)
6)

7)
8)

MODULE 2: DC CIRCUIT ANALYSIS — 6 HRS

NODAL ANALYSIS TECHNIQUE -> STEP ?

Clearly label all circuit parameters and distinguish the unknown
parameters from the known.

Identify all nodes of the circuit

Select a node as the reference node also called the ground and assign to
it a potential of 0 Volts. All other voltages in the circuit are measured
with respect to the reference node.

Label the voltages at all other nodes.

Assign and label polarities.

Apply KCL at each non-reference nodes and express the branch currents
in terms of the node voltages.

Solve the resulting simultaneous equations for the node voltages.

Now that the node voltages are known, the branch currents may be
obtained from Ohm’s law.

R,

>

|s2

Szt

|s1

\E

»2 Ve
j& §R4
'\

Reference

34



MODULE 2: DC CIRCUIT ANALYSIS — 6 HRS

® NODAL ANALYSIS TECHNIQUE —> STEP ?

Example 1:

Applying Nodal analysis on simple circuit, find the power dissipated by the
R,=10kQ resistor, |, = 3mA; R,=10kQ; R,=5k Q; R;=4k Q; R,=2k Q

Solution:
—> Mark all essential nodes Assuming — current direction  Reference: zero volt
- Assign unknown node voltages lers ro; Toss lra 3 mA
- Indicate the reference node @
-> Identify all polarities
—> Perform KCL at each marked non-reference nodes using Ohm’s law to formulate y 10k V, sko_ |
the equations in terms of the node voltages. > The node voltages: () AL i BAAS 3
== — . J
e KCLat?: 1,+1,-07" V, = 60.55 [V]; 2m (1) S 4k l 20
R, V, =10.55 [V];
- V,=-1.27 [V]
V,—0 Vo—Vs WV, -V, 3 1
e KCLat/V;: 2R3 s ZRZ St () » - The element voltage: -
' Vs=0 _ V-V, R B 2 Positive sign = absorbed
o KCLatV,: I,+ = == 3) P, = (V1-v2) _(60.55-10.55) _ 0257 < bt

R1 10



MODULE 2: DC CIRCUIT ANALYSIS - 6 HRS

® NODAL ANALYSIS TECHNIQUE - STEP?

Problems:
Calculate the node voltages and the power Determine the node voltages using nodal analysis technique
dissipated in each resistors, (can use Matlab for solving characteristic’s equation)
in the circuit below And power supplied by current sources
S :

VWAA <

S Rs

Vi —> I\N\I i_-!. L1e)
U] 4 — & + YWW—— 13
50 S % l 7 R, !
[

= R = Ry=2KIL Ry = Ry = 4kSL R, = 1 ki), i, = 4mA, and {, = 2mA,

36



MODULE 2: DC CIRCUIT ANALYSIS — 6 HRS

® NODAL ANALYSIS TECHNIQUE —> STEP ?

APPLYING NODAL ANALYSIS ON CIRCUIT WITH VOLTAGE SOURCES

e (Case 1: Voltage source between two non-reference essential nodes

2
¢
\)?g?ﬁ v
5 Supernode Equation: VS = Vl — V2
Nonreference Nonreference
essenalnode  V/ V,  essential node
10V
Example 1: @
* Find the power of the 10-V voltage
source? 40 Q 5 Q)
* Isit supplying energy to the circuit or
. Lo
absorbing energy from the circuit 50 O 80O (‘) 3 A
* Show your work according to the nodal 250
analysis procedure.




MODULE 2: DC CIRCUIT ANALYSIS — 6 HRS

Nonreference Nonreference )
3 = — 50 Q 8Q A
essential node V, V2 essential node mp  Supernode Equation: Vs Vl Vz % 250 % C) 3A

Solution:

1) Mark essential nodes and assign unknown node voltages
and indicate the reference node

2) Perform KCL at each marked non-reference nodes using
Ohm’s law to formulate the equations in terms of node

voltages.
At Node V1 At Node V2: Super-Node Equation
h=-n_;.h 3pi=l2 ah Vi-v,=10
40 80 8 40 o o
Finding current through the voltage source negative sign - Delivering energy/

v, =3091 power

» ! i =-0.636[A] -vi_. " T
Vv, =20.91 40 80 P, age source =1V =(=0.636)*10 =— 6.36 [ V]

38



MODULE 2: DC CIRCUIT ANALYSIS — 6 HRS

® NODAL ANALYSIS TECHNIQUE —> STEP ?

Case 2: Voltage source between a reference essential node and a non-reference essential node.

VWA * VW —r—e
6 k() 12 k()
Nonreference Reference 4
essential node 0V essential node TENRE g 6 k() i 6V
B Known node voltage: V1 =V R s
* Case 3: Voltage source between an essential node and a non-essential node.
1 kQ)
N VA
/VO//{YO’VO
Vv PN
Nonreference - é\ﬁﬂflg gf"'?%“@
onre O, .
essential node Vv, >—@—f~9§¢ngogOosff 1 kQ) 2 kQ) 0
S S/ & VAN 2 v —>—e
Non-essential
node
Node voltage at 4 mA T (E)GV l 2 mA
ode voltage a _ _
> non-essential node: Va - Vl V;
39




MODULE 2: DC CIRCUIT ANALYSIS — 6 HRS

® NODAL ANALYSIS TECHNIQUE —> STEP ?

8 mA
N
Example 2: /
. 4kQ 15V 4 kQ
* Voltage source between an essential node and a non- AAA @

essential node

* Find the current through the 10 kQ resistor. Show your work 1kQ2 §

according to the nodal analysis procedure 25V

— O—W—
2

AMA

5

Solution:

P

1) Mark essential nodes and assign unknown node voltages BmA

and indicate the reference node. @

T 4 4k 15V V. 4 kQ

2) For voljcage sources, |nd|catfe the node voltages at both Vv, c 2 Pyl 1

ends with respect to the assigned unknown node voltages | v7i VO15 : |

. = +
at the essential nodes * i )
1kQ § ey 3 5K

3) Perform KCL at each marked non-reference nodes using 25V

Ohm’s law to formulate the equations in terms of node

voltages J_ 40



MODULE 2: DC CIRCUIT ANALYSIS — 6 HRS

® NODAL ANALYSIS TECHNIQUE —> STEP ?

Example 2:

* Voltage source between an essential node and a non-
essential node

* Find the current through the 10 kQ2 resistor. Show your work
according to the nodal analysis procedure

At Node V1: o vV,
ARARARD)

1k 4k
= 5V, -V, =17 =

+8mA=0

At Node V2 At Node V3
Rt — A1) 18 ey B BV b ST = - 1T = 1518
10k A% %k Sk 4k

= —10V, + 18V, —10V, = —250 = 5V, +9¥, =160
41



MODULE 2: DC CIRCUIT ANALYSIS - 6 HRS

® NODAL ANALYSIS TECHNIQUE -> STEP?
e Case 4: Circuit with dependent sources
v" Current - Controlled Current sources @“x
v’ Voltage - Controlled Current sources <> by
v’ Current - Controlled Voltage sources m@
v’ Voltage - Controlled Voltage sources vxé

Example 3: Let us determine the node voltages for this network,
- V1—» A B=2 R;=12kQ
R R,= 6 kQ Ry=3kQ
% R
I
T

<D . o Quem

Solution for example 3:

At node
; Y b T Y
i et = 2=
R, R,
At node v,
2 My =0
——al =y =
R’) ‘ A

where i, = ¥,/R;.

=21 =8 _12
Vl_—5v I2’5|<A V2’5V

W

6 kO

8 10
2, = = A <l> %121«1 3kO Q W a
L=2A { I=24A
1
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® NODAL ANALYSIS TECHNIQUE -> STEP?
e Case 4: Circuit with dependent sources
v" Current - Controlled Current sources @tﬂx
v’ Voltage - Controlled Current sources <> APy
v’ Current - Controlled Voltage sources ux¢

v’ Voltage - Controlled Voltage sources V‘té
Example 4: Let us determine the node voltages for this network, Example 5: Determine the voltage V,,
Qi’q =12 Ri=1kQ 1kQ
NS Y
i R,=2kQ R;=2kQ
4 Iy
'UI' — Cy) 4—: Uy — V3 o R,=4 kQ v,=12V Vv, Iy 1’\:3 Vv, /_% \'A
| R TR | o ma ) | | v 1 +
A= 4 m » v,=16V
2 : j + . ,
R"g 1 ox R“% 'B CT) =4 mA v;=16 V C_ 12V s 1 k() é 1 k1 Vo
| _

L 43
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® NODAL ANALYSIS TECHNIQUE - STEP?

e Case 4: Circuit with dependent sources

v" Current - Controlled Current sources @41\-

3V
v Voltage - Controlled Current sources by R
¢ R 4\ =
v S N \
Current - Controlled Voltage sources ki, N TR v L

v’ Voltage - Controlled Voltage sources

N
= ;
D ..\<
VWV <
é
o [}
e}
2% o
- XA +
(o0}
-0
O
R
< NAMONM

Example 6: Use the node-voltage method to find both dependent terms

3V I, V. of the dependent sources of the circuit

Solution: L

v' Mark essential nodes and assign unknown node voltages and indicate the
+ -D 2V reference node
i

v Perform KCL at each marked non-reference nodes using Ohm’s law to
formulate the equations in terms of node voltages

o

13
o

4

44




MODULE 2: DC CIRCUIT ANALYSIS - 6 HRS

©® NODAL ANALYSIS TECHNIQUE - STEP ? 3V
£>
e Case 4: Circuit with dependent sources N l
101, 8Q
v' Current - Controlled Current sources @“x —<> <_l —— AW |
v’ Voltage - Controlled Current sources <> by ¥ C) 12V
100 § 20 g5
v’ Current - Controlled Voltage sources m@ ' :
v’ Voltage - Controlled Voltage sources vjé
3V
Example 6: I T
? V‘(\O@ 4\ KCL at Node V, Super-node equation Constraint equation
Solution: /" | <% N e \
CTS W v a2 K K2 W=V 4V, =V, +12 v -V
Vﬁ_<> Mé)% 27 8 ' b e
pd
+ =
P = -V, +3V, =12
109; 20 3 < () 12v & 57, +80;, =12 D -V +30,
' 1 0> io=V2“2—1V—(1)+10i0:>720i0—8V1 +10V, =120

1 D V,=—651;V,=183;i, =—0.264 .
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©® NODAL ANALYSIS TECHNIQUE

* Problem N°1 * Problem N°2
Find |, in the circuit using nodal analysis. Find |, in the circuit using nodal analysis.
1‘&1 I, 1k 1kQ [

1k 2k I, A

* Problem N°4

° (o]
Problem N°3 Use nodal analysis to find V, in the circuit

Calculate the power supplied by the 2-mA current source

12V
el S M LR
A o

6 ki2 4 kQ < ;
W ———— MW <l> 41y ViS1kQ S 1k 2mA 2 1”_1—<_
C_r) 12V 2mA C;) 24V _ s

R 46
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©® MESH/ LOOP ANALYSIS TECHNIQUE

e Concept:

- Approach of Kirchhoff’s Voltage Law (KVL) to find all circuit variables without having to sacrifice any of the elements.

- General procedure which is making use of Loop/Mesh currents in circuit analysis as key solutions.

e Importance terms

@

Mesh/Loop Current: Assigned unknown current flows around the perimeter of the me ir(f) i3(f)
Element Current: : Actual current through any element or branch in the circuit. iy (1) (D Q gR ig(t) gRa
When Mesh Current = Element Current? ® :4{r) 18-_\:5{;) @
e Why use Loop/ Mesh Current? va(t)
—> Further reduce the number of equations to be solved simultaneously. RJ% @ ( @ ER';

fﬁ(.“} fj(.“) ."3{!)
- N° of independent equations = N° of the marked loop/ mesh. (;j)

- Element voltages and currents can be obtained in few steps using the solved loop/ mesh current.
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©® MESH/ LOOP ANALYSIS TECHNIQUE
@

(1) i3(1)

1. Clearly label all circuit parameters and distinguish
iy(1) (D Q sR @ gRﬂ the unknown parameters from the known.
v1(1)

Six - Steps

i7(t) = ic(t

ig(1) = —ip(r) « — LoopD

ip(t) «——— Branchy,
48

f4( N@® i) 2. Identify all meshes/Loops of the circuit.
@ =
v(f) 3. Assign mesh/Loop currents and label polarities.
R f) . R5
43 @ ( _ @ 3 ) 4. Apply KVL at each mesh/Loop and express the
(1)} | i7(1) ig(1) voltages in terms of the mesh currents.
© Loob A 5. Solve the resulting simultaneous equations for the
i(1) = is(1) P mesh/Loop currents.
ir(t) = iy(t) — ig(t) «—— BranchR;
6. Now that the mesh/Loop currents are known, the
i3(1) = iglt) «—— LoopB ) ,
voltages may be obtained from Ohm’s law.
is(t) = is(r) —ic(t) «——— BranchR,
is(t) = ig(t) — ip(t) «<——— Branchv,
is(t) = —ic(r) «——— LoopC
)
(



©® MESH/ LOOP ANALYSIS TECHNIQUE

Example 1: calculate the current through resistors using loop analysis technuque

4 k(1
VA

6 ki)
+—O) A

6V

lelg % <12k

3 kil

Solution:

v’ Assign mesh currents and label polarities

|
C sm
_@ |
lrs v R
% C 312&11
3 kil

/=]
g
VIAA
—
o
<
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v Apply KVL at each mesh/loop and express the voltages in

terms of the mesh currents.

Three-mesh equations (KVL) in this case:

KVL - Mesh 1 with mesh current |,
R1 4/
AL +6(,-1)+6=0

Mesh 2 with mesth current |,

9, +3(l,—-13)-6=0
Mesh 3 with I,

-6(1, —15) + 121, -3 (I, —15) =0

and then
l, =-0.6757 mA
l, = 0.4685 mA

l;=-0.1261 mA

IR4
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©® MESH/ LOOP ANALYSIS TECHNIQUE
APPLYING MESH/ LOOP ANALYSIS ON CIRCUIT WITH CURRENT SOURCES

e Case 1: Current source located at the outer most boundary

R1
MN
R, @ Ry o Connecting mesh current immediately known (I, = -1,)
M AN
o No need to apply KVL around that loop/mesh.
I | 12v/| |
SO ’ § Re o Mesh Current = Element Current = Current Source Value

Example 1: Let us find both J/,and V] in the circuit in this circuit:

v = Solution:
WAy T ’ O
4k0) J ~ + Although it appears that there are 02-unknown mesh/loop currents, the
2mACT> (’.? (f_z\ 6 ki1 v, current goes directly through the current source and, therefore, is
bl £ g _ constrained to be I =2 mA
1
O

< Hence, only the current is unknown = KVL for the right-loop I, 50
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© LOOP ANALYSIS TECHNIQUE

APPLYING LOOP ANALYSIS ON CIRCUIT WITH CURRENT SOURCES

e Case 1: Current source located at the outer most boundary

Example 1: Let us find both 7;and ¥]in the circuit in this circuit:

]’:} E ﬁ{\ : . Solution:
4 k0 p— | A I,=2mA

2 mA (D @ ET @ é 6 kil V, Only the current /, is unknown parameter.
2 ki) KVL for the right- mesh I, is: 2%, -1)-24+6*1, =0

I, = 3/4 m4 Vy=1,%6=9/2[V]

&

Q

il

To obtain (voltage cross the current source),
we apply KVL around any closed path.
Vi—4*[-24+6*1, =0 <~
Example: for loop contain mesh 1 & 2
V,=21/2[V]
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© LOOP ANALYSIS TECHNIQUE

APPLYING MESH ANALYSIS ON CIRCUIT WITH CURRENT SOURCES

* (Case 2: Current source located at the boundary between 2 - meshes

Example 2:

R1
Wy o Enclose the current source and combine the two loops to form a SUPER-
@ MESH.
R, R,
MN WV o KVL is performed around the super-mesh; do not consider voltage across

current source.
A I2 |3 R
12V \o § 4 . . . .
- 3mA o Formulate simultaneous mesh equation — express the relationship between
mesh currents that form the s/mesh and current source that it encloses

KVL for mesh (l,):
R*IL+(,-1,)*R,+(I,-1,)*R, =0

Solution:
Super-Mesh equation [;—-1, =1,
KVL for mesh (1, and 1,):
124+, -1)*R,+(,-1)*R,+,*R, =0 52
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©® MESH/ LOOP ANALYSIS TECHNIQUE

Example 3: Example 4: Example 5:
Find the branch currents I, I, Let us find |, in the circuit Let us find V,, V, in the circuit
and |, using mesh analysis Calculate the power supplied by sources
' Calculate the power dissipated by resistors
1 I
o — 58 BV 3 k0 4k
ANV MWW 1 ki) VAN 6 VAL
¢ s Q WA — -
G S — Case 2 !
ase < =
2kQS 4kQ 12v
§ e 1 ki) S, i <+
=k Y,

53
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O SUMMARY
A. BASIC CONCEPTS

> What is an Electric Circuit ? is an interconnection of electrical components; simple & complex circuits

» Basic electrical quantities an Electric Circuit ? Current (A); Voltage (V); Power (W)

» Electric Circuit Type ? > Direct current (DC); Alternating current (AC)

'y 106 L Lightning boit
Lightning bolt G . -
104 10 High-voitage transmission lines
Large industrial motor current bt o il e
102 _ . L Large industrial motors
—_ Typical household appliance current ac outlet piug in U.S. households
. < 400 < 102
! & Causes ventricular fibrillation in humans 2z Car battery
‘gg'_ 10-2 8 0 Voltage on integrated circuits
. ey s g Human threshold of sensation g 1P Flashlight battery
remains constant with time s 104 £
E 102
= 10-6 % Voltage across human chest produced by the
' E Integrated circuit (IC) memory cell current 2 104 PERIEERO)
O 1078 Voltage between two points on human scalp (EEG)
106
/\ 1p-10 Antenna of a radio receiver
\/ ' t' 1p-12 1p—8
Synaptic current (brain cell)

1014 10-10
varies sinusoidally with time Current Magnitude Voltage Magnitude 54
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O SUMMARY
Passive components or passive elements

A. BASIC CONCEPTS Components or elements that absorb or store power
/ Passive: resistors, capacitors, and inductors

» Electric Circuit Components ?

Active components or active elements
Components that are not passive! that is, components that deliver power

Active: current/ voltage sources

Active element: Sources
» Electric Circuit Sources ?

A y

Independent Sources Dependent Sources
Voltage Sources Current Sources Voltage Sources Current Sources
—0 —0 ——O —O —O0
+
16) V= i v & i}
—0 ——oO —0 —0 —0
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O SUMMARY

A. BASIC CONCEPTS

» Electric Circuit Components ? = Passive: resistors, capacitors, and inductors

Resistor = Resistance (Q)

Cross-sectional

Material with
resistivity p
area A

L
R=p=
P4

v(t)=Ri(f) Ohm'’s Law

Instantaneous power
dissipated in a resistor

()= v(D)i(t) = "1’) — RE(1)

o—

MODULE 1 & 2: TUTORIAL - 3 HRS

Capacitor - Capacitance (F)

= — t — IV _ T2 %
d ==
Vc(t)—%j'dt = *%

Instantaneous power stored in the

. _dq

L i

d
- : T
= 4 a v(1)
Dielectric
O

q(?) =

capacitor

dv(t)

p(t)=C——=*v(1)

dv
dt

Inductor = Inductance (H)

() _do , di

1) =
nO== ==

Instantaneous power stored in the
Inductor

p() =v()*i(t) = L* l(f)

56
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O SUMMARY Ohm’s Law » To analyze single-loop and single node-pair circuits
To analyze simple circuit 2 solve characteristic equation
B. BASIC LAWS <E Kirchhoff’s Current Law

Kirchhoff’s Voltage Law

Georg Simon Ohm Gustav Kirchhoff

» to calculate all currents and voltages in

circuits that contain multiple nodes and loops

C. CIRCUIT ANALYSIS Nodal Analysis (node voltage; KCL)
TECHNIQUES

Mesh Analysis (mesh current; KVL)

A circuit with fewer nodes than meshes is better analyzed using nodal analysis, while a circuit with fewer meshes than
nodes is better analyzed using mesh analysis.

Three techniques for solving linearly independent simultaneous equations:

> Gaussian elimination

» Matrix analysis

» MATLAB mathematical software package = see Module 3 (Tutorial) 57
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O PROBLEMS R,
PROBLEM N°1 JW
Consider the circuit shown in Figure 1 R1 R2 R,
a) Write the nodal equations describing the circuit. IC’D éRﬁ
S
b) Determine the branch currents by nodal voltages.
) y g Vg Vo Vg,
¢) Write loop equations describing the| circuit.

d) Determine the branch currents by loop currents. Figure ]
(final exam, 2015)

e) Give Vsl = 100V, Vs2 =80V, Vs3 =24V, [s=4A, RI=5Q,R2=15Q,R3=4Q R4=8Q,
R5 = 6 Q. Determine the voltages across R3, R4 and RS.

1,

SOLUTION N°1
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© PROBLEMS R,

SOLUTION N°1 A W
R R
Note that: {b . R2 8

I
Vo=V sVy ==V s V. =Vs3 5 Vsl >

a) Write the nodal equations describing the circuit

b) Determine the branch currents by nodal voltages. ‘

Mark essential nodes and assign unknown node voltages ) ;V;; reference node.

Ohm’s law: — : 1 T 1
Nodal Equations, apply KCL: Rl I RQ i

- At node 1: ag | b +) %Rs
Tpy +1py =gy =0, VSI ;2 s| ii
Va—N _|__VL_V52 - n-n

R R, R,

59



MODULE 1 & 2: TUTORIAL - 3 HRS

© PROBLEMS RM
SOLUTION N°1 )
R R
Note that: {b . % 3 <+>
I
V =V V. ==V, V. =V S
a S1°7b s29%¢ S3 9 Vsl V82 VS3
- At node 1: -
nlo ) 1 1 1 1 1 Flgurel
D b b B B =Y s
R R, R, R, R, R,
40V, 15V, = 3040 (1) i 1
- At node 2: R, R,
Eo e o P 27 .
V ¢
BT By, TV o, a7 Vo

R, R R,
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O PROBLEMS R,
SOLUTION N°1 A M
R
Note that: {b . % Ry <+> %Rs
Vo=Vs i Vy==Vsy 3 V. = Vs \% VvV \Y s
sl s2 s3
- At node 2: T ]
igure
, SO T T 1, .
—* - (—+—+—)*V, =-I;,-V,

R, R R S ‘

15V, — 43V, = —672 (2) . 1
I
From (1) and (2), we obtain: V; = 46.78F .V, =29.26 |
1 2 R1 R25
I =10.644; I, =—8.524; I, =1.324; I, =2.194; I, =—4.884 ag | b
{
Vsl )
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© PROBLEMS R,

SOLUTIONN°1 &
O R Ra R

c) Write loop equations describing the circuit. V IS
d) Determine the branch currents by loop currents. s1 VSZ VS3
First draw the meshes to be examined in the circuit. Figure 1
h'hev are labelled in figure with current I; I,; I;; I,; I,with below. ‘
Loop Equations, apply KVL: . 1
Loop 1: (Ri+R)* [, —R, * I, =V, +V [ 1: """‘}
Loop 2: (—Ry)* L, +(Ry +R;+R)*, - R, *I; =V, -V, - b +) '§R5
Super-Mesh: I, —I, =1 * S ;
Vsl
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© PROBLEMS R,
SOLUTION N°1 AN | M
{}n] R, R, R,
Note that, the voltage across the current source ', can determine: Ig+> %Rﬁ
loop3: —V, —R,*L, +R,*I, -V =0, Vsl Vsz Vs3
Loop4: R, *I,+V,. =0 Figure 1

So: —R3 *I?, +R3*I3 +R5 *14:V33 '

> 1, =1,=10644; I,,=I,—I,=—8.54; -

Iy =1,=2194; I, =1, -15=1.34 R, R,
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O PROBLEMS
Rg R“ VE#
PROBLEM N°2 SN NV«_@
Question 1 (6 pts) Consider the circuit shown i Figure 1. R, R, R
a) Write the nodal equations describing the circuit . ER{
b) Determine the branch currents by nodal voltages Y !
c) Write the loop equations of the circuit Vs 1 N T 1
d) Determine the branch currents by loop currents . s3

Figure 1
PROBLEM N°3

Let us find V_ in the circuit i Ay %
Calculate the power supplied by sources x<‘> e % e

Calculate the power dissipated by resistors

2 mA 1kQ

<> W C‘l‘ 4v
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O PROBLEMS

PROBLEM N°4  Use nodal analysis to find V, in the circuit 4a & 4b 2 ¥s
g v 1 ki} Z\\y
+—()—e2 A 12v
L 1 ki) N 1 kil 1 k)
+ wW—r—() WA VWA ;
LV & .
<¢>JJL ' £ i sl L <_> (1‘ 4 mA 2 mA i,’pV_l. 1::;513 1k1]§ v,
= I, .
‘ t |
PROBLEM N°5 Find the power supplied by the PROBLEM N°6 Find V, in the circuit in this
2-A current source in this circuit circuit using loop analysis.
using loop analysis. _ ‘
I,
e 1 T T 2 k2 1k (T)zma
2V
: = W =

1 kel :-EEVU :éz kil (l 4 mA
1,
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Objectives:

e to understand the concepts of linearity and equivalence

e tolearn how to analyze electric circuits using the principle of superposition

e tolearn how to calculate a Thévenin & Norton equivalent circuit for a linear circuit
e tolearn how to use the maximum power transfer theorem

© INTRODUCTION — ELECTRICAL NETWORK’S THEOREM
v' Circuit linearity

. v' Superposition theorem
Circuit Theorems or Perp

Network Theorems 4 Vv Thévenin’s theorem

. ., ) SRRl CI,rCUIt v Norton’s theorem
electrical circuits analysis

v' Max power transfer

How to convert ? b

A. Circuit Linearity

All the circuits we analyze: linear circuits, which are described by a set of linear algebraic equations.
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© INTRODUCTION — ELECTRICAL NETWORK’S THEOREM

A. Circuit Linearity

All the circuits we analyze: linear circuits, which are described by a set of linear algebraic equations.

R, R, b

A Vi A Va Example 1: R, =2 kQ); R, = é.le; R; =3 kQ; R, =2kQ
i 3 | + Input: V.o = 12V; determine V, ,, = ?
12v § R § Re  Vou We will use linearity and simply assume that the output voltage is:
Vo =1V
- » This assumption will yield a value for the source voltage V.
_|_ Reference

- V,=V..=1V,thenl,=V,/R,=0.5 mA
Therefore, the assumption that V,, =1V
produced a source voltage of V, ... =6 V Vi =R*,+V, =4%,+V,, thenV,; =3V Hencel, =V,/R;=1mA

ource

. Now, applying KCL at node V,
However, the actual source voltage is:

Voouree = 12V, l,=1,+1,=1.5mA, then V, = R *l,+ V, = 2%+ V,, then V,= 6 V

source

the actual output voltage is: V,, =2V
Therefore, V.

source

=V,=6V
» linearity
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A AN .

X \ )
©® INTRODUCTION — ELECTRICAL NETWORK’S THEOREM
A. Circuit Linearity

R, v Example 2
AMN—— -
i Suppose we use variables instead of fixed values for all of the independent
VSC—D § R, CD'S voltage and current sources. We can then use nodal analysis to find all node

voltages in terms of the source values

Node voltage at node 1: V

Reference

= I _9e We have two kinds of sources: V., I
- f——+1.=0
R, R, V, R, R, ..linearity;
(i+L)V:iVS+IS; 2> V=aV,+a,V; +...+81, +b,1,...
Linearity theorem L &

For any electrical circuit containing resistors and independent sources, every node voltage and

branch current is a linear function of all source values and has the form of > a,U,

Where: U, source values; a,, suitably dimensioned constant.
68



‘. ,_' 49 MODULE 3: NETWORK THEOREMS - 6 HRS

S 4 \ )
© INTRODUCTION — ELECTRICAL NETWORK’S THEOREM

A. Circuit Linearity
Problem 1  Find I, in the circuit in figure a & b using linearity and the assumption that I, = 1 mA.

AN —————— ANV AN
4 k() 4 ki 4 k1)
12 nu‘é C‘D:ima 4 k) 2 ki) 4k 3 2k
-fu ! lrr’il
L
Figure a Figure b
B. Superposition Theorem Example 1: we examine the simple circuit, two-sources contribute to the
1,(t) current in this circuit
7, 3kn 6 ki)
2 VW The actual values of the sources are left unspecified so that we can
3k examine the concept of superposition

AN
o) @ @ @LT
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© INTRODUCTION — ELECTRICAL NETWORK’S THEOREM

B. Superposition Theorem

3 ki) 6 kil
AN VWA

3k

() @ @ @0

The mesh equations for this circuit are

Okiy (1) — 3kix(1) = v(¢)
—3kiy(t) + 9kis(1) = —vs(r)

» oo ult) o w(r)
W) = 5~ sk

Example 1: we examine the simple circuit, two-sources contribute to the
current in this circuit

The actual values of the sources are left unspecified so that we can
examine the concept of superposition

The current i (t) has a component due to
v,(t) and a component due to v,(t)

In view of the fact that i,(t) has two components, one due to
each independent source.

it would be interesting to examine what each source acting
alone would contribute to i,(t)
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B. Superposition Theorem

3 ki) 6 kil
AN VWA

vyt )Ci) @

\ 4

3k

@ O

MODULE 3: NETWORK THEOREMS - 6 HRS

The current i (t) has a component due to
v,(t) and a component due to v,(t)

In view of the fact that i;(t) has two components, one due to
each independent source.

it would be interesting to examine what each source acting
alone would contribute to i,(t)

i) 3kn 6 ke i) 3k 6k i5(1)
—— W VWA —— A WW—
v (r)(j) 3k 3 3kQ Cj) (1)
Acting alone by v,(t) Acting alone by v,(t)

Then, using current division, we obtain

—2vz(f)( 3k )_—v:(-'}
15k \3k +3k/) 15k

(1) =

Acting alone by v,(t) — > v,(t)=0V

meaning that the source v,(t) is replaced with a
short circuit

T (1) _u1)
filt) = L GOk sk
KT 36k

Acting alone by v,(t) — > v,(t)=0V

—— (1) _ (1)
N

6k +
3k + 3k
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AT AN
© INTRODUCTION — ELECTRICAL NETWORK’S THEOREM
B. Superposition Theorem i) o e i) oy . B
e S -u}[r)(t) 3k S 3ko Cj) (1)
3k0

'vltf)@) @ @ Ci) va(1)
Acting alone by v,(t)

The current i (t) has a component due to v,(t) and a component due to v,(t)

(1) = i(r) + ig(n) = =) - 22

Acting alone by v,(t)

Concept of superposition

Total current through or voltage across a resistor or branch

which provides us with this ability to reduce a » Determine by adding effects due to each source acting
complicated problem to several easier independently

problems - each containing only a single » Replace a voltage source with a short-circuit

independent source » Replace a current source with an open-circuit

» Find results of branches using each source independently
» Algebraically combine results 72
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N A N
© INTRODUCTION — ELECTRICAL NETWORK’S THEOREM

B. Superposition Theorem
Concept of superposition

» Power
— Not a linear quantity
— Found by squaring voltage or current
» Superposion’s theorem does not apply to power
— To find power using superposition = Determine voltage or current = Calculate power

Example 2: Find the current | by using superposition

12 Q Solution
I + v’ First, deactivate the source I and find I in the 6 Q resistor
3 - B v" Second, deactivate the source Vg and find I in the 6 Q
Is=3A (*) § 6 Q) <—> Vs=34V resistor.
v Sum algebraically the two-currents for the total current.
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© INTRODUCTION — ELECTRICAL NETWORK’S THEOREM

B. Superposition Theorem

Example 2: Find the current | by using superposition

Solution
12 Q . . . . .
AAY v’ First, deactivate the source |5 and find | in the 6 Q resistor
I + v" Second, deactivate the source V and find | in the 6 Q

Ig=3A § 6Q C) Vs=34V resistor.

‘ v Sum algebraically the two currents for the total current.

Step 1: Open-source Is Step 2: Short-source Vs
120
AN MW
Iy, Y Is+ 120
360 (D Vvs=sav  Is=3A §6Q Total current I: 1=ls+l;s=5A
Ivs=3 A Fo D g

S @Ry T 74
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© INTRODUCTION — ELECTRICAL NETWORK’S THEOREM

B. Superposition Theorem
Example 2: Find the current I, by using superposition

6 ki) 3kl
VWA VA *

Example 3: Find the current I, by using superposition

=

- 12V G’) 6 kO C)s A

EVC_) 2k Q 2mA  33k0 ~ 2 B L

I, 6 k() 6 ki)
VWA VWA

6 k()

VWA

Example 4: Find the current V, by using superposition Example 5: Find the current I, by using superposition

4 Vi
WA——e WA :
3k 8 ki) 12\;C_r) 22k0 G 6 mA
12vC_') Ek!lg 2 mA §2k£l 4 k) 4 kQ
—— /WA — <
2 k)
VAN

& 2
I{}
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A
©® INTRODUCTION — ELECTRICAL NETWORK’S THEOREM is the load and may
C. Thévenin's and Norton's Th be linear or
. Thévenin’s and Norton’s Theorems .
ven is the balance of the i A nonlinear
original network o = |
exclusive of the load ~ ©'"ut Circuit
: A Vo
and must be linear (jinean) B
B
Léon Charles Thévenin Edward Lawry Norton
1857 -1926 1898-1983
[ Thévenin

Thévenin’s theorem tells us that we can replace the entire
network, exclusive of the load, by an equivalent circuit that
contains only an independent voltage source in series with

a resistor in such a way that the current—voltage » .
relationship at the load is unchanged.

equivalent circuit

Norton’s theorem is identical to the preceding statement

except that the equivalent circuit is an independent current "'SCCD R 3 Yo
source in parallel with a resistor.

Norton
equivalent circuit

76



‘. ,-' o ., L'E MODULE 3: NETWORK THEOREMS - 6 HRS

INTRODUCTION — ELECTRICAL NETWORK’S THEOREM

C. Thévenin’s and Norton’s Theorems Thévenin equivalent circuit
® A linear two-terminals circuit can be replaced with an equivalent circuit of an ideal voltage
source, Vi, in series with a resistor, Rm.
®* \/1, is equal to the open-circuit voltage at the terminals.

® Ry, is the equivalent or input resistance when the independent sources in the linear circuit are

turned off
i
I:‘> . . - . . . . .
. : Linear circuit is a circuit where the voltage is directly
Sl v i proportional to the current (i.e., Ohm’s Law is followed).
bl i . .
ered a Two-terminals are the 2 nodes/2 wires that can make a
connection between the circuit to the load.
i
AMA => ,
+
— V1 R V Load
» 77
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AN

INTRODUCTION — ELECTRICAL NETWORK’S THEOREM

C. Thévenin’s and Norton’s Theorems Thévenin equivalent circuit
i
2 ° Steps to Determine V1, and Rm,
2-It_ei:r::-|?r:al \T/ Load 1. Identify the load, which may be a resistor or a part of the circuit.
cireut ; 2. Replace the load with an open circuit.
3. Calculate Voc. This is V.
i:> 4. Turn off all independent voltage and currents sources in the linear 2-terminal circuit.
/\év\’ f 5. Calculate the equivalent resistance of the circuit. This is: Rr.
_—|-—_ Vi \_/ e ® The current through and voltage across the load in series with Vi, and Ry, is the
* load’s actual current and voltage in the original circuit.
Example 1: Find the voltage V, Solution for Example 1 First remove everything to the right of A-B
12Q 4Q 12Q 4Q
M MWh—e— | M M\ —e
30v(®) 603 203 Vx v (@) 603 = K{BZN%ZNV
" - 78
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INTRODUCTION — ELECTRICAL NETWORK’S THEOREM

C. Thévenin’s and Norton’s Theorems Thévenin equivalent circuit
Example 1: Find the voltage V, Solution for Example 1 First remove everything to the right of A-B
120 40 120 40
A NN e My —e
30v () 603 203 Vx 30v () 603 = V_{B=3U$=IOV
N o] .

Notice that there is no current flowing in the 4 2resistor (A-B) is open. Thus there can be no voltage across the resistor

We now deactivate the sources te_ the left of
A-B and find the resistance seen looking in
these terminals

After having found the Thevenin circuit, we connect this to the
load in order to find V,.

120 0, Ry A
AWy Ay "
80 N
Ry =7, - 10V.2Q
603 v () 10v 203 Vx Y0480
- .

R, =(12Q//6Q) +4Q =80 7
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© INTRODUCTION — ELECTRICAL NETWORK’S THEOREM

C. Thévenin’s and Norton’s Theorems

Example 2 Use Thévenin’s theorem to
find 1, in the circuit

12\!@) S2k0 | CDarnA

4 kO 4 k0
—— M WA
IC-‘
WA
2 k)

Example 4 Use Thévenin’s theorem to
find 1, in the circuit

Thévenin equivalent circuit

Example 3 Use Thévenin’s theorem to find V, in the circuit
12V

80




C. Thévenin’s and Norton’s Theorems

As we have stated earlier, the Thévenin or Norton equivalent of a network containing only independent sources

is the balance of the

original network o
exclusive of the load ~ “"""

A
and must be linear (linear)

+ O

=
Q

Thévenin equivalent circuit

working with a dependent
sources ?

Tol

MODULE 3: NETWORK THEOREMS - 6 HRS

INTRODUCTION — ELECTRICAL NETWORK’S THEOREM

is the load and may

be linear or
nonlinear

Circuit

B

Circuit A delivers a current i to circuit B and
produces a voltage across the input
terminals of circuit B

\i Rmh A

—

Thévenin equivalent circuit

For linear circuit A

Example 1

A
VvV

2k

AANA

1k

1 kit

VVY

WA

2 1k <+> 2V, ‘T 2k
> T2y,

Thévenin equivalent circuit working with a dependent sources

g©

O |

81



MODULE 3: NETWORK THEOREMS - 6 HRS

INTRODUCTION — ELECTRICAL NETWORK’S THEOREM

C. Thévenin’s and Norton’s Theorems Thévenin equivalent circuit working with a dependent sources
ré . . . . E= "/. +
Thévenin equivalent circuit A
. . 1kQ
working with a dependent 210 . i
sources ? =1 +

B
=
Example 1 e I
1 kQ) P I
Our approach to this problem will be to apply a 1-V source at vl 3&3 lﬁf R 0 A
the terminals A-B of the circuit and then compute the current |, ; 5
and R, =1/l
m =1/, Thevenin equivalent resistance: ratio Voc/I - 31k <J_r> 2V, 2k 1V
47

I3

Circuit B delivers a current |, to circuit A and produces a voltage ,T_, B

across the input terminals of circuit A
Example 1
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INTRODUCTION — ELECTRICAL NETWORK’S THEOREM

C. Thévenin’s and Norton’s Theorems Thévenin equivalent circuit working with a dependent sources
Case 1: Thévenin equivalent v
. . . . —M—
circuit working with a only e
dependent sources ? 2k 1k0 A
—\N— \N"——¢ 2

0 Example 1
KVL around the outer loop specifies that = X‘{f +
| 1k0 Jo
V,+V, =1V 2 k) 1k Dl A
Vig—W W
The KCL equation at the node labeled V, is =
S1k0 2V, S 2k 1V
V1/1k +(V; - 2V,)/2k - (V;-1)/1k = 0 3
3
>V, =1V A
B

s 1=V /1=1mA  1;=1/2=0.5mA -

L= (1-2V,)/1 = -1 mA =1, + L, +1;=05mA > Ry =1/lp=2kQ N
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INTRODUCTION — ELECTRICAL NETWORK’S THEOREM

C. Thévenin’s and Norton’s Theorems Thévenin equivalent circuit working with a dependent sources

Case 2: Thévenin equivalent
circuit working with both
dependent and independent
sources ?

Example 2

Find the voltage across the 100 QQ load
resistor by first finding the Thevenin circuit
to the left of terminals A-B

Ig A
—— \V\W\—> M =
50 O 40 QO

O sev 2300
&

§1009

Solution for Example 2

> Step 1: Find the open-voltage V;,

Remove the 100 Q2 load resistor and find V5 = V, to the

left of terminals A-B

Is A
’W\::| NN —

50 O
@) sev S0

61

~86+801,+6I,=0 — I ;=14

Vi=6I,+30I,= — 36V Viu=Va =36V

84



“ ,' : MODULE 3: NETWORK THEOREMS - 6 HRS

INTRODUCTION — ELECTRICAL NETWORK’S THEOREM

C. Thévenin’s and Norton’s Theorems Thévenin equivalent circuit working with a dependent sources

Thévenin equivalent circuit
working with both dependent Solution for Example 2

and independent sources ?

» Step 2: Find the Thevenin’s equivalent resistance Ry,

Example 2
We deactivate all independent sources but retain all
Find the voltage across the 100 Q2 load dependent sources (controlled variable):
resistor by first finding the Thevenin circuit I "
to the left of terminals A-B AN — AV v
. . 50 Q | 40 Q
o N— ANy —— 2300 R
50 Q 40 Q
6 1
)86V § 0 € B
O 21000 .
+
<—> 615 m) Technique tofine R, <=m Refer tothe Case 1
B — previous slides

85



e

MODULE 3: NETWORK THEOREMS - 6 HRS

INTRODUCTION — ELECTRICAL NETWORK’S THEOREM

C. Thévenin’s and Norton’s Theorems

Thévenin equivalent circuit
working with both dependent
and independent sources ?

Solution for Example 2

» Step 2: Find the Thevenin’s
equivalent resistance Ry,

We deactivate all independent
sources but retain all dependent
sources (controlled variable):

I A
’\/\N = W\l v
50 O | 40 O
§ 30Q Rog
—
6 I
B

Thévenin equivalent circuit working with a dependent sources

We must apply either a voltage or current source at the load and
calculate the ratio of this voltage to current to find Ry,
Is 1A

Around the loop at the left we
write the KVL equation

I+1 A% *P 1A s
s #615 \CD 507 +30(Is + D)+ 613 =0,——> T3 =—— E 4

=) Find Voltage of the current source 1-A ?

» Step 3: Find the aO[ 13) 140)+V=0  or V =574 volts
Thevenin’s equivalent 2 %
circuit R”’=7=T=57'4Q
Ry
Ay
57.4 Q
36x100
= Vo= sar100 - 207
vm© 36V 2 o ol
86
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© INTRODUCTION — ELECTRICAL NETWORK’S THEOREM

C. Thévenin’s and Norton’s Theorems Thévenin equivalent circuit working with a dependent sources
Example 3 Example 4
Let us use Thévenin’s theorem to find V, Let us use Thévenin’s theorem to find V,
2V O Ve =2kl + 3 =11V
T ( _)— Yok
1kn oy
2 < A p v, B 6k
<+ 20001 2kQ §2 kO , v, = 11(2k - Gk)
Iy _3y
—3¢ - T4
Example 5 Example 6
Hidden: o .
Ry = 2= _Llyo Let us use Thévenin’s theorem to find V,
Voe =6V I 3 ERT
ik —18 4 ki) /\11 Iy =
V, = (-6) ————| - =V AAA o, S —AAA ) —¢
(1k+1k+%k) ! V- L ¥ + 2 ki O_ +

1:';513 v,

b [

JATA A
A\
oo

122V (I) 2 kil g 4 kil ].f” 1 kil
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D. Maximum Power Transfer

a
Network of Y i
Sources L
and RS
; 1 L
Resistors s

In circuit analysis we are sometimes interested in determining the maximum power that can be delivered to a load.
By employing Thévenin’s theorem, we can determine the maximum power that a circuit can supply and the manner
in which to adjust the load to effect maximum power transfer.

Problem statements:
v" What is the maximum power that can be delivered to a load?
v What is the value of load resistance R that maximizes the power?

v' What is the efficiency of power transfer?
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© INTRODUCTION — ELECTRICAL NETWORK’S THEOREM

D. Maximum Power Transfer

i R
——ANN—e

2 v -
ﬂ[‘lﬂd = 'Ry = ( ) R
v <+> gRL : R+R,) "

v What is the value of load resistance R that maximizes the power?

The power that is delivered to the load is given by the expression

. . —> We differentiate this expression with respect to R, and equate
Simple circuit .
the derivative to zero

APy (R + R)0* — 20°R(R + R;) 5 >R e
. =

= ; |
Results of maximum power transfer: B, (R i RL) (for the Thevenin
equivalent circuit:

e The maximum power transfer takes place when the load resistance match to
the Thevenin’s resistance R= Ryp)

, : V2
Using Thevenin  rpo maximum power transferred to theload P, =PF,,(R, =Ry,)= —4RTH
TH

equivalent circuit w



© INTRODUCTION — ELECTRICAL NETWORK’S THEOREM

D. Maximum Power Transfer

The maximum power transferred to the load

Example 1: Find the voltage V,

Let us find

- the value of R for maximum
power transfer in the network

- the maximum power that can
be transferred to this load R

Rrn P4
— VW
Prmex |
VTh § RLoad
VA 0
R
4 6 k02 Consider R = Load
MA VA
3 ki C_r)

2 mA

av

Using Thevenin
equivalent
circuit

MODULE 3: NETWORK THEOREMS - 6 HRS

{

RL
VA o}
Ry,
4 k0 6 k2
VA AA
:) 3 k0 (i)
2 mA 3V
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N A N
© INTRODUCTION — ELECTRICAL NETWORK’S THEOREM

D. Maximum Power Transfer

Example 1: Find the voltage V,

Let us find @ vg‘v“ o 0 ..;«: o)
- the value of R for maximum 4 KO 6 ki) Consi 4 k() 6 k2
onsider R = Load ! !
power transfer in the network — W =" i e
- the maximum power that can ‘ y
. —-1 S " . . T) 3kQ C_F
be transferred to this load R i — ) Using Thevenin N
2mA 3v| equivalent S o
circuit
> Step 1: Find the Thevenin’s equivalent > Step 2: Find the R for max power transfer by
voltage V. and resistance Ry using Thevenin’s equivalent circuit
A Ve _ Ry _ _ _
l Ry - ok R; = Ry, = 6kQ
4 k() 6 ki) 4 ko) 6 k() O 2
M—y - P_(ln)lﬁk_zsw
L=\ 1ok (6k) = i

—/\WWA
6 ki
w2 () |
C) C > Lol 0V
2 mA 3k 3v e
91

AN
ey




MODULE 3: NETWORK THEOREMS - 6 HRS

© INTRODUCTION — ELECTRICAL NETWORK’S THEOREM
PROBLEM N°2

5.38 Find V, in the circuit in Fig. P5.38 using Thévenin’s

PROBLEM N°1

5.34 Use Thévenin's theorem to find V, in the circuit using

Fig. P5.34. theorem.
+ Vo - 12V
T
v‘\AIA N
2k0 L
6 mA
i P
o L
12v 1 kQ 2k0 +
< 2 kQ P
2k0 g $2k0 3210 4mA k03 V,

Figure P5.34

PROBLEM N°3

5.59 Find V, in the network in Fig. P5.59 using Thévenin’s

theorem.
_ 2V,
25 g5
+ V- N
12V t) 2k0 3 k0 3

Figure P5.59

+

Vo

Figure P5.38

PROBLEM N°4

5.109 Calculate the maximum power that can be transferred
to R, in Fig. P5.109.

W AN : 4"A"A%
6 k() RL 10 kQ)
2k 10 k)
e
3 mA

f)ev

Figure P5.109
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D. Maximum Power Transfer

Question 3 (7 pts): In figure 3, give V51 = 10V, R =5 Q, R, =3 Q [3=3A,R3=6 Q, R4y =2 Q, Vy=
10V, Rs =4 Q, Vis = 15V, V.= 12V, [ = 4A. Find the value of R that will achieve maximum power

transfer and determine that value of the maximum power.

R2 R4 V54

Figure 3
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CONTENT

Linearity

Principle of Superposition applying for a linear network containing multiple independent
sources

Using Thévenin’s theorem: replace some portion of a network at a pair of terminals with
a voltage source in series with a resistor

Network theorems

Maximum power transfer can be achieved by selecting the load to be equal to Thevenin
equivalent resistance found by looking into the network from the load terminals

The MATLAB program for solving the nodal voltages, mesh currents;
Matlab DC circuit
analysis ~ > The MATLAB functions diff and find 2 maximum power transfer

The MATLAB Simulink for DC Circuit Modeling
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SUMMARY 1 Principle of Superposition Textbook, page 196

s L=

ﬁppl}'i ng Step 1. In a network containing multiple independent sources, each source can be

Superposition applied independently with the remaining sources turned off.
Step 2. To turn off a voltage source, replace it with a short cireuit, and to turn off a
current source, replace it with an open circuit.

) g o Step 3. When the individual sources are applied to the circuit, all the circuit laws
Applying Thévenin’s and techniques we have learned. or will soon learn, can be applied to obtain a
Theorem Textbook, page 211 ——
Step 4. The results obtained by applying each source independently are then added

Step 1. Remove the load and find the voltage across the open-circuit terminals, V.. All together algebraically to obtain a solution.

the circuit analysis techniques presented here can be used to compute this voltage.

Step 2. Determine the Thévenin equivalent resistance of the network at the open
terminals with the load removed. Three different types of circuits may be
encountered in determining the resistance, Ryy,.

(a) If the circuit contains only independent sources, they are made zero by
replacing the voltage sources with short circuits and the current sources with Maximum Power Transfer
open circuits. Ry, is then found by computing the resistance of the purely
resistive network at the open terminals.

(b) If the circuit contains only EESEESSERSME an independent voltage m Maximum power transfer can be achieved by selecting

or current source is applied at the open terminals and the corresponding the load RL to be equ“l to RTh found b}' loﬂking into the
current or voltage at these terminals is measured. The voltage /current ratio network from the load terminals.
at the terminals is the Thévenin equivalent resistance. Since there is no
energy source, the open-circuit voltage is zero in this case. VZ TH
(c) If the circuit contains both independent and dependent sources, the P = PL , ( RL = RTH ) =
open-circuit terminals are shorted and the short-circuit current between frax 4R T

these terminals is determined. The ratio of the open-circuit voltage to the
short-circuit current is the resistance Ry,.

Step 3. If the load is now connected to the Thévenin equivalent circuit. consisting of
V. in series with Ry, the desired solution can be obtained. 95
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PROBLEM N°1

Question 3 (7 pts): In figure 3, give V51 = IOV, R =5Q, Ry, =3 Q, [3=3A,R3=6 Q R4 =2Q, Vy=
10V, Rs =4 Q, Vs = 15V, V= 12V, I, = 4A. Find the value of R that will achieve maximum power
transfer and determine that value of the maximum power.

R2 R4 V54 VS
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PROBLEM N°2
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PROBLEM N°2
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PROBLEM N°2
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PROBLEM N°2 Find for maximum power transfer and the maximum
power transferred to this load in the circuit in this figure

VAL + @ WA O
éﬁkﬂ CD 2 kQ ERL
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Matlab DC circuit analysis

When MATLAB is invoked, the command window will display the prompt >>

A matrix
~ ~ If Z*I=V and Z is non-singular, the left division, Z\V' is equivalent to
1 2.3 MATLAB expression
A=|2 3 4 I =inv(Z2)*V
3 4 5

where inv is the MATLAB function for obtaining the inverse of a matrix. The

right division denoted by V/Z is equivalent to the MATLAB expression
In MATLAB - may be entered as follows:

I =V*inv(Z)
A=[123; 234;345];

A matrix A can also be entered across three
input lines as

A=[123
e
3 45);
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Matlab DC circuit analysis

@ APPLYING : NODAL ANALYSIS

If we assume that the admittance between nodes i and j:

¥

{";'a

The nodal equations:

YuVi+YpVot... * ¥ Ny = Z L form as
Yu Va5 ¥ Vot . +¥uVa= Y. b =)
Yor Vit Yoo Vot oo+ Yoo V= Y 1,
where

m=n-1

V,, V;and V, are voltages from nodes 1, 2 and so on ..., n with re-
spect to the reference node.

Z 1, 1s the algebraic sum of current sources at node x.

(Y=1/R)  T6ng dan !l >< Tong tré

can be expressed in matrix

Yivl=(1 = [v]=[¥]"[1]

[Y]_] is an inverse of [Y].

In MATLAB, we can compute [V] by using the
command

V=inv(Y)*1I
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Matlab DC circuit analysis

@ APPLYING : NODAL ANALYSIS In MATLAB, we can compute [V] by using the command V = fnv(Y) * I

Example 1 20 Ohms

AN Solution

Vv 10 Ohms 40 Ohms |y » Using KCL and assuming that the currents leaving a node
ANAN—

are positive, we have

50 Ohms C/l) 2A Fornode 1,
Vl — Vz + Vl _ V3 o

10 20

§=0

ie.,

/:5\ :
NI %
I——vW——% <

015V, — 01V, — 0.05V, = 5
Circuit with Nodal Voltages

At node 2, At node 3,

L=V, V¥V, V,=V¥, ;=W Va_Vz_z_O
21, 2,2 3 * >
10 50 40 20 40

. iie.,
ie., B B 3
01V, + 01457, — 0,025V, = 0 03k~ F U0l =2
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Matlab DC circuit analysis

@ APPLYING : NODAL ANALYSIS

Example 1
20 Ohms
AVAYAY
Vv 10 Ohms " 40 Ohms | v
1 4—AM AMA—— 2

50 Ohms

() Ok

—t—\—4

Circuit with Nodal Voltages

» In matrix form, we have

Fornode 1. 015V, — 0.1V, —0.05V, =5
Atnode2 -0V, + 0145V, — 0025V, = 0
Atnode 3 _0.05/, - 0.025V, + 0.075V, =2

015 01 00577 [5
01 0145 —0025|7, |=(0| Wp
005 -0025 0075 |7, | |2

MATLAB Script

diary ex4 1.dat
% program computes the nodal voltages

% given the admittance matrix Y and current vector I
% Y 1s the admittance matrix and I is the current vector
% initialize matrix y and vector I using YV=I form

Y=[0.15 -0.1 -0.05;
-0.1 0.145 -0.025;
-0.05 -0.025 0.075];

I=[5;

0;
2];

% solve for the voltage

fprintf('Nodal voltages V1, V2 and V3 are \n')
v=1nv(Y)*I

diary

The MATLAB program for solving
the nodal voltages is ?

-

The final results obtained from
MATLAB are

Nodal voltages V1, V2 and V3,
—

404.2857

350.0000

412.8571
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Matlab DC circuit analysis

@ APPLYING : NODAL ANALYSIS Solution
» Using KCL and the convention that currents leaving a node is
Example 2 positive, we have
2 Ohms
A | Atnode | At node 2,
f 5 b h—% h-¥ v, -V, =101,
v 5 Ohms v i v 15 Ohms et = -5=0
) S : <> e, 20 5 2 .
i i l Simplifying, we get e = F—Fi)
= 2

0.75V, — 02V, — 05V, =5

5 ACT) § 20 Ohms § 4 Ohms § 10 Ohms (t) 0V Thus
10, - V,)
v, =——1—*=

From supernodes 2 and 3, we have v, -V, 5

by Ja-¥i W KW _g

Circuit with Dependent and Independent Sources
10 5 - 15

Simplifying, we get At node 4, we have

—02V, + 045V, + 01667V, — 006667V, = 0 v, =10
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Matlab DC circuit analysis

@ APPLYING : NODAL ANALYSIS

Example 2
2 Ohms
MA
|X
101
V1 5 Ohms Vz * Va 15 Ohms
A ‘- AN v,
£ (T) 20 Ohms é 4 Ohms 10 Ohms (ﬁ) 10V

Circuit with Dependent and Independent Sources

» In matrix form, we have

[0.75
=5

0

—02
1

0

0
|

-02 045 01667

0

—05
5

—-0.06667

1

s S

MATLAB Script

diary ex4 2.dat

% this program computes the nodal voltages

% given the admittance matrix Y and current vector [
% Y is the admittance matrix

% I is the current vector

% 1nitialize the matrix y and vector [ using YV=I

Y=[0.75 0.2 0 -0.5;

S5 14 &
0.2 0.45 0.166666667 -0.0666666667;
0 00 1]

% current vector is entered as a transpose of row vector
I=[5 0 0 10];

% solve for nodal voltage

fprintf('Nodal voltages V1,V2,V3,V4 are \n")
V =1nv(Y)*I

diary

The final results
obtained from
MATLAB are

V =
18.1107
17.9153

-22.6384
10.0000
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@ APPLYING : LOOP ANALYSIS

where

Iy +Zp L+ 72313+ Liali= Z Vi
Iy 1 +Zph+Zy 3+ .. L 1,= Z V,
Tl BalyrZalt «  Zale= ), Vi

1, I, ... I, are the unknown currents for meshes 1 through .

vidual current flows.

Zit, Za3, o, Z,, are the impedance for each mesh through which indi-

Z;, j # i denote mutual impedance.

Z V. 1s the algebraic sum of the voltage sources in mesh x.

MODULE 3: TUTORIAL -2 HRS

can be expressed in matrix
form as Z [I] o [V]
- - e (Y
Zy Ly 4y .. 4, : Z :
Zy Ly Zy ... 4, 2 Z Va
Z=\Zy Zy Zy .. Zy, I= 13 ¥ = Z V3
_an erZ Zn3 Zm?_ I" Z Vn

» [=[z]"V]

In MATLAB, we can compute [/] by using the
command

I'= im(Z)Y*V
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Matlab DC circuit analysis Solution
@ APPLYING : LOOP ANALYSIS Using loop analysis and denoting the loop currentsas/,, I,, I,
S5V
6 Ohms 15 Ohms 10 Ohms
Example 1 AN AN @ AN
Find the power dissipated by the 8 Ohm . | 5
resistor and the current supplied by the 10- ’ s
nove + § g 8 Ohms
volt source (‘) 20'Ohme
S 4
5V _>
6 ohms 15 Ohms 10 ohms
AN AN O AN
I—) U By inspection,
) § 6 Ohms ]S = 1[

10 v<+> g g
- 20 Ohms
For loop 1,

-10+61, +20(1,-1,)=0

261, - 201, = 10
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6 Ohms 15 Ohms 10 Ohms

6 Ohms
8 Ohms

AN

0 V() § 20 Ohms

For loop 2,

151, =5+6(1, - L)+ 41, +20(1, - 1,)=0

Is=1, wp -161,+411,-6,1=5
For loop 3,

107, +81, -4, +6(1;,-1,)=0

Is=1, wp -4 -61,+241,=0

MODULE 3: TUTORIAL -2 HRS

MATLAB Script

26 -20 0 z] [10
~16 41 -6|1,|=|5
4 -6 24| |0

The power dissipated by the 8 Ohm resistor is

PRl = 81,

The current supplied by the source is /¢ = [,
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Matlab DC circuit analysis

@ APPLYING : LOOP ANALYSIS

5 Vv
6 Ohms 15 Ohms 10 Ohms

10 V() § 20 Ohms q $Oﬂ§ 8 Ohms

26 -20 0 |1
~16 41 —615: 5
-4 -6 24|1]| |0

The power dissipated by the 8 Ohm resistor is

PRl = 81,

The current supplied by the source is /¢ = I,

MATLAB Script

diary ex4 4.dat

% This program determines the power dissipated by
% 8 ohm resistor and current supplied by the

% 10V source

%

% the program computes the loop currents, given
% the impedance matrix Z and voltage vector V
%

% Z. 1s the impedance matrix

% V 1s the voltage vector

% 1nitialize the matrix Z and vector V of equation

Y% Z1=N
% solve for loop currents

Z=[26 20 0; [ =inv(Z)*V;
216 40 -6 % the power dissipation in 8 ohm resistor is P
i 24]’, P=28%3)2;

V=[10 5 0],_’ % print out the results

fprintf('Power dissipated in 8 ohm resistor is %8.2f Watts\n',P)

fprintf('Current in 10V source is %8.2f Amps\n',I(1))

diary

Power dissipated in 8 ohm resistoris  0.42 Watts
Current in 10V source is  0.72 Amps
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Matlab DC circuit analysis

@ MAXIMUM POWER TRANSFER

dP, (R + RL)2 Fg— VSZRL(z)(RS + &)
dR, (R, +R,)

OLENES o
dR,

Simplifying the above we get

||}—

(R,+R,)-2R, =0

The voltage across the Load R, is given as ie.,
= ViR, R, = R;
TRl

The power dissipated by the load Ry is giver

2 V2R » Let us discuss : MATLAB Diff and Find Functions
— L 5 =M,

R, (R +R,)

B
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Matlab DC circuit analysis ,
If f isarow or column vector

@ MAXIMUM POWER TRANSFER F=1A) £Q) . f(0)]

» Let us discuss : MATLAB Diff and Find Functions then diff(f) returns a vector of difference between adjacent elements
diff ()=[f2)-fQ) fB-f2) ... f(n)-f(n-1)]

Numerical differentiation can be obtained using the

backward difference expression The output vector diff ( /') will be one element less than the input vector f.
; Ll Y— il ,) The find function determines the indices of the nonzero elements of a vector
f(x,)= or matrix. The statement
xn . xn—l
B = find( f")

or by the forward difference expression
will return the indices of the vector f* that are nonzero.

LRI SPICH

’
X —
/) : P For example, to obtain the points where a change in sign
occurs, the statement

The derivative of f(x) can be obtained
by using the MATLAB “diff” function as

J(x) = diff (f)-/diff (x).

Pt change = find(product < 0)

will show the indices of the locations in product that are negative.
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Matlab DC circuit analysis MATLAB Script

@ MAXIMUM POWER TRANSFER % maximum power transfer
% vs is the supply voltage

: . : . % ts 1s the supply resistance
» Let us discuss : MATLAB Diff and Find Functions v i the Toad tesistitice
% vl is the voltage across the load
% pl is the power dissipated by the load

Assuming: R, varies from 0 to 50KQ, plot the wn=10  se—=T0ek:
power dissipated by the load. Verify that the d=0: 1;3:505:3;
maximum power dissipation by the load occurs k = length(rl); % components in vector 1l
when R is 10 KQ. % Power dissipation calculation
o | Vi VIR, for i=1:k
10,000 Ohms "R, (R +R,) pl(1) = ((vs/(rs+rl(1)))"2) *rl(1):
A end
* % Derivative of power is calculated using backward difference
dp = diff(pl)./diff(r]);
<+) 10V A rld = rl(2:length(rl)); % length of rld is 1 less than that of rl
- P, ; R % Determination of critical points of derivative of power
prod = dp(1:length(dp) - 1).*dp(2:length(dp));
- crit_pt = rld(find(prod < 0));

L max_power = max(pl); % maximum power is calculated
% print out results
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Matlab DC circuit analysis MATLAB Script
@ MAXIMUM POWER TRANSFER fprintf('Maximum power occurs at %8.2f Ohms\n',crit_pt)
fprintf('"Maximum power dissipation is %8.4f Watts\n', max_power)
» Let us discuss : MATLAB Diff and Find Functions % Plot power versus load
plot(rl,pl,+"

title('Power delivered to load")

Assuming: R, varies from 0 to 50KQ, plot the xlabel('load resistance in Ohms')
power dissipated by the load. Verify that the ylabel(‘power in watts')
maXimum power d|SSipation by the |Oad OCCU rS The results Obtained ﬁ‘om MATLAB are Maleum power occurs at 1000000 Ohms

Maximum power dissipation is 0.0025 Watts

when R, is 10 KQ.

%107 Power delivered to load
25 7 T+++++

+y
10,000 Ohms + +++++
+ *t.
AVAAY, 2r Fy
+ ++++

"+
Max Power ]

(5]
T

@
—_—
o
<
U
—
dYAVAY;
Py
-
<
-
power in watts
+

05F

% 2 3 s 5 117

— load resistance in Ohms ¥ 10°
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Matlab Simulink DC circuit analysis
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‘; " | MID-TERM EXAM - 1.5 HRS

Type

Attendance/Attitude 10%
20% Group report & presentation
20% Written exam: theory & application
50% Written exam: theory & application

» Question 1: theory
» Question 2 = Question 4: application
» Open-book !!
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‘; " e FINAL EXAM — 2 HRS

Type

Attendance/Attitude 10%
20% Group report & presentation
20% Written exam: theory & application
50% Written exam: theory & application

» Question 1: theory
» Question 2 = Question 4: application
» Open-book !!
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