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§ |Lectute (1) ]J CIRCUIT THEORY
P & "l
¢ Introduction 8
hal - - - - - - - Pat
&« Circuit theory is an important and perhaps the oldest branch of electrical engineering. A %

& circuit is an interconnection of electrical elements. These include passive elements, such %
% as resistances, capacitances, and inductances, as well as active elements such as sources. ¥
% Two variables, namely voltage and current variables are associated with each circuit
% element. There are two aspects to circuit theory: analysis and design. Circuit analysis 5§
& involves the determination of current and voltage values in different elements of the
% circuit, given the values of the sources. On the other hand, circuit design focuses on the
% design of circuits that exhibit a certain prespecified voltage or current characteristics at

&

{] H H ()
% one or more parts of the circuit. $
& ; &
i System of Units :
§ 1) The English system. &
§ 2) The metric system which is subdivided into two interrelated standards: §
& e The MKS system uses Meters, Kilograms, and Seconds. &
& - &
& e The CGS system uses Centimeters, Grams, and Seconds. &
§ 3) The international metric system of units (SI). §
& i
& i
& The international system of units, commonly called Sl, is used in electricity. The seven
’ base units of Sl are listed in Table (1.1). The two supplementary units of Sl are plane ’
§ angle and solid angle Table (1.2). %
¥ Table (1.1): Base Units of the International Metric System ¥
§ §
$ Quantity Base Unit | Symbol $
* Length meter m *
& . &
¢ Mass kilogram kg $
§ i §
s Time second S :
$ Electric current ampere A $
R Thermodynamic temperature kelvin K .
§ Light intensity candela cd §
& Amount of substance mole mol &
§ Table (1.2): Supplementary SI Units Eg
& _ : &
s Quantity Unit Symbol K
Plane angle radian rad
& Solid angle steradian | sr &
Pal Pl
(3 OFA 2
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K Other common units can be derived from the base and supplementary units. For %
& example, the unit of charge is the coulomb, which is derived from the base units of second
Pat - - - = - Pat
§ and ampere. Most of the units that are used in electricity are derived ones Table (1.3). ;§
(S s
. Table (1.3): Derived SI Units .
K Quantity Unit Symbol K
K Energy joule J K
K2 Force newton N Ko
s Power watt w s
& Electric charge coulomb C &
s Electric potential volt \Y; K
% Electric resistance ohm Q &
8 Electric conductance siemens S .
% Electric capacitance farad F &
R Electric inductance henry H 8
Eg Frequency hertz Hz Eg
¥ Magnetic flux we ber whb ¥
K Magnetic flux density tesla T &
et >.1
e
S '8
. etric Prefixes 3
& v i i &
§ Table (1.4): SI unit prefixes §
& In the study of basic electricity, some MuTtipiier Prefix Sl &
% electrical units are too small or too large to [qm oxa E
§ express conveniently. For example, in the case 105 oeta P §
% of resistance, we often use values in thousands [7or tera T &
s or millions of ohms (Q). The prefix kilo g7 giga G K
Pat - - Pat
§ (denotec_zl by the letter k) is a convenient way of [1o° mega M §
& expressing a thousand. Thus, instead of saying [1p° kilo K ¥
o . ()
% aresistor has a value of 10 000 Q, we normally [710? hecto h K
% refer to it as a 10-kilohm (10-kQ) resistor. In [10 deka da (]
) . &
§ the case of current, we use expressions such as [ 10" deci d §
R milli amperes and microamperes. The prefix | 10 centi c &
§ milli is a short way of saying a thousandth and | 10 milli m ;§
§ micro is a short way of saying a millionth. |10 micro u §
% Thus 0.012 A becomes 12 milliamperes (mA) 10~ nano n &
¢ and 0.000 005 A becomes 5 microamperes 10'1: pico p .
§ (WA). Table (1.4) lists the metric prefixes |10~ femto f E§
% commonly used in electricity and their |10 atto a s
s numerical equivalents.
Pal Pl
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¢  Definitions L Terminologies ¢
§ 1- Electric charge (O)_: is a physical properity of electrons and protons in the E§
& atoms that gives rise to force between atoms. The charge is measured in coulomb %
(S 3
K9 [C]. K9
K9 : : : . : : : K3
(3 The coulomb is defined as the quantity of electricity which flows in an electric @
g circuit when a current of one ampere flow for one second. ;
The charge of proton is arbitrarily chosen as positive and has the value of
(1.6 x 10" C), whereas the charge of an electron is chosen as negative with a value
$ of (-1.6 x10™ C). ;
% Note that, like charges repel while unlike charges attract each other. &
3 (S
(S (S
‘ Q=It [C] ;
(3 *
s Where, Q:- electric chargein coulomb. 8
et - - Pat
s I- electric current in ampere. 8
& t:- time in second. (3
() o
S : : (S
K The total charge (Q) transferred during the time from (t;) to (t,) can be calculated as, K
S (s
I°1 ty . &
Q=) idt | [C]
(S (S
(S (S
% Example 1: If a current of 5A flows for 2 minutes. Find the quantity of electricity §
% transferred. &
% Solution: R
§ Quantity of electricity is (Q) =I.t §
§ I=5A, t=2 x 60 = 120 second [S] §
% Hence Q =5x 120 =600 C &
o (3
§ 2- Current (I) : is the flow rate of electric charge that is measured as coulombs per §
% second. The unit of electric current is ampere [A]. &
(3 : : %
3 An ampere is defined as the flow of charge at the rate of one coulomb per second K
$ (1A = 1C/S). $
(3 3
& Q - _dq K
== | A or i) =2 | [Al
3 3
:.: electron Mow direction :::
'8 (s
S (s
K / | i *
¥ e B \ o
:.: - - - - | | | - -{ ) ’0:
§ Note: the conventional direction of current flow is L E§
% | reverse to the direction of electrons flow as shown in - K
¢ | Figure (1.1). | it &
E% Battery E%
R Figure (1.1) &
¢ 3% ¢
Pal Pl
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()

()

§ 3- Direct current (dc): is the current that remains 14 §
& constant in direction & magnitude (constant with &
§ ’_[ime) as shown in Figure (1.2)(a).The symbol (1) E§
§ is usually used to represent such a constant ;§
& current. The reason for such unidirectional current &
is that the voltage source maintain the same A >
& polarity for the output voltage. ' &
K The voltage supplied by these sources is called K
s direct current voltage or dc voltage. o K
(S (S
(S (S
(S (S
al . nal
:§: 4- Alternating current (ac): is the current that :§:
Pat - - - - Pat
§ reverse or alternates in polarity with time such > §
{ - - . R 0O ' 3
§ sinusoidal current as shown in Figure (1.2)(b), ac \/ §
§ usually represent by a symbol i or i(t). Eg
s (b) 0
X e > (3
K Figure (1.2) (3
:§: Two common types of current: (a) direct :g:
::j current (de). (b) alternanng current (ac) ::j
S '
S '
S '8
(S '8
& 5- Voltage or Potential Difference (PD):- potential difference (Vag) between %
§ two points A & B, is the amount of energy required (or work done) to move a unit §
§ pos!t!ve charg_e fro_m point A to point.B. If this energy Iis po_sitive, then (Vag) IS §
§ positive & point A is higher potential with respect to (w.r.t.) point B. %
& &
I§1 Vag =Va—Vp & Vo>V ?
§ The voltage is measured using the unit of volt [V], which is the work of 1-joule used §
Pat - Pat
§ to move a charge of 1-coulombbetween two points. §
(3 w dw (]
& V=— or vV=—- %
& Q dq g
(3 . (3
K3 Where, W:- is the energy or work done. R
(3 3
S (S
S (S
3 6- Power (P):-_it is defined as the rate of work done, or it is the rate of energy with  §
& . &
§ respect to time. §
(S '
& W joule &
s p= | [wat="2— or w=1] $
& t second S 5
w Qv
(5 Or P =7 or P = or P=1IV (5
Pal Pl
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() (2
()
() (2
S Note:- (3
\

% 1 watt ljoule &
& o lwatt=—— s
:i: second Ei:
8 e 1 horse power (h.p.) = 746 watt .
e Negative power means the element gives energy to network (such as sources).
e Positive power means the element absorbs energy from network (such as| %
s K resistors). J $
& 9
K3 3
3 3
Pat 4
§ 7- Energy (W) :- It is quantity represents the product of power (P) & the period (t). §
s W =P.t | [watt.second or ws or joule] 8
gt Pat
(3 t "
: W=Q.V Or W:ftl2 P.dt $
§ Plw]xt[s] $
E Energy [KW.h] = oo §
K3 3
& 3
& 3
& : . &
§ Example 2:How much energy does a 100w electric bulb consumes in 2 hours? §
% Solution: 3
& W =P.t=100 X 2 = 200 w.h ¢
3 3
s Or (5
% W =P.t=100 x (2 x 60 x 60) = 720000 J = 720 KJ &
3 3
i? Example 3: Determine the energy expended in moving a charge of 50 pC through a :?
% potential difference of 6V. 8
& Solution: .
$ W=Q.V=(50x10") x 6= 300x 10° J=300 ] $
S &
% &
% &
S vAg ¥
% < (= (3
2 OFA (3
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o

% Example 4: A voltage source of 5V, supplies a current of 3A for 10 minutes. How much %
§ energy is supplied in this time? §
% Solution: (5
(S s
§ W =P.t= (V.D)t $
(S s
& = (5% 3) x (10 x 60) &
=9000 [w.s or joule] =9 KJ
(S (s
;§; 8- Circuit Elements - can be divided into two types: ;§;
§ ()  Aective_flements: the elements which are able to supply energy to the network §
(S . : (S
* such as voltage & current sources which includes generators, batteries & *
& &
o - - o
% operational amp lifier. &
! c/ad’sive ments. !
; I Lassive fle : the elements which take energy from sources & either convert :
8! . . . . . . <
§ It to another form, or store it as electric or magnetic field, such as resistors, :§
al . R "al
. inductors & capacitors. K
'8 (S
§ Note: In passive elements the polarity of voltage is such that current flow from positive E§
§ terminal to negative terminal (reverse to the direction of current in voltage source), as :§
¢ | shown in Figure (1.3) ;
(S (s
(S (s
(s (s
(S (s
(S (S
(s (S
e il 4 T -+
: 1l — T | — I I s
(] = == (]
& &
K Voltage Source Capacitor Inductor Resistor K
(] Figure (1.3) R
K9 Ko
K9 K9
K9 K9
K9 Ko
hal Pat
A A
¥ < = (2
2 o5 2
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§ Sowurces: sources (weather voltage or current sources) can be divided into two types, :§
S (S
§ (1)  Independent Sources. (i) Dependent Sources. E§
(S s
& (i) Ladependent Fource, is an active element that provides a specified voltage or current ¥
% that is completely independent of other circuit elements. ¥
:i: \HH‘ | WII( ™o ,'1”{: ’ ) J’ ( ! | —e | |:' * ’ :§:
(5 . 2z p (5
::: Representation of ne Sources Representation of de Sources :::
¥ - - (3
& Figure (1.4): Representation of sources &
o
S (S
§ (ii)_Dependent (or controlled) Fource, an active element in which the source quantity is §
§ controlled by another voltage or current. It can be classified as , E§
% 1) Avoltage-controlled voltage source (VCVS). &
s 2) A current-controlled voltage source (CCVS). .
el Pat
§ 3) A voltage-controlled current source (VCCS). ;§
% 4) A current-controlled current source (CCCS). &
(S (S
'0‘ = - >.1
& I I (5
§ + + §
(D ®
(s (s
(S (s
& - - i &
$ Vi Vs = V1 4] Vs =111 4
& K3
(3 . . . . . . (3
% (@VCVS, u is Voltage gain (dimensionless) (b)CCVS, r is transresistance (€2) K
K3 K3
(] . (]
(3 (3
'8 (S
=gvi =fis §
(S s
S '
S '8
& (c)VCCS, g is transconductance (siemens) (d)CCCS, B is current gain (dimensionless) %
§ Figure (1.5): Representation of controlled sources §
p O
Pat Pat
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$ istance i
Pat P.1
Pat P.1

§ The flow of charge through any material encounters an opposing force similar in many
% respects to mechanical friction. This opposition, due to the collisions between electrons
% and between electrons and other atoms in the material, which converts electrical energy %
% into another form of energy such as heat, is called the resistance of the material. The unit ¥
% of measurement of resistance is the ohm, for which the symbol is () the capital Greek

% letter omega. &
& The resistance of any material with a uniform cross-sectional area is determined by the ¥
(S - : (S
s following four factors: '
3 (S
(S (S
E§: 1. Material (it depends on the nature of the material). §
& 2. Length (it varies directly as it's length). .
§ 3. Cross-sectional area (it varies inversely as the cross-section of the conductor). §
& 4. Temperature (it depends on the temperature of the conductor). K
K3 K3
() o

¢ As the temperature of most conductors increases, the increased motion of the particles §
% within the molecular structure makes it increasingly difficult for the “free” carriers to pass &

§ through, and the resistance level increases. ¥
% At a fixed temperature of 20°C (room temperature), the resistance is related to the other
(] (]
§ three factors by o _ §
& Table (1.5): Resistivity of Materials &
I’l l X
:;1 Raoa— (Q) Resistivity, p, :%}
A Material at 20°C (Q-m)
® ®
% %
§ l Silver 1.645 X 10" §
¢ [R=p7 (®) Copper 1.723 X 10 S
§ Gold 2.443 %X 10°* §
(3 A Aluminum 2.825 X 10°® (3
¢ p=RZ ‘ .
E:: p=R l (€-m) Tungsten 5485 X 107* E::
. Iron 12.30 % 107" ;§
Eg Where p (Greek letter rho) is a characteristic of the — Lead 22 X 107 Eg
% material called the specific resistance or resistivity, ~—Mercury ‘)-’-?’f 10 R
8! . . . Roahn s Qc 8 s
¢ | is the length of the material, and A is the cross- 2"::""‘“ :’()7“-:( |l(())‘ 8
Pal . R ar 35 % ! K
% sectional area of the material. CEOR, SRR ¥
& Germanium 20-2300* &
8 Silicon =500* s
(3 - (3
. Wood 10%-10" .
E:i Glass 10"=10" E:i
% Mica 10"-10" (S
:’: ¥ 3 ¢ :.:
:g: Hard rubber 10"=10" :g:
:;1 Amber 510" ;;;
& Sulphur 1 X 10" &
;3; Teflon 1 X 10" ;3;
& oY (2
Oy
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S ¥
¢ Conductance 8
8 %

&

% By finding the reciprocal of the resistance of a material, we have a measure of how well
% the material will conduct electricity. The quantity is called conductance, has the symbol G,

at . . . - - K
§ and is measured in Siemens (S) or (moh). In equation form, conductance is, §
% |G == (siemens, S)
R
® ®
% | G=— *
® ®
« Pl 8
() ®,
(s (S
¥ YA ¥
ECT T ©)
& &
%  Where y =— (called conductivity of material in [s/m]) &
K3 p K3
& : : : i : .
% A resistance of 1 MQ is equivalent to a conductance of 10° S, and a resistance of 10 Q is &
Y . - 8!
R equivalent to a conductance of 10" S. The larger the conductance, therefore, the less the R
& resistance and the greater the conductivity. .
S (s
S (s
S (s
S (s
§ Example 5: What is the relative increase or decrease in conductivity of a conductor if the §
§ area is reduced by 30% and the length is increased by 40%? The resistivity is fixed. §
% Solution: Ko
A;
¢ G;=
! ! 1. s
s Pili s
® ®
§ with the subscript i for the initial value. Using the subscript n for new value: §
Pat Pat
; Aq ;
¥ Gy=—— (1) (5
3 1 &
¢ A &
i Go= Q) :
’:‘ p212 ’:‘
gt Pat
§ A,=0.7 A ...(3) §
& &
$ L=141 ..(4) $
s Substitute (3) & (4) in equation (2). E§
(S 3
& 0.7A 0.7 A A K
§ G=————= —X——=05x—-1L=05G, §
:g p1X1.411 1.4 plll plll :i:
Oy
Pat Pat
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% Example 6: Most homes use solid copper wire having a diameter of 1.63 mm to provide §

¢ electrical distribution to outlets and light sockets. Determine the resistance of 75 meters of
el - - - - Pat
§ a solid copper wire having the above diameter. ;§
% Solution: $
s We will first calculate the cross-sectional area of the wire. K
nd? _ mwx(1.63 x1073)? _ e o
& A= = =2.09 x107° m
I (1.723 x1078 0.m) x(75 m) _
& R=p— = S — = 0.619Q &
« A 2.09 x10 m «
0 &
() ()

% Example 7: Bus bars are bare solid conductors (usually rectangular) used to carry large %
* currents within buildings such as power generating stations, telephone exchanges, and :§
% large factories. Given a piece of aluminum bus bar as shown in Figure (1.6), determine the %

' . . &
% resistance between the ends of this bar at a temperature of 20°C. %
3 : %
& Solution: | K
§ The cross-sectional area is o = ;§
§ A = (150 mm)(6 mm) - ‘ E§
§ = (0.15 m)(g).OOG m) 4 e §
§ = 0.0009m 50 1y 5 .
$  =9.00X10*m T $
s The resistance between the ends of the bus bar is determined as ) - .
ol _ = m =
K R I (2.825 x107% 0.m) x(270 m) ctite 2 :
K P~ 9x10~4 m?2
$  =848X10°Q Figure (1.6): Conductor with
s = 8.48 mQ) rectangular cross section %
(S (5
& K3

% Example 8: A coil consists of 2000 turns of copper wire having a cross-sectional area of §
% 0.8 mm”. The mean length per turn is 80 cm and the resistivity of copper is 0.02 pQ-m. &
¢ Find the resistance of the coil and power absorbed by the coil when connected across 110 ¥

sV d.c. supply. R
¥ : s
% Solution: i
& Length of the coil, | = 0.8 x 2000 = 1600 m ; $
$ A=08mm°=08x10"°m’, :
$ no L o002 x107% 0.m) x (1600 m) i
§ Pa~ 08 x10=6 m?2 $
§ =400 $

% Power absorbed = V2 /R = 110%40 = 302.5 W

=
R A
ot A
< H <
% Figure (1.7) &
! al
s A s
() oy ()
(3 <(10)=> (3
() LFA %

*’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’A’X’X’X’X’X’X’X’X"X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘



P‘0XOXOXQXQXQXQXQXQXQXQXQX’X’XOXOXOXOXOXOXOXOXOXOXQXQXQXOXOXOXOXOXOXOXOXOXQXQXQXQXQXQXQXQXQX’X’XOXOXOXOXOXO}>XOXQXQXQXQXQXQXOXOXOXOXOXOXQXQXQXQXQXQXQXQXQX’X’X’XQXOXOXOXOXOXOXQXQXQX"4
Pat Pat

(2 ()
¢ | University of Diyala Electrical Engineering Fundamentals (J%
% [l Engineering College 1st Class

S ||| Electronic Department Year (2013-2014) Asst., Lecturer : Wisam N. AL-Obaidi

s

§ Example 9: (a) A rectangular carbon block has dimensions 1.0 cm x 1.0 cm x 50 cm., §
§ (i) What is the resistance measured between the two square ends ? (i) between two §
§ opposing rectangular faces / Resistivity of carbon at 20°C is 3.5 x 10> Q-m. E§

% (b) A current of 5 A exists in a 10-Q resistance for 4 minutes (i) how many coulombs and ¥
¢ (11) how many electrons pass through any section of the resistor in this time ? Charge of ¥

% the electron = 1.6 x 10 ° C. §
% Solution: ‘
s (@) () S
§ A=1x1=1cm°=10"m";1=05m s
& I (3.5%x107° 2.m) x(0.5m) ¢
3 o
:.: o - = — = =0, :‘:
: “R R=p 0T 201759 :
& (i) I=1cm; A=1x50=50cm"=5x10"m 8
& -5 -2 K
- 3.5 x10 7> 2.m) x(10 ™ m B (]
S R=" _3) (2 ) =7x10%0 K
& 5x10 m X
3§ &
X ) K
§ (b) (_l_) Q=1It=5x(4x60) = 1200152 i §
% (il)n=Q/e=1200/(1.6 x 10~) =75 x 10 i
(S &
S &
S (3
S (3
S (3
* &
* &
3 ®

% Example 10: The resistivity of a ferric-chromium-aluminium alloy is 51 x 10° Q-m. A §

% sheet of the material is 15 cm long, 6 cm wide and 0.014 cm thick. Determine resistance §
between (a) opposite ends and (b) opposite sides.
& Solution: R\ $
% (a) Asseen from Figure (1.8)(a) in this case, 7P N\ R
¢ |=15cm=0.15cm — AL \ K
,.‘ 2 —4 2 / 15¢cm —— —— ,.‘
s A= 6 x 0.014=0.084 cm“=10.084 x 10 " m V/4 . $
§ (51 x1078 2.m) x(0.15 m) e \ §
Eg 008‘_13)( 10~*  m? 0.014 cm Eg
§ =91x107Q @ ® i
(Y (y
§ (b) As seen from Figure (1.8)(b) here Figure (1.8) E§
¢ 1=0.014cm=14x10"m $
§ A=15x6=90cm’=9x10°m’ :
3 (51 x1078 2.m) x(14 x 10 ~>m) 10 s
¥ -~ R= — =793x10 ~ Q K3
(3 9x10-3 m?2 &
% &
% &
% &
b
K3 DA '
Pat Pat
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()

() o
§ FIXED RESISTORS §
% A fixed resistor is one that has a single value of resistance which %
K s
% remains constant under normal conditions. The two main types of &
"al . . .. . . 8!
s fixed resistors are carbon-composition and wire-wound resistors. &
@ Figure (1.9) &
§ VARIABLE RESISTORS
& Variable resistors are used a R R K3
K3 e A b A K3
%« to vary or change the o TR B (S
3 . : ) o : P A
& amount of resistance in a ===t 4 _/\2/\,_.: 1—«/}}/&—— —M—o .
% circuit. Variable resistors K
s are called potentiometers ¢ .
% or rheostats. @ (b) © (@ :
K9 Figure (1.10) &
o o
K '
i Color Coding of Resistors $
K s

% Large resistors such as the wire-wound resistors or the ceramic-encased power resistors ¥
¥ have their resistor values and tolerances printed on their cases. Smaller resistors, whether
% constructed of a molded carbon composition or a metal film, may be too small to have %
% their values printed on the component. Instead, these smaller resistors are usually covered ¥
% by an epoxy or similar insulating coating over which several colored bands are printed ¥

S radially as shown in Figure below. §
(S (s
(S (S

% The colored bands provide a quickly recognizable code for determining the value of
% resistance, the tolerance (in percentage), and occasionally the expected reliability of the %
& resistor. The colored bands are always read from left to right, left being defined as the side ¥

() O
Pat Pat
() H . H O
% of the resistor with the band nearest to it. '
* A o ) *
* \ *
* ; : ) *
& : &
K9 *
* ~ K9
o o
S S
R | I 8
S - S
Pat Pat
K9 *
* K9
* K9
Pat Pat
* &
* &
K Fiest hand ‘ (S
::j st band (s) Second band (b)  Multiplier (¢) Tolerance (d) Reliability E::
Pat (
e ®
Pat Pal
() i . ; (
Figure (1.11): Color code resistor
ot ag
ot Yag
& ]
&t el
ot A
ot &
O ®
Pat Pat
O (O
(0 HAg (0
o <(12)> ()
& oA &
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. .
§ The first two bands represent the first and second digits of the resistance value. The third §
§ band is called the multiplier band and represents the number of zeros following the first §
§ two digits; it is usually given as a power of ten. K

% The fourth band indicates the tolerance of the resistor, and the fifth band (if present) is an ¥
% indication of the expected reliability of the component. The reliability is a statistical
% Indication of the expected number of components which will no longer have the indicated
% resistance value after 1000 hours of use. For example, if a particular resistor has a
% reliability of 1% it is expected that after 1000 hours of use, no more than one resistor in ¥

§ 100 is likely to be outside the specified range of resistance as indicated in the first four :
% bands of the color codes. &
. . . . . S
K Color band resistor can be evaluated using the following relation, K
(S s
$ | Roor =abx 10°+ d ;
* color = @l X T S
et P.i
& i i (3
% Table (1.6) shows the colors of the various bands and the corresponding values. &
& §
K9 : ;
§ Table (1.6): Resistor Color Code §
& '
& Band 1 Band 2 Band 3 Band 4 Band 5 E::
:s: Color Sig. Fig.  Sig. Fig. Multiplier Tolerance  Reliability ;i;
K Black 0 10° = | $
& Brown l I 10' =10 1% &
& Red 2 2 10° = 100 0.1% K3
;§j Orange 3 3 10° = 1 000 0.01% ?
¥ Yellow 4 4 10* = 10000 0.001% K3
§ Green 5 5 10° = 100 000 §
K3 Blue 6 6 10° = 1 000 000 ¥
$ Violet 7 7 107 = 10 000 000 s
I? Gray 8 8 :g
& White 9 9 s
s Gold 0.1 5% §
& Silver 0.01 10% R
:? No color 20% ;gj
K3 (S
& (S
& (S
& (s
& (s
K3 (S
& (s
& '
x &
x &
A A
S GAg ¥
% < (= (3
2 54 (3
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:

§ Example 11: Determine the resistance of a carbon film resistor having the color codes §
% shown in Figure (1.12). E§
§ Solution: ;§
% From Table (1.6), we see that the resistor will have a value determined as, K
§  Reoior = b x 10° + d .
=18 x 10° + 5%
= 18 kQ + (0.05 x 18 kQ)
K = 18kQ+(0.9kQ)  with areliability of 0.1% K
¢ ~ R=18+09=189kQ s
$ Or R=18-0.9=17.1kQ &

& This specification indicates that the resistance will fall between 17.1 kQ and 18.9 kQ. »§
% After 1000 hours, we would expect that no more than 1 resistor in 2000 would fall outside %

Pat Pat
(3 oF (2
% the specified range. (5
(S *
% (-
o
gt P.i
M Pat
% (
o
hat Pat
et P.i
(S k9
&
& &
() (4
\ o
K ' %
el Pat
() %
% L ¥ (4
() \ (-
& &
X o &
X &
o ~ kS
®
3 Vol (3
& \ X
K %
ot A
4 rat
. Red (0.1% reliability
8 ed (0.1% rehability) &
(D N . 2
< v . 8!
3 Gold (5% tolerance) &
el [~
% ol ®
s Orange (X 103) 3
"al N s
5 — Gray (8) 3
(3 7 (3
Pat — Pat
& Brown (1) &
Pat Pat
( (-
( (
( (
K : o
* Figure (1.12) K
[ Pat
% (-
% (-
% (-
(S *
% (-
(S *
(S *
% ()
() ()
% ®
(S &
() (-
() (4
() (4
() (4
() (4
X &
% &
% &
® ®
& 3
ot ’al
R (3
& (3
ot ’al
% 3
R (3
% 3
(3 &
O ®
Pat Pt
O ()
(S vAg ()
<C1afe- ;
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3 S
& y &
§ | pectute (2) Ohm'’s law :
el >.1
& &
& &
hal :.1
& Ohm’s law states that the voltage v across a resistor is directly proportional &
to the current i flowing through the resistor.
& Thatis,
Eg (1) Ei
Eg vVali E§3
§ Ohm defined the constant of proportionality for a resistor to be the resistance, R. (The §

% resistance is a material property which can change if the internal or external conditions of

P . ) 8!
:§: the element are altered, e.g., if there are changes in the temperature.) Thus, Eq. (1) :§
Pat Pat
s becomes 8
3§ : 2 5
s v=1IR -(2) s
s (S
8 The resistance R of an element denotes its ability to resist the flow of ¥
§ electric current; it is measured in ohms (Q). '§
& - i &
K V=IR K
& &
* *
& &
& K3
K3 K3
& &
% 03
E? V . . _V Eg
$ R=- R | 1== $
(S (S
et P.i
& : i &
(S Figure (2.1): Ohm's law triangle '
et >.1
% Example 1: an electric conductor draws 2 A at 120 V. Find the resistance. &
4% Solution: s
, vV 120
K FromOhmsIaW,R=T=T =60 Q kS
2 < = (2
(3 oA 2
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gt Pat
¢ Nodes, Branches, and Loops 8
& = (S
s | A branch represents a single element such as a voltage source or a resistor. .
hal Pat
% | A node is the point of connection between two or more branches. &
% | Aloop is any closed path in a circuit. s
§ A network with (b) branches, (n) nodes, and (l) independent loops will satisfy the §
% fundamental theorem of network topology: ¥
K b
(3 *
8 b=l+n-1 8
(S *
K3 (S
(S *
::: a 50 b o :::
& ‘ 9 '«
& o , %
% Y = R g 2 Q2 s — %
€ 1W0Vio) 20 = 3Q (1) 2a e s 30% @) 2a E:}
(3 a = "-.. ’ (3
:E: = 7:-.»7__»“77-- ¥ //“'_, 5 S :§:
::: s ‘f - ’ 10V R . ::j
% Figure (2.2)(a): Nodes, branches and loops Figure (2.2)(b): The three nodes circuit of
R Figure (2.2)(a) is redrawn. s
(s (S
& &
§ Example 2: Determine the number of branches and nodes in the circuit shown below. §
% Solution: &
o *
::j 5Q :::
% Independent loops (1) = 2. ;
§ Number of nodes (n) = 3. B 2 n §
% b=1+n-1=2+3-1=4 branches sa (1)2: 8
(S k9
el = Pat
@ Figure (2.3) K
S &
S &
S &
% &
% &
% &

Pat Pat
0O o= 0O
Pat Pat
O < > O
:‘: ‘ :.:
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()

Pat . . Pat
¢ Planar & non-planar Circuits ¢
) B (3
¢ Planar circuits—that is, those circuits that can be drawn on a plane with no crossing %
9 3
9 (3

% branches. A circuit that is drawn with crossing branches still is considered planar if it can ¥
% be redrawn with no crossover branches. For example, the circuit shown in Figure (2.4) ()

% can be redrawn as Figure (2.4) (b); the circuits are equivalent because all the node

§ connections have been maintained. Therefore, Figure (2.4) (a) is a planar circuit because it §
& can be redrawn as one. :
Pat "

& A non-planar circuit—it cannot be redrawn in such a way that all the node connections ¥

3 <
& (3
s <
& (3
ot - - - - o
§ are maintained and no branches overlap as shown in Figure (2.5). §
K3 '
K3 '
s . . . . !
§ Note:- The node-voltage method is applicable to both planar and non-planar circuits, ;§
K3 s
S o - (S
¢ | whereas the mesh-current method is limited to planar circuits. R
K3 3
8 b4
8 b4
* &
* &
x &
% &
% &
x &
% %
(S &
(S *
(S *
(S *
3 <
(S &
(S &
(S *
(S *
(S *
(S *
(S &
(S &
(S &
(S &
(S K9
& (3
Ko '
& (3
& (3
K3 '
& (3
& (3
K3 '
s (b) %
8 b4
% . . . . . o
K (a)A planar circuit (b) The same circuit Figure (2.5) g
8 redrawn to verify that it is a planar &
& Figure (2.4) 3
& (S
Pat Pt
::} Ay ;:1
" < = o
2 oA (3
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() o
I‘I . . (S
% Series and Parallel Resistances $
S (S
§ Two or more elements are in series if they exclusively share a single node &
(S s
% | and consequently carry the same current. K
% | Two or more elements are in parallel if they are connected to the same two &
% | nodes and consequently have the same voltage across them. &
(S (s
(S (S
(S (S
(S (S
¢ Table (2.1) $
§ NO. Series Circuit Parallel Circuit §
& | 1 | The connection is as shown The connection is as shown K
(3 3
E‘i w—l'b-—/\/\;t/‘\f——o E:i
$ R, R, R, $
e A AH—O-T ANN—0-=---- o AN, (3
::: l I W 4T_’Lz lesz\/ E:‘
3 3
::: (Current remains same through all resistances) - - - E::
:§: J 1 R :?
(S o o (S
K9 b S K9
ot I'I'- t v
:g Vv (Voltage remains same :2:
:;: across all resistances) :;:
« - I
(s ‘ llt— (S
s I ¥ s
(D ®
& v &
* _ *
§ 2 | The same current flows through each The same voltage exists across all the §
Pat - - - Pat
§ resistance. resistances in parallel. §
§ |=|1=|2:...:In V=V1=V2:...:Vn E:i
& |3 | The voltage across each resistance is The current through each resistance is K
Pat - - Pat
. different. different. 8
§ 4 | The sum of the voltages across all the The sum of the currents through all the §
R resistances is the supply voltage. resistances is the supply current. R
R V=Vi+V,+..+V, =l +L+... +], s
Pat - - - - - - Pat
§ 5 | The equivalent resistance is, The equivalent resistance is, §
Eg Req:R1+R2+...+Rn L:L+L+...+i Eg
(5 R Ry R R K2
(3 eq 1 2 n (S
K9 - - - - - . &
% | 6 | The equivalent resistance is the largest The equivalent resistance is the smaller | %
than each of the resistances in series. than the smallest of all the resistances in | %
:g Req > Rl, Req > R2 ceey Req > Rn para”el. :g
X A &
X VoY &
sy
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¢ Series and Parallel Conductances 8
& 1 1 1 1 &
::: Geq_ !Gl:—lGZ=_9' Dan_ :::
:;: Req R1 Rz Rn :;:
s Table (2.2) &
(S (S
s | NO. Series Circuit Parallel Circuit K
% | 1 | The connection is as shown The connection is as shown &
Pat Pat
. Gy G, Gn K
::: J\'v"‘\"“"v".y'v’_.'F"\"“‘v""\v"."v‘_'. """ oA, :::
' : l
K9 K9
::j ( Current Remains Same Through All Conductances ) :::
:§: 4 - v :g
el » Pat
>:< | ( Voltage remains same »:q
::: - : i across all conductances) :::
[ - R
& 7 X ' &
v v
& [ 2 | The same current flows through each The same voltage exists across all the &
R conductance. conductances in parallel. K
:i: |:|1:|2:...:In V:V]_:Vz:...:Vn :g

% | 3 | The voltage across each conductance is The current through each conductance is | %

% different. different. &
& | 4 | The sum of the voltages across all the The sum of the currents through all the | %
Pat - - Pat
§ conductances is the supply voltage. conductances is the supply current. §
¥ V=V +V,+..+V =l +1,+... +1 &
::‘ _ 1 2 coe _ n _ 1 2 cee -n %
& | 5 | The equivalent conductance is, The equivalent conductance is, R
$ - ;
:?: 1 :L+i+.”+i Geq—Gl'l'GZ_I'u-"_Gn %
::: G'eq Gl GZ G'n :::
e - - - - (Y
% | 6 | Theequivalent conductance is the smaller | The equivalent conductance is the R
§ than the smallest of all the conductances | largest than each of the conductances in ;§
§ in parallel. series. E§
Eg Geq>G1, Geq >G2..., Geq>Gn Eg
X A &
X VoY &
Oy
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3

e

& Example 3: Find the equivalent resistance between the two points A & B. (3
Pat - Pat
¢ Solution: 30 .
% The resistances of 5Q and 6 Q are in series (as s | il | &
& AN AN &
% carry the same current). 44 S
() 10 (3
% So equivalent resistance is 5+6 = 11 Q AT 50 60 8 %
= ANV AN ° =
% While resistances 3 Q, 4 Q, and 4 Q are in parallel A s
§ (as voltage across them same but current divides). Figure (2.6)(a) §
% '
K 1 1, 1,1 10 3
% .~ Equivalent resistanceis, —= -4+ —+ - = — &
§ RT3 T iT $
L
K3 %
§ - R===12Q s
& 10 &
K3 (
K3 (]
3 (]
3 (]
3 (]
% Replacing these combinations and redraw the figure as shown in Figure (2.6)(b). (]
3 '
3 §
% Now agam 1.2Q and 2 Q are in series so equivalent K3
% resistance is 2+1.2=3.2 Q, while 11 Q and 7 Q are in 20 Setes 124 &
% parallel, AR 3
:g A 1 Qp r —Bs %:
O 1 1 18 77 _ §R82%7 K3
¢ —= —+ -= — ,~R=—-=4277Q T $
$ R 11 7 77 18 AALS &
::j Parallel :::
¢ Figure (2.6)(b) $
K3 K3
K3 K3
% Replacing the respective combinations redraw the circuit as shown in Figure (2.6)(c). &
K3 3
:§1 Now 3.2 Q and 4.277Q are i parallel. Parallel I§1
K3 (
§ _ 3.2x4.277 el $
§ R=———— = 1.8304Q A 1Q B X
Ky 3.244.277 o—AMAN— 3 e g o %
s = Rag=1+ 18304 = 2.8304Q YVVVT $
Figure (2.6)(c)
X A &
¥ SO ¥
X200
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% Example 4: Find the equivalent resistance between the two points &
$ A&B. $
§ Solution: i?
§ Redraw the circuit as shown in Figure (2.7)(b). §

62 41

S Figure 2.7) (@) %

A
(3 (3
(S (]
(3 (3
(] (3
(S (3
(S (S
S Ao AC S
(S (S
S (3
a! —— !
% - Paralle %
» 15Q 10Q |/ combinations »
(3 150 1002 / 0
() / K
K / (3
3 / (S
(3 c U . P (3
() o o
K3 K3
3 an &
et Pat
% 6 80 40 %
' (3
' (3
' (3
' (3
(S ° J (3
' e Be (S
3 %
% %
' . s
el el
s Figure (2.7) (b) s
(S (S
(S (S
(3 (S
R R
R R
X R
(3 Ao Ao X
(3 (3
% 15x 10 &
% = 22X 2 =60 (3
K3 15+10 K3
. K
. 3
3 . 3
Pat Pat
3 = = 150 S Rop=6424=840Q &
(S (S
(S (S
(S A (S
Pat Pat
& X__=24Q K3
' G+4 '
(3 (S
Pat o Pat
K B o B o %
gt P.i
gt Pat
gt = \{
o o
o Figure (2.7) (c) K
K3 '
K3 '
K3 '
K3 '
K3 '
K3 '
K3 '
el . —_— Pat
.:q o RAB =84 Q }:1
hal Pat
% %
(S (S
(3 (S
X R
(S (S
(S (S
at at
(3 (S
(3 (3
X at
X &
2 (S
rat ral
() (5
K VA &
(3 | o> (3
& SgA &
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¢ Short and Open Circuits &
) - (3
§ In the network simplification, short circuit or open circuit existing in the network plays an E§
% important role. &
% (i) Short Circuit

% When any two points in a network are joined directly to each other with a thick metallic ¥
% conducting wire, the two points are said to be short circuited. The resistance of such short %

§ circuit is zero. §
>0: . . . - A ll" 3 : :‘:
E& The part of the network, which is short circuited A S - ¥
(R . . . , ()
% is shown in the Figure (2.8). The points A and Thick . &
(S ; ; ; conducting—| R,. =0 Vag =0 1 Network (S
¢ B are short circuited. The resistance of the ' 1 Envope
:§ branch AB is R.. = 0Q. : l ; E§
§ The current |55 is flowing through the short 13 2RI Eg
& circuited path. Figure (2.8) &
() o
S (S
S (S
& According to Ohm's law, Vag=Rse X Iag=0X lag =0V R
(3 3
§ Note:- Thus, voltage across short circuit is always zero although current flows through E§
¢ | the short circuited path. .
%1 (ii) Open Circuit %1
(s (s
(S (s

% When there is no connection between the two points of a network, having some voltage
% across the two points then the two points are said to be open circuited. As there is no direct

§ connection in an open circuit, the resistance of the open circuit is oo. §
K The part of the network which is open circuited is shown in the Figure (2.9). The points A K
" : L : : o
% and Baresaid to be open circuited. The resistance of the branch AB is Roc = o0 Q K
() ()
'§ There exists a voltage across the points AB called open s R, R ase :§
gt - - - %
§ circuit voltage, Vag but Ry =0 Q. 1e AW ; §
K3 1=0 | (S
& 14 14 Open } ! K
- : AB _ VAB R, + Notwor
% According to Ohm's law, loc=—=—">=0A arcuit 2 pivotyor o
. Roc : ¥
& o '«
S B- i (<
BELE
K : 03
( Figure (2.9) %
& | Note:- Thus, current through open circuit is always zero through there exist a voltage &
% | across open circuit terminals.
3 vAg ¥
(3 < [ (3
2 oA (3
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gt . . Pat
¢ Redundant Branches and Combinations 8
& _ &
& The redundant means excessive and unwanted. .
i i
i %

% | Note: If in a circuit there are branches or combinations of elements which do not carry | %
% | any current then such branches and combinations are called redundant from circuit point | ¥

Pat Pat
% | of view. (5
Al Pl
a a
M P

% The redundant branches and combinations can be removed and these branches do not X%

(S o (S
% affect the performance of the circuit. R
% The two important situations of redundancy which may exist in practical circuits are, &
() ()
% Situation 1 : Any branch or combination across which there exists a short circuit, :
% becomes redundant as it does not carry any current. &
(3 3
% To understand this, consider the combination of resistances and a short circuit as shown in Eﬁ
() o
ot R ]
& the Figure (2.10) (a) & (b). .
el Pat
(S (S
(S (S
(S R (s
! 1 2 A > K3
& l BranchAB ¥
3 is redundant ¢
§ + 1=0 E:i
;§: VS Short :§:
Pat —> Pat
3 Ry s
& K3
$ R.. is redundont No current x ¥
5 isr n {]
E:; 3 through R, B \ No current E:;
& K3
& through R, and R, 3
(S (S
S (S
'8 (S
o a b &
: (a) _ (b) i
R Figure (2.10) R
K9 K9
K9 K9
K9 Ko
K9 Ko
K9 Ko
K9 K9
K9 K9
K9 K9
® (2

% In Figure (2.10) (a), there is short circuit across R;. The current always prefers low
% resistance path hence entire current | passes through short circuit and hence resistance R; %

% becomes redundant from the circuit point of view. K
2 < = (2
(3 54 2
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§ In Figure (2.10) (b), there is short circuit across combination of R; and R4. The entire
§ current flows through short circuit across R; and R, and no current can flow through

% combination of R; and R,. Thus that combination becomes meaningless from the circuit
% point of view. Such combinations can be eliminated while analyzing the circuit.

% Situation 2 : If there is open circuit in a branch or combination, it can not carry any
% current and becomes redundant.

% InFigure (2.11) as there exists open circuit in branch BC, the branch BC and CD cannot

(O
Pat Pat
(3 - ; ; (3
¥ carry any current and arc become redundant from circuit point of view. (S
* *
¥ &
¥ &
¥ Redundant (3
»e (S
S branches (S
g &
& &
& &
& &
& &
& &
& &
& %
& &
& &
& &
& &
& &
& &
& &
& &
& &
K Q
ol ’al
l al
l al
(3 i (3
3 Figure (2.11) X
(3 (3
Pat Pat
& &
3 &
& ¥
¥ ¥
& ¥
& ¥
¥ &
& *
¥ *
* *
& *
* *
* &
& &
& &
& &
& &
& &
& &
& &
& &
g &
& &
& &
& &
& &
& &
& &
& &
& &
& &
& &
& &
& &
Q Q
&l sl
l al
ot ag
S al
l al
ot A
l al
l al
ot A
¢ Pat
o °
"al ral
() ()
¥ Vi ¥
A <(24)> &
& oSG g
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; P

s A
¢ Voltage Division in Series Circuit Resistors &
$ 0 L=l =1 8
:? T=h=1 , Ry R; :§:

% 2-Rr=R,;+R, AW A~ 8
$ 3 Vr=Vi+V, 3
V=IR (Ohm's law) v(®
“Vr= R+ kR, = 11 (R + Ry)

oV
* L B : *
¥ Ri+R; Figure (2.12) 8
§ SO
8 S
5 v R §
S _ _ T _ 1 S
V1= IR = () Ry = (=) Vs
X Ri+R> R1+ Ry X
S S
S S
3 Similarly %
S S
S 8
8 Vr R, 3
§ V=R, = ¢ )R2 = ) V1 §
.:q R1+ Rz R1+ RZ }:1
' S
' S
S '
S S
S S
8 o o 0 .

% Example 4: Find the voltage across the three resistances shown in Figure (2.13).
& Solution: R, R, R, &
K3 v 60 AN AV A, K2
;:1 | = T _ - 1A 10Q 2002 300 ;:1
& Ri+ R,+R 10+20+30 ' &
p‘ 1 2 3 %
s Vo X Rq 3
% Va=LR;= =1x 10 =10V ) K
(3 Ri1+ R+ R3 X
:.: 60V :.:
& &
3 Vr XRy : b
¥ Veo=LR,= =1 x 20 =20V Figure (2.13) *
* *
(3 Ri1+ Ry+R3 (3
(3 Vr XR3 (3
% Vegs=LR3= =1 x 30 =30V '
Pat R3 3 Pat
,:q R1+ R2+ R3 %
S S
' S
S (S
S (S
S (S
S S
& ]
ol ’al
ot Yag
ot YA
ot ’al
ot A
ot &
>x< s
[ |
() k)
(2 A (2
& h~ 4 (2
O O
s xSy s
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gt . ¢« o . . . . Pat
¢ Current Division in Parallel Circuit Resistors &
Pat Pat
:i: 1- VT = V]_ = VZ :g:
K 1 1 1 &
% — I 3
P2 st o * '
:z: RT Rl R2 = | | :::
o = RiRz d
— 5 o + R R
$ T R{+R, v -> 1 2 i
§ 3- It =1+l §
' 1 == (Ohm's law) Figure (2.14) %
(] Y v 1 1 R+ R, ¥
$ alp=— 4+ =(— + V= ( $
* R+« R *
* T *
% R1+ R2 %
Pat Pat
; _V [, RiRy 11 Ry .
[ A N =)
::: Rl B R1+ Rz i R1 R1+ RZ :i:
e e L el
$ "R, L Ry+Ry, 7 TIR, “Ry+R, 7T $
8 (S
8 (S
8 (S
(S (S
g Example 5: Find the I, 1; & 1,. If R;=10Q,R,=20Q &V =50 V. g
(S S (S
3 Solution: s
E: The equivalent resistance of two is, E:
. Ry xRy, 10 x20 6670 s K
8 = = = 0. 8
¢ "7 Ry+R, 10420 1 :
- \Y4 50 I L, X
() 1 2 ()
¥ ly=—=—-=75A R &
$ | Req 6.67 = $
P . . . . R, R 4
§ The current distribution in parallel branches are, ' s §
S S
S S
5 S
' R, 20 _ '
¢ L=I(—— )=75x(—— )=5A Figure (2.15 %
l, = IT(R—1 ) =7.5 X (L )=2.5A (Notethat, I =l; +1, or 7.5 =5+ 2.5)
Ri+R; 10420
O (O
e

al nal
& SgA &
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s If the resistors are neither series nor parallel then either star (some times called Wye (Y)
% ortee (T)) connected or delta (A) ( sometimes called pi(m))connected).

& Delta — Star (A-Y)

Star — Delta (Y-A)

R

R

N 177
\I/

RbRc

8 '7R,+ Ry +R,

R.

&
_ R1R2+ R2R3+ R3R1
= R,

3 R2

R¢Ra

K " Ry+ Rp+R,

b

_R1Rp+ RyR3+R3Ry
= R,

rat R3

RaRb

& " R,+ Rp+R,

c

_R4R+R3R3+ R3Ry
= R

% Solution:
::: RbRc

Pat -

10 x5

% ' R,+Rp+R,

al RC Ra

= =1.67 Q

5+10+15

15 %10 B

" R2:
S Ra+ Rb+RC

>.1
K3 _ Ra Rb

5+10+15

5 x15

Pat R —
% T R,+Rp+R,

5+104+15

250

Ay
<@>

s Example 6: convert the given delta in Figure (2.16) to star.

512 1042

150

Figure (2.16)

1

1074

Figure (2.17)
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% Example 7: convert the given star in Figure (2.18) to delta. &
& : §
% Solution: 1670 &
:s: R1R2+ R2R3+ R3R1 1.67 X5 +5 x2.5 + 2.5 x1.67 s :i:
% R,= = =10Q 250 50 *
RiRy+RyR3+ R3R;  1.67 X5+ 5 x2.5 + 2.5 X1.67 _
§ R,= = =15Q Figure (2.18)
% R1 1.67 %
i) 1 A
::: _ R1R2+ R2R3+ R3R1 _ 1.67 X5+ 5 %x2.5 + 2.5 x1.67 _ :::
':‘ Ra - - - 5 Q 542 10402 %
(3 Ry 5 (3
% / %
3 K3
8 A, 8
3 3 5 2.
& 1502 &
R Figure (2.19) K
(] (]
gt P.i
% Example 8: determine the resistance between the terminals X & Y for :
& S A &
% the circuit shown in Figure (2.20). ' K
(3 . $ . (3
¢ Solution: e $
& Converting inner delta to star, | % s
K _ 3 X3 A R
% Eachresistance=——>—=1Q 8 W kS
K 3+3+3 [A8 ressstances i ohm) (3
& &
§ Figure (2.20) §
3 &
3 3
3 &
3 &
\{ Pat
3 K3
K3 K3
K3 K3
K3 K3
3 K
3 K3
& .. ) 3
% Converting inner star to delta. Figure (2.21) §
R _ _ 2 X2 + 2X2 + 2X2 Paratel K
s Each resistance is = =6Q combnatons S
§ All three parallel combinations, ;§
i 5l16= 22 = 27272 Q :
Figure (2.22)
¥ A (2
<o

>.1

5 DVQ
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Pat Pat
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o

Ko =N : 5.4545¢) K2
:? Seties o . Parallel E?}
% 2.7272 7272 %
K9 K9
& ' 8
X YW Bt :‘1
§ 2.7272 2.7272Q ’§
$ X Y X a—— — Y &
s Figure (2.23) s
(S (S
(S (S
8 Rxy=05.4545|2.7272=1.8181 Q ¥
s s
& Example 9: Calculate the equivalent resistance between the terminals A and B in the 8
et - - Pat
¢ network shown in Figure (2.24)(a). (]
% Solution: K
§ The given circuit can be redrawn as shown in Figure (2.24)(b). :§
hal - - - - - - - Pat
§ Convert the delta BCD is to its equivalent star, the circuit becomes as shown in Figure ;§
el Pat
§ (2.24)(c). §
::: R _ RBD RBC _ 10 x10 _ 10 0O=R -R :::
(S = = =—Q= = (S
i ®N " Rgp+Rpc +Rcg 10+ 10410 3 N ON :
(S (s
S (s
10 10 10
(D ®
S 4 10 ~ 10 | 10 B 4 10 < 10 4| 10 ¢ s
::: O . W . /\M,\t‘_‘[‘)— N O Cr——- 'V\M —— MN\ D O—1— ey [) :::
& Y &
§ l §1o %10 o3 4 /1073 §
3 10 | | 21073 %
% " B _— K
::: (a) (b) (c) Bo :::
s Figure (2.24) Eg
(3 3
'8 (S
:? . 03 Q :?
s As seen, there are two parallel paths between points A and _ AMA- s
% N (as shown in Figure (2.25)), each having a resistance of &
et .1

€ (10+ 10/3) = 40/3 Q. 4 | i » .

s 40 _ 40 " N .
& - X5 ' &
b : : : : 3 © 3 103 K
% Their combined resistance is, 20 40 =20/3 Q.
3 3 B!
& Hence, Rag=(20/3) + 10/3 =10 Q. Figure (2.25)
X A &
& oY &
ey
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Pat Pat
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s Il Engineering College 1st Class (]
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% Example 10: Calculate the current flowing through the 10 Q resistor of Figure (2.26) by %
% using star-delta transformation. §
el - Pat
s Solution: 1 .
% The equivalent resistance between point A & B is b | E:
§ (8+4=120Q) A :
(2 . . . . 8 74 30 217 %
% The equivalent resistance between point F & E is P 7 g » (3
§ (17413 =30Q). < B w1 M
% The circuit is redrawn as shown in Figure (2.27 N ) v 8
& gure (2.27) ,Z’Z- Slz 30% By
$ d 10 |3 .
* W *
K3 K3
0 Figure (2.26) 3
. . . o [ *
« It will be seen that there are two deltas in the circuit 3oV :§
% i.e. ABC and DEF. They have been converted into |F §
% their equivalent stars as shown in Figure (2.28). 30 4 K
hal o3 .:
s . 12 B 34 p/ 230 3
« Each arm of the delta ABC has a resistance of 12 Q "W W—= ;§;
% and each arm of the equivalent star has a resistance 4, S Y K2
% of 40 127 12 30 2 3
s 0 . < (]
w q 10 E >:<
% Similarly, each arm of the delta DEF has a resistance e K
& 0f 30 Q and the equivalent star has a resistance of 10 Q perarm. ~ Figure (2.27) *
(] (]
% The total circuit resistance between A and F =4 + 48 || 24 + 10 = 30 Q. :§:
Pat Pat
% Hence | = 180/30 = 6 A. %
:0‘ - ‘! F :&
& . _ 6A 180 V (3
% Current through 10 Q resistor as given by &
& current-divider rule = 6 x 48/(48 + 24) = 4 A. I0§ 8
gt >.1
& 4 4 34 10 oo & %
K3 A A — A —o— A AN, (3
§ ‘ B i 3
3 24 102 :
K 4a 10 &
S " W— E §
g Figure (2.28) ’;
% | Note:- for converting equal values resistors from delta to star or from star to delta, then the §
& | equivalent resistors are equals.
X A &
& S &
sy
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o
$ dftome Works

Pat
9,
Pat
¥
Pat
o,
Pat
¥
Pat
o
Pat
¥
Pat
¥
P.i
Pat
¥
Pat
Pat
o
Pat
¥
Pat
e
Pat
¥
®
«

Pat

(3

% . : : : N %
:§: H.W.(1):- Find the current in the 17 Q resistor in the network shown in Figure (2.29) by
% using (a) star/delta conversion. [10/3A] %
K 4 41 15 g s
(3 AN —— AW\ M\-—e 3
X A
o A
w < < < = =
K 32 6= 152 42 &
(2 S S ()
(3 (3
s A ¢—AWD AW AW K
3 6 17 11 3
% <115V .
(3 . (S
% Figure (2.29) &
0 (3
(3 (3
e . R R R ; ()
§ H.W.(2):- Determine the resistance between points A and B in the network of Figure E§
$ (2.30). [4.23 Q]
K 6 4 &
(3 (3
s | 3 5 (3
8 =s J s
$ T , S 4= $
(S (]
( (]
K3 5B ¢
% Figure (2.30) %
K (d
( (
( (
( (

% H.W.(3):- Find the current and power supplied by the 40V source in the circuit shown in %
& Figure (2.31). [0.5A, 20W] %
()

o
Pat Pat
' (3
) W (3
Pat Pat
X 50 K
) 3
3 3
(3 (3
(3 (3
i s (S
rat T2 ot
K OV _—_ kS
3 i 3
3 = 3
3 3
3 3
) )
3 3
) 3
&l &l

K9 Figure (2.31) K9

§ vhy §
(2 < = (2
2 g &
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3

K . . . . . . . K
% H.W.(4):- Find the equivalent resistance between the terminals a & b in the circuits shown %

% in Figure (2.32)@) to (K). 8

el

(3 140) 300 (3
S &
S (3
8 o
2 (3
a el
:g: 40 :g:
() O
S X
:3: a0 :::
s .
s .
s .
(3 \ 8
% (b) [
8 .
K .
s 1341 s
8 i
8 .
8 .
8 .
8 %
8 %
¥ ¥
¥ ¥
¥ ¥
¥ ¥
¥ ¥
¥ ¥
& b (3
¥ ¥
3 9kQ 9 k(1 K
et Pat
$ (d) K
3 &
K &
s &
% 1Q a
K - . AANA K
>.1 o 1.4 W ,.‘
3 » I
:.: < ) 1 Q 1Q 2Q :0:
& o <"| 7 @ 3 x 2Q o 1 &
& B ¥ SR e | 1 ) 1 O
K Rl N | s L 7 z ¥
X 2 NS .' 2
e 12 K3
¥ 2. b — B ' x
% 8 1412 W AWV w1 X
* e T 1Q 10 (S
¥ S &
! @ ol P X
‘: 1.5 < ™. a, o :‘:
> - 1 - 1 K

(S da 1Q 8 bl ek
3 .
3 .
2 (>
¥ (f) (9) (h) ¥
3 i
s .
3 .
* ¢ (3
K iy 109 o
’.‘ A . VWA . RSP O 9 . P.1
! % WA !
% Y, 04 - 1600 - 2 &
>:< 4 L “Ia Gray Brown Orange %
Ky b & 4 Ry Red Black White (3
X A® . <Na <600 8 G " Red Orange < Orange &
K W 1 9.8 Gold Gold Gold ¥
(S N 00" 104 M s00 (3
K3 . 2 o AN | e
% B : : W\ o | s (s
" &
2 (3
el ;.q

& _ _ &
(i) () K
8 Figure (2.32) K3

$  [Answer: ()64, (b)300, (¢)20Q, (d)10 KO, ()33, (H2Q, (2)0.168Q, (h)1.034Q, () 3§
% 40, (j)50Q]
g = ¥
X - - i
3 £ '
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03
& &
(3 = . . - &
% H.W.(5):- Find the equivalent resistance as seen from voltage or current sources in the &
O . . B . - O
& circuits shown in Figure (2.33) from (a) to (j). (3
el Pat
9 (3
»a 2 X
K 100 Sk K
% S
Pal ’al
(< (S
Pt Pat
% 2500 &
& I ° . & W\~ a
>'< ) >'<
A : A
% 60V Yk ISk 600 (!$ 20002 02A 300822 15092 =
el < Pal
« @ ¥
(3 | (3
¥ . . . o « . ¥
& &
& (b) (c) 3
' (3
3 (3
3 (3
3 (3
¥ §
K3 90 (S
@ ] %
& ! = (3
(S | N, 50 05
8! 7 st
K3 1 3750 L 6 8
K3 k0 sm§ | &
(3 200 mV | Y &
Y 450 o K
& —AW— * : &
i §
% 3mA(}) 10k K03 S00 1.2k X
>.: ’ 40 :.:
>
8 (5
el Pat
X (d) 14402 3250 3
el el
'0‘ — A, & — '0‘
% S
a 120 o
% (S
% S
% S
& &
3 (3
(3 (3
(3 (3
(S (3
3 (]
¥ (3
" Ry 3
¥ 9
¥ (3
3 (3
¥ '
¥ 0 '
! 13 = (3
P 3 4 s00 ’at
(S Mo A a 150 2010 (3
(3 wo ‘ (3
’.‘ )1/ = ] ’.‘
e glon 20 s00 w00 s
& 4 %
%S . 100 02 !
' < '
3 ™ : (3
" Rl @ vanl 710 : in s
K %:un 200 ___sn (3
(2 N (2
K 400 NN S §oo o I
s he AN AN 6010 200 (3
:: 400 1 :.:
S
et h P.1
5
K K3

(h) (i ()

Figure (2.33)

"l "
" "l
"l a
"l a
"l al
"l al
" al
" Ay "
(<] (<]
% < = %
() LFA %
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() ()
% : : : : (
% H.W.(6):- Find the equivalent resistance between terminals (a) a & b (b) a &c (c) b& c, of %
& circuits shown in Figure (2.34). 8
& 300 &
§ ao AN ;§
% §
& i
(3 100 €2 3
ot A
$ § 50 Q) &
& 160 ) Ko
% %
(2 ()
% §
% '
* ‘ 8
Eg 40 Q Eﬁ
() . ()
K3 Figure (2.34) ¥
Pat Pat
>§ [Answer :Rab = 97.4(), Rac = 95.88Q), Rbc = 72.2Q)] ;§
( (
( (
Pat . . . . . . . . . Pat
& H.W.(7):- For the circuit in Figure (2.35 ), if i, = 5A then find vy, V,, is & iy. 8
Pat Pat
X 10 £2 X
(] (]
Pat (
Pat Pat
(3 10 € ‘ (3
& 10 () (3
8 10 () 10 ) &
ot A
$ Figure (2.35) $

¥ H.W.(8):- Find i, the circuit in Figure (2.36). $

Pat

() (2
Pat Pat
' '
' '
' '
' '
' '
' '
' '
' '
' '
Pat Pat
K 240V *
(S '
(S '
' '
(5 (5
' (5
' '
Pat Pat
K3 100 120 kS
' '

& Figure (2.36) s

Pat Pt
S ¥
¢ [Answer :l,=2.4 A] S
a el
Pl Pl
Pl Pl
a s
Pl Pl
Pl Pl
Pl Pl
< <
. A

Pat Pat
0O o= 0O
Pat Pat
g <(38)> &
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Pag . . . . I - . . )
% H.W.(9):- The current in the 12€Q resistor of the circuit in Figure (2.37) is 1A. Find the &
() o
& value of V. (3
' (3
& 20 O «
S AM %
9 (3
& &
& 120 &
ot Ya
ot A
ot A
X A
o A
k) ¢ &
(D 2 ®
(3 (3
(3 (3
(3 (3
(3 (3
& : &
s Figure (2.37) s
(3 . SP— (3
% H.W.(10):- Find I the circuit in Figure (2.38). (3
8 I 6 %
(3 (3
Ky - - AWA Ky
k) 1 K
' G- '8
(S o < (]
(] — 12V 43 ¥
= %
@ g ¥
() ™ K
(3 iy (3
'« Ay '«
& 2 &

: Figure (2.38) 4
% [Answer : 1 =6A] K2

Pt Pat
(D (2
K3 K3
& &
& &
(D 2
& (3

% H.W.(11):- Find | & I, the circuit in Figure (2.39). &

X
J
X

<

¥ o @
& N &
X (]
K3 180 K3
ral \ ’al
() ()
Pal g \ >
}.‘ " /\/\/\ [ >.:
3

( 200 100 (]
& Figure (2.39) &
& [Answer : 1 =2.013A, 11 =—499.3mA] &

ot &
% (<
< [
(S ¢S
Pal Pl
() O
» Ay (3
(S <(35)= (
(] 5 %
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P.i
(3 (3
(] . N 5
% H.W.(12):- In the circuit shown in Figure (2.40), calculate (a) current | (b) current I, and %
s - . (S
s (c) Vag. All resistances are in ohms. [Answer : (@) 4 A(b) 0.25A (c)4 V] %
K9 K9
X A %
K3 7\ d &g 16..% »
¥ 3 2 ol P :’:
a 2 " (3
::: -" 16 :;:
2 — Y %
t at
& Ko
8 Figure (2.40) 8
(S (S
P‘ﬂ Pat
(S (S
(S s
(S s
»at . . R . »at
& H.W.(13):- Determine the unknown resistors of Figure (2.41) given the fact that R, = 5R;
§ and R; = (1/2)R;. §
K3 K3
K3 K9
(3 3
"al Or— ) "l
(S '
'« Rr=2060 R § ) &
K9 K9
'0‘ 4 >.1
K9 o K9
R A
ot A
ot 2
K3 Figure (2.41) ¥
[ hal
& &
& *
(S (S
(S (S
(S (S
Pat - - Pat
s H.W.(14):- Determine R, for the network of Figure (2.42). K
(S (S
(S (S
(S (S
(S (S
Pat Pat
K3 K3
K9 K3
3 — K3
K9 . Ko
% Rr=100 R %
K9 ' K9
K9 Ko
(S '
(S s
S '
S o '8
ot 2
ot ag
ot Yag

& Figure (2.42) (3

@ Pl
. A
Pat Pat
(0 O
§ vAg §
(3 <(36)> (3
(3 DA (3
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s Source Transformation

% Consider a practical voltage source having internal resistance (Rs) as shown in Figure
% (2.43)(a), connected to load (R,).

®

&

% Now we can replace voltage source by equivalent current source as shown in Figure %
i (2.43)(0).
3 &
& &
3 (3
3 3
3 3

Ree

K | ’0‘
’0‘ ’0‘
(3 I I (3
(5 v i (5
’0‘ |=— ’0‘
K . - »
Pat

®v R Rse Ra SR
"l - !
() — (3
(3 . Rse = Rsh (3
& &
& &
() (3
hat P.i

(@)

8 &
® ®
(b)
¥ - ¥
8 Figure (2.43) 8
¥ ¥
¥ ¥
¥ ¥
¥ ¥
¥ ¥

% | Note: The two sources are said to be equivalent, if they supply equal load current to the | %

% | load, with same load resistance connected across it's terminals.
al al
% \4 %
(S - (3
% For (2.43)(), I , &
(3 Rse + R (3
3 3
$ R 5
sh
% For (2.43)(b) IL=IX——, Re=R &
K ) L 1 se sh %
(4 Rsh + Ry, (3
(S (S
¢ And I must be equal for both cases. %
o o
K &
& &
K3 &
K 8
& &
K3 &
& &
K3 &
& &
& &
& &
ot ’al
S (5
(5 (5
&t el
(5 (5
S (5
a "l
& X
. A
rat ral
() ()
K3 VAT K
at <‘@l> ()
3 g 3
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()

() o
% Directions of transformed sources, shown in Figure (2.44)(a), (b), (c) and (d). &
'8 (S
& —A\—o0 o AMMW— o %
S 5
(S '8
Eg v(:) = | § Ryq VC:) = | g R,, §
:g O o O o :%
* (a) I = - (b) I= &
:g I{E(‘ Rno :§:
(S (S
(s (S
::: R\h Rsn :::
3 o AMW—o o $
(S (S
K nQP g R = v(® 10) Ry, == V 4
(] o (]
::: o o Rl Le] :::
$ (€) V =1xRy, (d) V =I1xRg, $
'8 (S
% Figure (2.44) R
§ e Practical voltage source has internal resistance (Rs.) connected in series with source. §
¥ e Practical current source has internal resistance (Rg,) connected in parallel with %
K source.
& &
§ e \oltage source can be converted into equivalent current source (using Ohm's law) §
8 . S
* and vice versa. *
(s (s
§ e When convert source, you must take into account the polarity of sources. §
§ When converting voltage source to current source, the current source arrow is §
§ directed from —ve terminal to +ve terminal of voltage source. While converting §
§ current source to voltage source, polarities of voltage source is always +ve terminal §
gt - Pat
§ at top of current source arrow and —ve terminal at bottom of current source arrow. §
! ; . o
K3 e Source transformation also applies to dependent sources. R
& . . . &
3 e An ideal voltage source with R = 0 cannot be replaced by a finite current source. &
X : i .. 2
§ e An ideal current source with R = oo cannot be replaced by a finite voltage source. E§
(S '
(S s
S '
S '8
¥ A (2
X b4 &
sy
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% Example 9: transform the ideal voltage sources shown in Figure(2.45) to ideal current %
$ ;
& sources. Ko
3 3
& Q 6 20 &

6

§ 24V 12V 41,
& %
& a) | \ &
() (a) (D) (c) "
(3 (]
(S '
¥ Figure (2.45) ¥
K3 K3
K3 K3
K3 K3
K3 K3
s Solution: s
el Pat
K Vo 24 ¥
() @l=—=—=4A Rh=Rse=6Q (5
5 ’ S se o
(S Rge 6 Ko
K3 '
el Pat
S Vv 12 :::
& O)lI=—=—"=2A, Rux=R=6Q K3
K9 Ree 6 K9
K9 S
v _4l,
K ©I= = =2I,A, Ry=Re=2Q K
K3 a S se 3
S R 2 b3
X se R
X o
K9 K9
K9 K9
K9 K9
(S (S
(S '
' 5 (S
(S N\ < A < A (s
Pat , \ - / N > Pat
g 4A(h) Q< 2A(¢y) 6Q 3 N LD\ 202 s
»al < < ( < »al
% >/ e S L > 2 / < K
K > \'/ < )
(3 Y (]
K3 () (b) ~ &
K | (C) K
gt P:i
' (S
S Figure (2.46) S
K9 K9
K9 K9
K9 K9
K9 K9
K9 K9
K9 K9
K9 K9
K9 K9
K9 K9
K9 K9
" sl
a el
2 (S
Pat Pt
() 0O
& vag &
. <(39)> (]
2 S5 2
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% Example 10: transform the ideal current sources shown in Figure(2.7) to ideal voltage I§

K9 (S
K9 (S
% sources. (3
K9 (S
Pat P.:
K3 '«
:g N = /\\ _\: -~ :g
& . < . S
¢ 4A(h) 102 s8A(Yy) 4Q 2 SROTRCE:
() \L/ > -/ S “al 1/ S K3
by 4 ‘ b
* (a) (b) (¢) *
()

() - ()
K3 Figure (2.47) ¥
" "
K3 (s
% Solution: s
& (3
& (3
§ (b)V = LRy, =8 x4 = 32V, Re =Ry, =4Q Eg
& C)V=1LRy =51, x4=201V, Re=R;z=4Q K
Pat >.1

. 70 40 40 .

[« [
3 s
(3 (
(3 (
e ®
al al
al / al
& y — T\ 2
3 7 b P =
s« 28V 32v ( 4 201, € S
[« Pat
(3 (
X (
(3 (
X X
(3 (3
(3 (3
(3 (3
(3 (3
() {+ | ' ()
! a) (D) {C) !
Pat Pat
X %
X X
X X
X . %
X Figure (2.48) X
3 3
Pat Pat
X &
X &
X &
X ¥
X &
X &
X &
X &
X &
% %
% (6
X (0
X (0
X (0
X (0
X (]
X (]
X (]
(3 (6
e e
al al
& ]
ol ’al
] ]
ot YA
ot ’al
] ]
ot &
] ]
e 5
O ®
Pat Pat
O A (O
Pat Pat
s <40 S
Pal Pat
& o5 %
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% Example 11: transform the network shown in Figure(2.49) to single ideal voltage sources. §
>.1

% Solution: " o Eg
% . 2Q ¢ s 2 8!
K < The two current sources are in parallel. W—E N D—E D0 &
s Hence they h ival ' 3
& y have an equivalent, &
§ =1, +1,=9-3=6A = | §
ClhRmYee T
With two resistors in parallel. Hence the v (} 30 60 D34
8 equivalent resistor is, ] | K
& 3 X6 ' v 8\ &
® 012 ®
8 R="—">-=2Q [E— . TRV |
" 3+6 "
* *
:§1 Figure (2.49) .§
(S (S
(S (S
K + The three voltage sources are in series. Hence they 6a 14\ %
3 i ‘ & &
K3 have an equivalent, I * R
& &
8 V=V +V,+V;=8+10-4=14V | :
& : i : . . "
§ With two resistors in series. Hence the equivalent N §
$ resistor is, | $
$ R=2+4=6Q [ wa 8 $
el - - A Pat
§ So the equivalent network becomes as shown in & >§
% - . e
(5 Figure(2.50). Figure (2.50) (5
® ()
(S (s
(S (s
6 I
K3 ¢ Convert the (6A) current source with (2Q) resistor in | kS
K parallel to a voltage source with (2Q) resistor in series 2" K
% as shown in Figure(2.51). S K
(3 o 63
1§ aaua z §
¢ Figure (2.51) $
(S (S
S (S
§ % Figure(2.50) shows three voltage sources in series | 8Q2 §
ral . . . ANAA ral
§ and three resistors in series also. Hence they have an VVVV ° :§
al . "al
§ equivalent, L E%
S V=Vi+V,+V;=14+12-8=18V 18v(_ ) $
(S '
& R=R;+R,+R;=6+2+10=18Q K
& The equivalent network is shown in Figure(2.52). 0 %
§ Figure (2.52) §
X A &
X a4 &
§ p Sy §
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o

::: . i ) e A Ao AR Ky
% Example 12: Use Source Conversion technique to find e—g K
& . .. . 5
% the load current | in the circuit of Figure(2.53). + &
[ s . b &
§ Solution: ev 26 3a(h k33 E§
K The 6V voltage source with a series resistance of 3 Q i K
%« has been converted into an equivalent 2 A current source B @
; with 3 Q resistance in parallel as shown in Figure(2.54). Figure(2.53) ;
:g A 2 | I§1
¥ In Figure(2.54) the two parallel resistances of 3 Q 1 ¥
X . . . . U,
3 and 6 Q can be combined into a single resistance of + | | _ » s
% 2 Qasshown in Figure(2.55). oA 23 36 3a( 4 R,23 %
>:< | < < | < %
Pa R Mot
i Figure(2.54) 8
’.‘ A A ;,- A C > A Al." A ’:‘
% In Figure(2.55) the two current sources cannot be & &
:§1 combined together because of the 2 Q resistance present | ) , I§1
»al R . - "l
% between points A and C. To remove this hurdle, we (4 2a =2 3a(t) RZ=3 %
(S : . '
% convert the 2 A current source in parallel with 2Q &
yal . R . . . '8!
& resistor into the equivalent 4 V voltage source in series L 2 K
§ with 2Q resistor as shown in Figure(2.56). Figure(2.55) §
g In Figure(2.56) the 4 V voltage source with a series v, .
& resistance of (2 + 2) = 4 Q can again be converted into , Oy
% the equivalent current source as shown in Figure(2.57). 'ah " =
(S '
% Figure(2.56) 5
& &

& In Figure(2.57)the two current sources can be combined into a single 4-A source as shown %
% In Figure(2.58).The 4-A current is divided into two equal parts at point A because each of ¥

3 (S
gt . Pat
;g the two parallel paths has a resistance of 4 Q. Hence I; =2 A. :?
% A | 5
:.: | - —} ¥\ !
(S v, \ v, o
(Y &
Egi ha 24 3A $ R 23 J4A 24 R, 23 Egi
& 4 : ; 3
& &
a al
& - - &
k) Figure(2.57) Figure(2.58) k)
at at
SO
Pal Pl
& £S5 &
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S
S
& . 3
i | Pectuee (3) Kirchhoff's Laws :
Pat P.1
(3 (3
(3 (3
(3 (3
S S

& Ohm’s law by itself is not sufficient to analyze circuits. However, when it is coupled with ¥
% Kirchhoff’s two laws, we have a sufficient, powerful set of tools for analyzing a large
% variety of electric circuits. Kirchhoff’s laws were first introduced in 1847 by the German %
% physicist Gustav Robert Kirchhoff (1824-1887). These laws are formally known as
% Kirchhoff’s current law (KCL) and Kirchhoft’s voltage law (KVL). (S

& &
* *
* *
* *
s 1- Kirchhoff’s current law (KCL) s
(S s
:§1 Kirchhoff’s current law (KCL) states that the algebraic sum of currents entering §
& | anode is zero. 8
hat P.i
K9 ; imn i s
§ Mathematically, KCL implies that N i E§
K N 1\ / E::
S 3
Z in =0 X
! e ’,J s
& = S &
s - i \\ %
s Where N is the number of branches connected to the node and i, is 3 I
§ the nth current entering (or leaving) the node. By this law, currents @
% entering a node may be regarded as positive, while currents &
(3 . . ; ) X
& leaving the node may be taken as negative or vice versa. Figure (3.1) &
% So for Figure (3.1): E§
E§: g+ (i) +ig+ i+ (-i5) = 0 %
(S (S
§ By rearranging the terms, we get §
I§1 iy + i3+ 1y =iy +is :?
'8 (S
& So Kirchhoff’s current law also state that: .
S (S
S (S
% | Kirchhoff’s current law (KCL) states that the sum of the currents entering a &
% . . (3
& | node is equal to the sum of the currents leaving the node. &
S '8
X A &
X a4 &
Oy
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() o
§ 2- Kirchhoff’s voltage law (KVL) E§
S (S
% | Kirchhoff's voltage law (KVL) states that the algebraic sum of all voltages around &
§ a closed path (or loop) is zero. §
& . &
% Expressed mathematically, KVL states that
(S - (s
§ Where M is the number of voltages in the loop (or the number of branches in the loop) and §
%V is the mth voltage. W :
E§ So for Figure (3.2): Eg
§ ViVt V-Vt V=0 4 &) q GO
% Rearranging terms gives [ 3
::: Vo + V3 +Vg =V + 1V, : :::
& Wwhich may be interpreted as: N .
hal - Pat
. Figure (3.2) .
S (s
& - K
% | Kirchhoff’s voltage law (KVL) states that the Sum of voltage drops = Sum of &
5 : s
% | voltage rises *
() ®
(S (S
(S (S
(S (s
(S (s
% Determination of signs for sources and elements for KVL s
(D ®
(S (s
§ 1- For voltage source, if we start the loop from negative terminal to positive terminal, §
al . . . "l
§ then the voltage should be given negative sign. On other hand, If we start the loop §
Pat Pat
E’gl from positive terminal to negative terminal, then the voltage should be given §
o .. . *
& tive sign &
$ poSi : $
& 2- For elements (resistances), if we start the loop through the resistor in the same
3 direction as the current through it, then the voltage should be given positive sign. §
& . . i o e &
§ On other hand, if we start the loop through the resistor in the opposite direction as §
§ the current through it, then the voltage should be given negative sign. §
S (S
& i ] &
§ Note: you can also reverse the two above assumption for solving problems, as E§
hal Pat
. stated below, .
X A &
X i &
::: <IDQI> :::
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()

% 1- For voltage source, if we start the loop from negative terminal to positive terminal, ~ $
& . . 3
$ then the voltage should be given positive sign. On other hand, If we start the loop
& .. i . . . &
§ from positive terminal to negative terminal, then the voltage should be given §
§ negative sign. ig
; 2- For elements (resistances), if we start the loop through the resistor in the same ;
§ direction as the current through it, then the voltage should be given negative sign. §
On other hand, if we start the loop through the resistor in the opposite direction as
§ the current through it, then the voltage should be given positive sign. g
(S (S
(S (S
(S (S
(s (S
3 ) . — &
% Example 1: Find the voltage between terminals a & b in Figure (3.3). &
0 . 63
E?I Solution: T - E§
Eg 'Vab +V; +V, -V3 =0 Y ' Eg
'8 T (S
A = b ) 1,=35V ¥
% A Vab - Vl +V2 - V3 b, l‘ o |::> ‘ =) ta 35 E:ﬂ
8 y '8!
¢ If V,=50V,V,=30V & V;=45V _ l-‘,A il §
S e '
% ThenV,;,=50+30-45=35V | $
(S (S
IOI : ) s
§ Figure (3.3) Figure (3.4) §
% Sowe can replace the three series sources by asingle source equal to (35 V).
* *
& &
% Example 2: for the circuit in Figure (3.5)(a), find volt & $
8 ple 2: for the circuit in Figure (3.5)(a), find voltages v; & v,. 8
¢ 2Q 2Q $
% AN | NVWW\— 3
o 4 — . (3
'0‘ I == > - — > '0‘
:‘: 7 ' > ~ - 7 r/ 2 z > :> -~ ‘:
§ 20\ (_) 1n3$3Q 20V (2) Q 233 2 E:
halt >.1
et >.1
E:i (a) (b) E:i
K9 K9
¥ Figure (3.5) ¥
X A &
X V= &
Oy
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e

(3 (3
$ Solution: ;
:§1 To find and we apply Ohm’s law and Kirchhoff’s voltage law. I§1
Pat - - - Pat
s Assume that current i flows through the loop as shown in Figure (3.5)(b). (S
() ®
% From Ohm’s law %
(3 ) (3
§ vy = 2I, v, = =3I ..(1) §
% Applying KVL around the loop gives
:g —20+V1 -V, =0 (2) :g
% Substituting Eq. (1) into Eq. (2), we obtain &
$ —20+2i+3i=0 or  5i=20 :> i=4A $
§ Substituting i in Eq. (1) finally gives, §
:? V1:8V, V2:—12V :?:
% %
% '
% %
% '
s = = = = = 0 8!
& Example 3: Determine v, and i in the circuit shown in Figure (3.6)(a). 8
% %
( . (
' i , '
E:i sl l .(..). //\:I() } %.2 \:[0 E::
::: N + l’l — \/ :::
& : &
:§: 8 (4 ) (=) 9 ( _\\'v q /J N\ E::
; 12V (&) 4V (3) 12V (2) 4V (3) :
& [ &
§ 6 Q 6Q .
s AAA A AAAN s
:.: o'y ‘ VVY :.:
K ¥R = T T .
R (a) (b) R
% Figure (3.6) &
K3 K3
& Solution: $
8! . B . 8!
E% We apply KVL around the loop as shown in Figure (3.6)(b). The result is E§
% -12 +v, +2v,— 4V, = 0, where v, = 4i, v,= — 6i %
i? —12+41+2v,—4+61=0 ..(1) E§1
% (
% Applying Ohm’s law to the 6- resistor gives ?
; Vo, =—6i ..(2) :§
i (]
§ Substituting Eq. (2) into Eq. (1) yields :§
~16+10i —12i=0 [__>  i=—8A
% and Vo= 48 V.
(3 VA K
p Oy

]
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()

() o
(3 . o ; (s
% Example 4: What is the voltage V; across the open switch in 50 V vV g
% the circuit shown in Figure (3.7), use Kirchhoff’s laws. D A &
¢ Solution: E§
% Apply KVL starting from point A (counter clock wise wov( KVL ) 3
% direction), ' " ¥
§ +Vs+10—20-50+30=0 s
& o V=30V /€ ‘ B\ K9
s Figure (3.7) s
% '
% '
Pat Pat
% Example 5: Find the unknown voltage V; in the - ¥
8¢ . . : . < 8!
& circuit of Figure (3.8), use Kirchhoff’s laws. Nz 8
al ; ' "l
¢ Solution: i
P oV <
% Apply KVL through loop ABCDEFA, w $
% v +40-v,—v;=0 $
' . 3
::: V2:2|2:2X4:8V E::
§ V3=3i3=3x16=48V A -
! _ F 2 E ) %
% -V, +40-8-48=0 %
() . ®
¥ ~vi=-16V Figure (3.8) ko
0 1 (3
% %
% %
% %
% Example 6: Using Kirchhoff’s Current Law and ﬁ &
& Ohm’s Law, find the magnitude and polarity of Y NG Ko
% Vvoltage V in Figure (3.9). / '
(3 N A K3
Pal 4 1 »:
Eo:: ¢ Let us arbitrarily choose the directions of I, I, S % o 3 E§
. and I and polarity of V as shown in Figure ha W W FS g .
¢ (3.10). B $
I§ ¢ Applying KCL to node A, we have Figure (3.9) Eg
::: _Il+30+|2_13_820 Or |1_12+|3=22 E::
gt .1
( (
% Applying Ohm’s law to the three resistive branches in l A &
¢ Figure (3.10), we have S 55 ot ;
§ h==,l,=—zand ls=— SR T . T O .
g 2 4 203V (1) 892y vZaa(})sa §
(S O N30A 7 — K
% Substituting these values in (i) above, we get S N Wb s &
$ Vv vV _, ~
Eg » + p + e 2 ———> ~V=24V | B Eg
$ & 1L =VI2=242=12A 1,=-24/6=—4 A, 1;=24/4=6 A Figure (3.10)
13 X
X A &
X a4 &
8 (a7 :
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()

% Example 7: For the circuit in Figure (3.11) find Vg & Vg using Kirchhoff’s laws. ¥
O . o
& Solution: s
el - - - - Pat
¢ Redraw the circuit as shown in Figure (3.12). .
& 3
% ( () 8( ) 9() 8Q %
% > , OOy o S \ R K
,x‘ \»—— E— B i. " T - (8] i o i ;Xq
a -y 4 -y + a
K ‘ ‘ i K
::: ! 10\ ‘ 20\ <O /7 N\ 8O "\' I 40\ :::
% 200 S02 2 S50 oV ° e ive) e %
-] v \ = e
(4 i + o
Y 10\ X
® 4 - ®
E.: 9Ll 71: A A B H AW G E‘:
.: — —d —_— - )..! = ( " ‘:
E% D ( H G | o KV1) ™ ; E%
(3 - I (0
:? e v }—: :?:
(3 (3
(3 . ; 3
% Figure (3.11) Figure (3.12) &
s .
( (
hat - - - - Pat
%+ To find VCB & VBH, we must find i; & is. (]
& (4
: [ 9 - 1A & i LI 2 A :
() - - - — o
§ ' 64549 27 84547 §
(S %
el Pat
® . ] . %
§ % To find Ve, apply KVL for loop ECBHE as shown in Figure (3.12). §
:§: —VCE—V2+10—V5=O :s:
E:i VCE = —V2 + 10 - V5 Egi
& V,=5i;=5%x1=5V & Vs=51, =5x2=10V %
rat et
:i: “Veg =-5+10-10= -5V :§:
el hal
(4 X
X X
3 : S 3
Eg s To find Vg, apply KVL on loop ABHGA shown in Figure (3.12). Eg
::: —VAG+V1+10+V6=0 :::
Pat Pat
:? VAG = v t+ 10 + Vg :?:
E:i Vi=6i;=6X1=6V & Ve=T1, =7X2=14V E:i
(3 (3
K3 “Vpe = 6+10+14 =30V K3
w (
w (
et P.i
gt P.i
w '
*  Note: '
( (
Eg < Vce =Vces + Ver + Vie Or  Vce=Vcs+ VeH + Ve + Vor + Vre E§
¥ Or Vce =Vep + VDA_ +Vag + VBH + VHE Or  Vce=Vep + Vpa + Vag + VeH + VHe + Var + Ve ¥
E:i o VCB:_V2:_5!1 E:i
:s: Ve = Vs = — 51, ;i;
& Vgy =10 &
»al ’al
% % Veg+ Vey + Ve = (Ve — V) + (Ve — Vi) + (Viy— Vi) = Vo — Ve = Ve 3
ot Yag
ot YA
N _ _ _ _ K
% % Vac=Vag+ Ve + Vhe = (Va—Ve) + (Ve — Vh) + (Vi—Ve) = Va— V6= Vac S
ot A
at rat
(3 (3
& A X
& VoY &
3 (48) 3
K Dy 3
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4 B (]
% Example 8: Determine the branch currents in the network ' &
».< _ . , . ]
% of Figure (3.13) when the value of each branch resistance s 3l @ §
s is one ohm, using Kirchhoff’s laws. s\ .
%  Solution: > K
() . . . . oV > ()
% Indicate the currents direction in the network branches as y i c %
& shown in Figure (3.14). S 8
% Apply Kirchhoff’s Second law to the closed circuit ABDA, L, %
% we get 10" s
& 5—Xx-z+y=0 or x—y+z=5 ..(i) s
s Similarly, circuit BCDB gives D §
E§ —(x —z)+5+_(y + 2)+z=0 or X-y—3z=5 ..(ii) e P i§
K Lastly, from circuit ADCEA, we get - L K
% V- - = = I . ()
§ y—(y+2+10—(x+y)=00r  x+3y+z=10..(iii) Figure (3.13) K
% From Eq. (i) and (ii), we get, z=0 . $
% Substituting z = 0 either in Eq.(i) or (ii) & in Eq.(iii), we get - &
& _y = i > &
s X-y=5 . (1v) 1 !2 2,10 s
. x+3y=10  ..(v) Ty R g
%  Subtracting Eq. (v) from (iv), we get N ,;-/V s
et 2 \ -‘ > ooer) .:
§  —dy=—5  or y=5/4=124 A Xy 5V S o
% Eq. (iv) gives X=25/4 A=6.25A AQC y 21Q o<
s Current in branch AB = current in branch BC = 6.25 A . RO .
& Current in branch BD =0 1Q ™ A &
§ current in branch AD = current in branch DC =125 A “b+2) | %
Pal H —_ —_ ‘ r Pal
& current in branch CEA=6.25+1.25=75A. A (x+y) D (x+y) Y &
% : S
& | ; K3
::: ‘ AMA E 10V :::
s Figure (3.14) K
K3 K3
K3 K3
o [H.W.: For Example 7, find the p.d. across AC. } $
(3 (3
(3 (3
(3 (3
(3 (3
(3 (3
(3 (3
(3 (3
(3 (3
(3 (3
(3 (3
(3 (3
(3 (3
(3 (3
X A &
X g &
Oy
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% Example 9: Determine the current x in the 4-Q resistance of the circuit shown in Figure K3

S )
% (3.15), using Kirchhoff’s laws. ‘
s Solution: .
% The given circuit is redrawn with assumed distribution of currents in Figure (3.16). K5
& '8
; Applying KVL to different closed loops, we get ;
& - v (+6) 4 2 (y+z+6) &
s AW e MN—>—p
(S 2 (s
s R/ 3
(S N (S
(S : N (S
(S ( #Y) A J (S
(3 L) o = > — o (3
¥ VA% = - o
$ /%A %10 2§ k $ J6A 210 10V :
Pat Pat
03 2 63
CEE M\ - WA Er s = AMN——C 8
(3 " (x-y) (x-y- 6) D (x-y-z- 6) (3
¥ 124V 4 X4 24V 4 iy W
:§: | | Wy ’ ] A (G :?
s Figure (3.15) Figure (3.16) s
K3 '8
& (S
& (S
& (S
& (S
¥ Circuit EFADE &
% —2y+10z+ (x-y—6)=0 §
s or Xx—3y+10z=6 (i) .
S (S
K Circuit ABCDA K
(3 63
Eg 2(y+z+6)—10+3(x—-y-z—-6)—10z=0 Eg
% or 3x—5y— 14z =40 (1) &
Y . 0
% Circuit EDCGE $
3 03
E§1 —(X—y—6)—3(X—y—z—6)—4x+24=0 E§
S - (S
% Or 8x—4y— 3z =48 ..(1) S
% From above equations we get x = 4.1 A §
S k9
(S &
S &
S &
% &
% &
% &
A A

) Ay "
ral Pt
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% (3
3 S

% Example 10: By applying Kirchhoff’s current law, obtain the values of v, i; and i, in the ¥

. : : : : kS
§ circuit of Figure (3.17) which contains a voltage-dependent current source. Resistance §
Pat - Pat
§ values are in ohms. ;i
(S ion- i (s
$ Solutl_on. o 7 4 ;
% Applying KCL to node A of the circuit, we get : %
:g 2 - i1+4V _iz =0 'Il '12 :%
E:i or il + i2 —4v=2 T < * \4VA E:i
& : v : v 2A 33 v(}) §6 K
& Now, ij=—/— and lb=—— \ d &
(S 3 6 S
$ —4 $
K3 —+—-—4v=2 v=—V (]
K3 3 7 _ ¥
& Figure (3.17) &
5 _V_(7)_—4 _ _(7)_—4_—2 &
K3 I = = = A & i= = = = A
¥ 3 3 21 6 6 42 21 ;&
& (3
K3 (S
% 4 &
& (S
& : : li v, ¥
& [ Note:- as the currents sign are negative then the ’ g 2 s
§ actual direction of these currents are opposite to Nha 35 v(| 26 Ei
& | the direction indicated previously as shown in ) . YA &
s Figure (3.18). :
K3 —4 —-16 . &
& & 4v = 4 X (—): —V Figure (3.18) S
& 7 7 (s
& &
¥ Example 11: Apply Kirchhoff’s voltage law, to find the values of current i and the voltage ¥
(S (S

« drops v; and v, in the circuit of Figure (3.19) which contains a current-dependent voltage

% source. What is the voltage of the dependent source ? All resistance values are in ohms. &
% Solution: ¥
»al . . . - - . ’al
§ Applying KVL to the circuit of Figure (3.19) and starting 4 i 3, - + B ;§
§ from point A, we get + Y - ref ?
§ —v,+4i—Vv,+6=00rv;,—4i+v,=6 + + ;§
X ] . y .S 9
¢ Now, v;=2iandv,=4i ( )ev wis
"l B . R . = ) "l
I 2i—4i+4i=60ri=3A b .
Pat Pat
I Vi =2x3=6V :
s Y S
¢ and  v,=4x3=12V £ © %
§ Voltage of the dependent source = 4i=4x4=12V Figure (3.19) §
s o
% < = ()
(3 OFA 2
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:

§ Example 12: Find the current i and also the power and voltage of the dependent source in §
§ Figure (3.20). All resistances are in ohms. :§
¢ Solution: &

% The two current sources can be combined into a single source of (8 —6=2 A). The two I§
¢ parallel 4 Q resistances when combined have a value of (2 Q) which, being in series with
% the 10 Q resistance, gives the branch resistance of (10 + 2= 12 Q). This 12 Q resistance %
& when combined with the other 12 Q resistance gives a combination resistance of (6 Q). %

% The simplified circuit is shown in Figure (3.21). '
K3 (5
(3 A %
& ® K
(S + *
& i S '
8 ! 210 y :
yzq e 5 ()()I >, < %
¥ by <3 212 ! ! 4 2A (4 =3 <6 X
y |
Ko 0.9i )| ¥
K3 4 34 ¥
>.1 < < ,.‘
& (3
& - (3
2 i ; (3
(3 Figure (3.20) Figure (3.21) ¥
K (5
K3 (5
(2 - '8
s Applying KCL to node A, we get K
(2 - - - 2
& 091+2-1-V/6=0 or 0.61=12—-v ¥
Ky . . o
§ Also v=3i 1= 10/3 A. )
(3 >x<
% Hence,v=10V. s
& : . (3
% The power furnished by the current source =v x 0.9 i = 10 x 0.9 (10/3) = 30 W. &
K3 (S
& (3
& (3
K3 (S
K3 (S
K3 (S
K3 (S
¥ (S
3 (S
3 (S
K3 (S
& (3
& (3
& (3
& (3
& (3
K (3
& (3
K (3
K (3
K (3
K3 (3
K (3
K3 (3
K (3
K3 (5
K (5
K (5
K (5
K '
& 3
3 X
(3 >x<
% X
(3 >x<
(3 >x<
! X
(3 >x<
(3 x
2 ()
& (S
K vaAY &
) < [ (3
2 OFA (3
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O O
S &
% CW %
% ome Works &

% &
* &
x &
& H.W.(1):- Find the values of currents I, and 1, in the network of Figure (3.22), &
[Answer: 1,=4A;1,=5A] %

% H.W.(2):- Use Kirchhoff’s law, to find the values of voltages V,; and V, in the network :%:

el - - N
% shown in Figure (3.23). [Answer:V,; =2V ;V,=5V] %
>’< %
()

& 9V I8V &
s |} { L (3
K3 'I.‘ "
3 h=6A b &
S —AMA —AMA - &
3 5= , %
3 157 9A = 12V K —— 10V 3
% + S
& S (3
(3 | J2A :}_: : »:q
(3 '] | %
::1 3V %
& i - '8
K Figure (3.22) Figure (3.23) K
K2 (5

% H.W.(3):- In Figure (3.24), the potential of point A is — 30 V. Using Kirchhoff’s voltage
s law, find (a) value of V and (b) power dissipated by 5 Q resistance. All resistances are in :i:

& ohms. [100 V; 500 W]
& H.W.(4)- Using KVL and KCL, find the values of V and I in Figure (3.25). All %
% resistances are in ohms. [B0V;—-4A] ¥
3 9§
& H.W.(5):- Using KCL, find the values Vg, I, I, and 15 in the circuit of Figure (3.26). All %
Pat - - Pat
& resistances are in ohms. [Vag =12V 1L =2B A L =1AI3=4B A] %
": rrs-f ‘-PA\'/_ T ’&
¥ ' 1 : (S
( ) < s ’II V5 Iv" K3
e V 62 33 - (3
S < ‘ 30 V. HA \ 8
R i 1 "V 60 V ‘ ' 8 32 (¢) o2 (3
% _;0 \"0 AN ? ' < < _ q‘\ < %
(3 o = (3
3 " I 8 b
K Figure (3.24) Figure (3.25) Figure (3.26) R
3 x
3 Ay s
() < = ()

{ Pl
3 v %
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. 3
: [ i [ i Is it %
; I [ oint B in the Figure (3.27). 5
§ H.W.(6):- Find the voltage of point A with (eslpefct tgan b resect B s 55 1] §
Y - o= - Ol . :
& positive with respect to B ? [potential of p E§
::: D SA E:j
s 50 & , ) ;
: R0avi 3Q: $3Q Z4Q i
§ [ 8V §
@ \\_ }d
63 _ :
E? Figure (3.27) E§
: §
: §
% I ource & voltage v, in the Figure (3.28). 1
% H.W.(7):- Find the value of dependent voltage s 0 :
}.1

}.1

Ko

[ <]
+
[ <]
O
% b7 w
: | &
3 Pat
: l 25000 60 KkQ Y K
Pat ; " ' 4
() ) , ) j‘ ] H 4 s
30V $25KQ : :
Pt &
: (3
4§ _ i
@ . ..<
& Il @
} -
§ Figure (3.28)
; <
; Pat
: K
: K
: K
: (3
: (3
: (3
: (3
: (3
: (3
: (3
: (3
: (3
: (3
: (3
: (3
Pat 4
: (3
: (3
: (3
: (3
: (3
: (3
: (3
: (3
: (3
: (3
: (3
: (3
: (2
: (2
: (2
: (2
: (2
: x
: K
: ()
i m
i X
i Pl
: Pl
i X
: Pl
: Pl
i X
: Pl
%
>;1
>.1

nl
o= O
nal
.@ (2
K <l = 5
::: L CaN
O
Pl

9
RO
PSS 00S0 00200000000 00000 SO
B R R R T R R R R B B R R R R O R B B B R R R O O B0 B B B R RO RO R R T BV B0 T RO RO RO R R RSO RO
-0 == -
2-0- ==X
-
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K3 . Ko
i || Lectuce (4) Nodal Analysis i
Pat P.1
(3 (3
S 5

% Nodal analysis provides a general procedure for analyzing circuits using node voltages as %
% the circuit variables. Choosing node voltages instead of element voltages as circuit
% variables is convenient and reduces the number of equations one must solve ¥

% simultaneously.
§ Steps to Determine Node Voltages: §
% | 1) Select a node as the reference node (it's voltage equal zero). Assign voltages vy, va, 0
& | ..., vaa to the remaining n-1 nodes. The voltages are referenced with respect to the 8
¢ | reference node. $
¢ | 2) Apply KCL to each of the n-1 non reference nodes. Use Ohm’s law to express the K
¢ | branch currents in terms of node voltages. .
§ 3) Solve the resulting simultaneous equations to obtain the unknown node voltages. §
% &
x &
% %

% The first step in nodal analysis is selecting a node as @ @ K
% the reference or datum node. The reference node is l ‘ (S

s commonly called the ground since it is assumed to 7 7 §
% have zero potential. A reference node is indicated by &
% any of the three symbols in Figure (4.1). ¥
Pat - Pat
; Figure (4.1): Common symbols K
K for indicating a reference node
& (S
K3 (S
K3 (S
K3 (S
R K3
R Ko
K K9
K K9
R Ko
R Ko
K Ko
S &
% &
3 YAy ::1
% <l = P.1
o DA ¥
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()

()

§ 1- Nodal Analysis with Current Sources E§
S (S
'8 : : . : (s
K Note: Current flows from a higher potential to a lower potential in a resistor. K2
K9 i
E:i ) Uhigher — UVlower : S E:i
3 f=——— R ¢S
§ R = I i 1 Eii
A — A —— D —
:g B R R, :f:
() Vo~ V1 Vp—Vyp . V2~V ) , (3
’:‘ o~ Il = ’ |2 = y Ix = ) = ? i L} X ’:‘
(3 Ry R R3 (3
% , *
% . _V3TUy . V4V . V1—V4 . . K
CRE R, ls = R KT T o T ¥
(S 4 5 6 ' '
& Where V,=0 Figure (4.2) 8
'8 (S
K3 &
% For node (1): %
'8 _ (s
§ Apply KCL, 5i,— I, — 1, =0 Ei
S I+ s
$ - = —= COI
% X 5 cee %
(S (S
el hal
K9 K9
® ()
% For node (2): &
ot A
% Apply KCL, I, + i,—i5=0 (3
* *
(D ®
s V2 V3= &
§ L, +—=—_——==0 ..(2) &
3 R3 R4 3
% For node (3): &
$ Apply KCL, i5 — 13— 1,=0 K3
S (S
'8 : (S
Eg =13+ 14 ...(3) Eg
et P.i
et Pat
% For node (4): §
() o
'8 (s
S : : (s
§ Apply KCL, i + 1, — 5i,=0 Ei
(S s
(S R_+ l,— 51,=0 ..(4) &
X 5 %
ot ag
& Solving equations (1), (2), (3), and (4) to find the nodes voltages (v,,v,,v;, and v,) and &
% hence find the currents in the circuit (iy , is, and ig). %
Pat Pt
S <56 K

al nal
& SgA &
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Pat Pat
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S 2- Nodal Analysis with Voltage Sources

:’: ; E1—v1 172+ EZ—”l Uy =V,
::: '.'Il: y b= y Ik = y I5 —

¥ Rq R, R3 R4

% For node (1):

s Apply KCL, — iy — b +1i5 =0 _ <L

Vq_ v1—E-)_v v1—5i,_v
g 1-Fy  V17E2-V2 11 x 4:0
Pat
. Rq Ry Rg

¥ For node (2): E

% Apply KCL, iy+i,— i5=0

Y Vy+Ey_v Vy—V
$ Y2  YaTEa-ti V273 _
% R3 Ry Ry

% Forsupernode (3) & (4) :

P.‘
% Vit E3=0,

§ V;—E,—V,=0 (Super node) |::>

_U3—U2 .
— b= y s =

Electrical Engineering Fundamentals

1st Class

Asst., Lecturer : Wisam N. AL-Obaidi

Figure (4.3)

~ Vi3 =E;
~V3=E+V,

s | with it.

% | A supernode is formed by enclosing a (dependent or independent) voltage source
% | connected between two non reference nodes and any elements connected in parallel

% Solution:
% For node 1:

‘ _
IRV R e—

% For node (2):

V1=—12V

¥ V271
$ 05 | 2
) +12 Uy —V3

& + =14 (1
&« 05 2 M

Up—V3

—14=0

& W=Vo—Vp

) SAg
% <d =
(] oA
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% Example 1: Determine the nod to reference voltages of the circuit shown in Figure (4.4).

N
71\

,\‘\\:‘” @ = 711 0

/ T
/

-~

7 12V |
2V |
J

| 0

2

a4

o’

l
N
\

Figure (4.4)

)
[Toa
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Pat Pat

(2 ()
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o ()
& &
% For super node (3) & (4): &
s Va- 0.2v~v, =0 ...(2) .
S (s
S (s
¥ U3—Up Vgp—1q Vy (s
K 37_0-5Vx+ = +T=0 ...(3) 3
§ Vg —Vy — vy =0 ...(4) %
§ solving equations (1), (2), (3), and (4), |::> vi=-12 V, V,2=4 V, ;=0 V, v,=-2 V §
S S
(S S
(S S
(S (S
(S (S
(S (s
(S (S
% Example 2: Determine the current in (7Q) & (1Q) %
% resistors using nodal analysis of the circuit shown K
§ in Figure (4.5). E§
§ Solution: E§
' (s
§ Redraw the circuit and indicate the nodes and §
§ reference node as shown in Figure (4.6). §
S '8
S '8
& &
% At node (1): 40 )
% V1 -V VU3 %
s 3 + +8+3=0 5
& &
%~ 0.5833v; -0.3333v,-0.25v; =11 ..(1) (]
& &
$ At node (2): $
¢ Y27V V2 V27V 4 s
(S T o7 (S
& 3 1 7 K
% .~ —0.3333v; + 1.4762 v, — 0.1429 v; = 3 ..(2) 5
& &
I§1 At node (3): Reference node Eg
s At node (3): 3
X v V3 —Vy U3 —V *
R ?3+ 37 2+ 34 L_25=0 Figure (4.6) s
& &
¢~ —0.25v;—0.1429 v, + 0.5929 v; = 25 ...(3) §
§ (s
& i &
§ Solving Equ.s (1), (2) & (3) we get, :> Vi=5.412 V, v, =7.736 V & v3 =46.32 §
$ _ _ vy —v, 4632 -7736 _ 3
% Now, Current in (7Q) is, l,q = = = 5512 A (S
I% ) ) Uy —V vy —0 v 7.736 :;1
Currentin (1Q) is, lg= —2="—%—= 2% = = 7736 A
1 1 1 1
¥ A (2
& VY &
e
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% Example 3: Using nodal analysis, determine the current in ( 2 S) of the circuit shown in %

Pt . [
% Figure (4.7). | 1 3
M H . —S ; _S :.:
¢ Solution: 3 2V 2 (5

% Note that in this circuit a conductance values were K
% given, so we convert it to a resistances and redraw < 1
% the circuit as shown in Figure (4.8). <3S |

(S & . S
Pal — 4\ r Pl
( : (]
(3 : %
S 4\ S
(2 ()
@ @
@ @
@ @
K ® @
¥ @
K ' @
@ - @
K @
( (
(] : (]
ot gt
(3 Figure (4.7) :3
et 4
(] (]
(] (]
(3 (
(3 (]
(S (]
et 20y 4 7\ 20) ra(
}.‘ 532 2V | 1) V494 &
S | \JJ &
}.‘ “‘I ‘y. | — AAANA }.‘
e VvV b AR gt
X J (0
2 o
K3 (3

$ At node (1): ) §

o &
= &
= E =
3 y 3
4V a

ral

¥ v —2-4 v v —4
: 1—+_1+1—:0 | : :;:
€ 342 2 2 4y

& &
(3 (S
§ V=267V ‘ §
& - &
& = &
§ So the current through (§ S) = current through (3Q) Figure (4.8) §
& .
R v —2—4 R

S 342 (S
& 2.67 —2—4 (2

—_ o
" 3+2 8
()
et — Pat
.g = — 0.666 A K
o
(] (]
& &
& &
& &
« &
« «
« «
« «
« «
el hal
® ®
al al
al al
al al
K3 K3
® °
rat ral
() ()
¢ A ¢
A <(59)> &
K STA &
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Example 4: Determine the power supplied by the
dependent source of the Figure (4.9) using nodal
analysis.

Solution:

Redraw the circuit and indicate the nodes and
reference node as shown in Figure (4.10).

Electrical Engineering Fundamentals
1st Class

Asst., Lecturer : Wisam N. AL-Obaidi

At node (1):

V1=V Vg

———+—-15=0
1 2

~ 15 Vi— Vo = 15 (1)

At node (2):

Uy — VU v .

g+—2—3|1=0
1 3 _

3V, —3vi+ v,—91; =0

%3

—3V1+ 4V2—9i1:0, i]_:?

Wo=3Vv t 4v2—9(v71):0

n—75vi+4v, =0 ...(2)

Solve Equ.s (1) & (2) we get,
- 40

Vi=-40V&V,=-75V & Q= =——=-20A

Now the power supplied by the dependent source is,
P =1V = (3iy) v, = (3x(-20)) X (— 75) = 4500 W = 4.5 kW

A
<>

o

Figure (4.9)

bl RS =

Figure (4.10)
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e

§ Example 5: Determine the power supplied by the §
% dependent source of the Figure (4.11) using nodal &
% analysis. §
% Solution: &
(3 (3
% Redraw the circuit and indicate the nodes and reference
% node as shown in Figure (4.12).
% At node (1): %
$ vi—v, v K3
:? et S I S 15=0, . :?
R 15vi— v, =15 ..(1) s
& &
& At node (2): R
X vy —vy v 0
& 2 V1 2 — _ "
: N +3—3vx—0, Vy =V, 5
(3 (3
(3 (3
& vy —v; , 2 &
% o 2—l4+=_3p, =0 }x 3 K
& 1 &
(3 (3
(3 (3
g 3v,—3vit V-9, =0 &
>.1

% o —3vi— 5v, =0 ...(2) Figure (4.12) &

% Solve Equ.s (1) & (2) we get,
¢ v=714V&Vv,=v,=-429V (]

[« Pat
(2 ()
[« Pat
* *
Pat T - Pat
% Now the power supplied by the dependent source is, &
(2 ()
{ - - - - {
% P=1V=_0Qv)v, = (X(-429) X (-4.29) =552W ¥
( (
(S '
(S '
(S '8
'8 '
(S (s
S (S
S (S
' (S
' (S
S (S
S (S
S (S
S (S
S (S
S (S
' 8
S (S
S (s
S (S
'8 '8
'8 (S
'8 (S
'8 (S
S '8
S ks
sl el
a al
a el
a el
a s
at at
» at

Pat Pat
0O o= 0O
Pat Pat
g <61~ &
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() ()
3 dftome Works 3
e ()
>.1 Pat
(3 . . .. i i i (3
§ H.W.(1):- Find v, v, and v in the circuit of Figure (4.13) using nodal analysis. :§
[ Answer: v;=3.043V,v,=-6956V&Vv;=0.6522V] ¥
ot a
& 62 3
e ' > a
' p 4 8!
hal B R "l
:§: 20 40 2130 ;§:
(S S ¢ s
(S (s
(S (S
(S '
Pat Pat
e . - "
§ Figure (4.13) E§
K3 (S
& (S
Pat Pat
& H.W.(2):- Find vy, v, and v; in the circuit of Figure (4.14) using nodal analysis. (3
[« Pat
§ [ Answer: v;=—40V,v,= 5714V &v3;=200V] ;§
3 ' &
& . 3
E:i 3042 : i, 60 € S0 €2 x5 - 2582 ) 200V E:i
S X
*
* *
* *
* *
" . ~ %
KX 0 %
. : «
s Figure (4.14) &
3 3
(S (S
(S '
(S '
E:: H.W.(2):- Find vy, V5, Vo, Iy, I, & I3 In the circuit of Figure (4.15) using nodal analysis. E:
;§: [ Answer: v, =2.67V,v,= 10.67 V&V, =10.67 V, i,= 1.34A, 1,= 1.33A, i3= 2.67A, i,= ;§
% 12A, is= —8A, iz=5.33A] &
' K
(5 3
e 1£2 s
' s &
Pat Pat
* 3 ()
X 10 20 X
:.: | AAAA \ :.:
% e TR VY — e — » %
$ b ": L“‘ E::
& . §
w T e~ " '0‘
(3 24V (2) 202 SQ = 4Q 2 4 (3
ot = ag
ot Yag
ot YA
ot A
ot A
ot &
ot - A
. Figure (4.15) §
* vAg ¥
pCy
5 (5

LD OO OO VOOV DVVVVVDVVD OV OOL OOV OOV ODDVVVVVDVDD VDD OVD OO VODOODO VDOV VDO



P‘0XOXOXQXQXQXQXQXQXQXQXQX’X’XOXOXOXOXOXOXOXOXOXOXQXQXQXOXOXOXOXOXOXQXQXQXQXQXQXQXQXQX’X’X’XQXQXOXOXOXOXOXO}>XOXQXQXQXQXQXQXOXOXOXOXOXOXQXQXQXQXQXQXQXQXQX’X’X’XQXOXOXOXOXOXOXQXQXQX‘z<
Pat Pat
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Engineering College 1st Class
Electronic Department Year (2013-2014) Asst., Lecturer : Wisam N. AL-Obaidi
S S
K : K
i | Lectue (5) Mesh Analysis :
¥ ¥
K kS
(Maxwell’s Loop Curent Method) 4
& ) - g &
& &

% Mesh analysis provides another general procedure for analyzing circuits, using mesh
% currents as the circuit variables instead of branch currents (as in Kirchhoff's laws). Using ¥
% mesh currents instead of element currents as circuit variables is convenient and reduces the
% number of equations that must be solved simultaneously. Mesh analysis applies KVL to %

% find unknown currents. &
& *
§ A mesh is a loop that does not contain any other loop within it. §
Pat Pat
(S (S
S (S
% Steps to Determine Mesh Currents: K9
K3 . s
§ 1. Assign mesh currents to the n meshes. E§
§ 2. Apply KVL to each of the n meshes. Use Ohm’s law to express the voltages in terms of §
% the mesh currents. R
§ 3. Solve the resulting n simultaneous equations to get the mesh currents. §
$ For the first loop: Lo R Lo $
::: _Vl + i1R1+ (|1 - i2)R3 :O .o (1) ! s AN l_’ WA ’ :::
% ] %
s or ‘ s
(- . o 5% (3
:g |1(R1+ R3) — |2R3 = V]_ (2) e (i \;} . ( "3/' )y :g
& ) &
¢ For the second loop: :
:g V2 +i2R2 + (|2 —il)R3 :O .. (3) { 0 d :§:
R : : s
E? -1 R3 + |2(R2 + R3) = 'V2 (4) F|gure (51) Eg
:§: Equations (2) & (4) can be solved either simultaneously or by matrix. :§
gt Pat
$ [Ri+Rs  —Rs J[ul_[ Vi 8
Pt . = Pat
:?: _R3 R2 +R3 l2 _VZ :g:
* A A *
: 1 2
¢ So = and i, = N .
¢ Where Ei
E§ A — R1+R3 _R3 Alz Vl _R3 a_nd AZ: R1+R3 Vl Eg
:g _R3 RZ +R3 ' _V2 Rz +R3 ' _R3 —V2 :g
§ After finding the mesh current, L=i,l3=i,—0, and l,=1i §
¥ A (2
& VY. &
Sy
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% Example 1: For the circuit in Figure (5.2), find the branch currents using mesh analysis. §
& Solution: &

K3 I I '
o g . ; o vl L 5Q - 68 (3
*  We first obtain the mesh currents using KVL. For mesh 1. e A i e AN (3
::: VVVY /- VYV VY :::
3 —15+ 5i, + 10(i, — i) + 10=0 ‘ ®
:’: l_ i -I! “l 1:) ' >.1
Al < al
(5 > 10 ¢ 05
S o > 10 €2 (5

% For mesh 2, @ 10v K
3 =/ 3
9 ‘ 9§
Ky 6i, + 4is + 10(i, — 1)) = 10=0 (3
() 2 = = (2
9§ §
® or K
Ol K3
% ‘ : '
3 fy=:28~1 ?) Figure (5.2) s
Pat Pat
¥ ¥
Y K
Ky Ky
Ko Ko
(2 . v v . (2
K3 B METHOD 1 Using the substitution method, we substitute K3
R N : (
¢ Eq. (2)mto Eq. (1), and write ¥
:0: 61: — I = Ly l = I2:= l \ :0:
X . - . . - a
;ij From Eq. (2),/;, = 2i, — 1 =2 -1 = 1A. Thus, :?
K 11 = | 1 A, L=i=1A, I; = ihh — i, =10 K
Q - - ’ - Q
3 3
3 3
3 3
ol ’al
ot A
s B METHOD 2 To use Cramer’s rule, we cast Egs. (1) and s
% (2) in matrix form as K2
Pat Pat
> 5 Pat
& 3 =214 I @
9§ = §
§ ) §
’.‘ - l pa I 1 "‘
1§ §
1§ §
§ - : : '
¥ We obtain the determinants ¥
' ¥ =2 '
; A= = 6-2=4 ;
(3 =1 2 (3
( = '
w (
w 1 =2 3 1 '
Y — =l =9 7 — — — 2 — Y
K A, = =2+2=4 A,= =3+1=4 K
& 1 2 - 11 K9
w “ (
% '
g %
»at I] o 8
* 1Us, ()
Pat P.1
S I 1 A. Iy = - | A '8
& A A &
ot 2
& . 3
¥ as before. K
ot ’al
ot A
ot &
% %
¢ Pat
o °
"al ral
3 "
¢ Ao ¢
pCiy
Pat £ Q Pt
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% Example 2: Use mesh analysis to find the current I, in the circuit of Figure (5.3). &
$ Solution: ; ; $
Eg We apply KVL to the three meshes i turn. For mesh 1, stuctaill Pt Eg
§ —24 + 10(i; — i) + 123y — i3) = 0 - ,_3“ W o §

2 i i@ | 2
§ 24 v (1) /x-:) ok &
R 115, — 5i, — 613 = 12 (1) T '

S .S =\ A
% For mesh 2, 12Q= F’) & W
(3 ‘ : ()
(> 241, +4(h —13) + 10, — i) =0 "
(S *
¥ or . X
5 Figure (5.3) $
Pat %
() A . ()
K — - —_— Vi = )
K3 51y + 195 — 2i3 =0 (2) K2
1§ §
’.‘ 3 }.1
% For mesh 3. &
& (S
Yl ) L 195 — i 1 . _ K
::: 4]0 ; 1-(13 Il) t 4(13 I:) 0 :::
% Butat node A, I, = i; — i, so that &
Pat Pat
K2 : (5
! o1 s
& 3
Pal Pal
& In matrix form, Egs. (1) to (3) become (5
rat t
3 g > ) 3
K3 l l =3 _() Il ]_' s
3 3
8 -5 19 =2||if=| 0 8
(3 - - 2 (3
gt . . ot
8 1 -1  2]L# 0 K
(2 - ()
3 3
3 3
3 3
3 3
3 '
3 3
3 3
3 §
3 §
3 §
3 §
3 §
3 §
3 §
3 §
3 9§
3 §
& §
% * (3
2 3
e A
¥ =418 —30 — 10— 114 — 22 — 50 = 192 %
e A
ot ’al
K2 (5
! o
’5‘ %
! o
S R
2 )
Pat Pt
2 *
o HAy (0
. <(65)> .
2 OF4A (3
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=24 + 120 = 144 8

Pat }‘1
@ &
@ K
2 Pat
Ky (3
' '
' '
' '
' '
' '
' '
' '
' (5
' (5
' (5
' '
K3 o %
K3 As = = 60 + 228 = 288 &
2 Pat
K (3
' '
(S '
' '
el }.1
& @
@ @
S Pal
K K
) (S
S (S
& We calculate the mesh currents using Cramer’s rule as &
e el

s %0 A ) :.:
() A 432 _ _ 2 144 ) (3
s W= =——=225A ih=-—2=—=075A, 3

A 192 A 192 &

(2 Pat
% AQ (S
(S A; 288 8
0> . = — = = ] A <
& 3 ) e (3
K A 192 "
@ ¥
[ _ - . — - .1
K Thus, I, = i; — i, = 1.5 A. &
gt = .1
(] (
2 Pat
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e

o

§ Mesh Analysis with Current Sources E§
§ Applying mesh analysis to circuits containing current sources (dependent or independent) §
el - - - - Pat
§ may appear complicated. But it is actually much easier, because the presence of the current ;§
% sources reduces the number of equations. Consider the following two possible cases. &
% M CASE 1 when a current source exists only in one 44 $42
& mesh: Consider the circuit in Figure (5.4) , for A &
$ example. We set I, = -5 A and write a mesh equation /D 2 60 (v OPS
% for the other mesh in the usual way; that is, T T ¥
Eg -10 + 4|1 + 6('1 — |2) = 0, and i2 =5A ‘ Eg
Eg fip=-2A Figure (5.4) Eg
& &
& &
§ B caAse 2 When a current source exists between two meshes: Consider the circuit in §
% Figure (5.5)(a) , for example. We create a supermesh by excluding the current source and
(3 i i oy - I (S
% any elements connected in series with it, as shown in Figure (5.5)(b). Thus, K
(3 3
§ A supermesh results when two meshes have a (dependent or independent) current §
% | source in common. &
E% 7 6 Q : 100 Eg
% 0\&2‘ 1”_“ %
:? 2Q e — R :g
s y | J wv@ ! (a) () | 2aa K3
& - a— &
yzq h 0 Iy ™~ ’:‘
K Exclude these (b) .
K3 &
K (a) elements (3
gt - Pat
(] Figure (5.5) (]
§ !:rom Figure (5.5)(a), Applying KCL to node 0 in, §
¥ hb=6+ih A (1) &
Y ) . . 8!
% So from Figure (5.5)(b), the mesh equation is, K
§ - 20+ 6 +10i, + 4i, = 0 $
% 6iy +14i, =20 ...(2) (]
% Solving equation (1) & (2), we get, 3
¥ L=-32A and Ib=-28A
¥ A (2
X b4 &
Oy
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% Example 3: Use mesh analysis to determine iy, i, & i3 for the circuit in Figure (5.6). &
(3 : &
& Solution: &
§ Note: mesh (1) & mesh (2) are supermesh, because E§
& there exists a current source between them. | K

O
ro
-
r~
AN
2
-
~—
OO

% For supermesh (1) & (2): 6v (2) f,\’) 5 ) 10 R

§ 1) Find the relation among iy, i, and the current ? ? > §
. source, so take node (s) in Figure (5.7) and il (:) RN 4
K apply KCL to find this relation. i %
i =iyt 3 (1) | i
$ Figure (5.6) K
K3 (]
K3 (
K3 (
(] . N : (
K 2) Eliminate the current source branch as in Figure (5.7) and write the supermesh K
. equation as follows, o1 ® .
Pl - - - H H H sl
:i: Vi = 2('1 - |3), Vo = 4('2 - |3), V3= 8|2 & V4= 2|3 V2. 1‘: J¥s2n :g:
; 6V HV+ V=0 _ } a1 §
E:i —6 + 2(|1 — |3) + 4(|2 — |3) + 8|2 =0 6\ ) * \ ) . E:i
% 2i; + 12i, — 6i;=6 12 /N, kS
(3 . i - L 37 %"2sa ¢
:i: Sl 6|2— 3'3 =3 (2) s ) J :§:
:g < L : < :g
$ Figure (5.7) s
( (
(S (
E‘:; For mesh (3): E§
»at _ ’at
: Vi —Vo-v;=0 K
Eg 2'_3 - 4('_2 - |3) - 2_('1 - i3) =0 Y2 Eg
R —Iz* 2('_2 - |3_) +(i,—i3) =0 R
§ s+ 2i,—4i3=0 ...(3) ;§
§ Solve equ.s (1), (2) & (3) we get, §
¥ L =3.474 A, 1,=04737 A, 13=1.1052 A. 3
Pat Pat
S &
S &
S &
S &
% &
% &
% &
(3 (3

Pat Pat
0O o= 0O
Pat Pat
O <l“@l> O
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e

o ()
% Example 4: Use mesh analysis to determine 20 40 8
:§1 the current flowing in the (4Q) resistor for :§1
Pat - - - - | - Pat
s the circuit shown in Figure (5.11). b . .
%  Solution: ’ il
>.1 - 16\ ER U ) bll ’.‘
'8 . . ' & K
% Redraw the circuit as shown below & 12 “
% indicate the voltage polarities on each
% element in the circuit. K
& Figure (5.11) h
( %
* 0
s For supermesh (1) & (2): 6 g s
$ ip=i+4 (D AW = W— %
(3 . . . p oy - (3
Eg Vi = 2y, Vp = —6(ip — 1) A [ ;i -1 ' Eg
E:: 16 +vi—Vv,=0 ; _ _! Y210 ¥ 230 E:l
»§ ~16+ 2i; +6(1, — i3) =0 16V A(}) r\hse + - ;§
§ - 20+ 6~ 6i= 16 . (2) A%t 27| (% D) Osev §
& Substitute Equ.(1) in (2), we get, ’ [ ’ P K
% 2i, + 6(i, + 4) —6i3= 16 | K
% & 8lp —6Ik=-8 ...(3 Figure (5.12) &
' 3
& &
Pat .1
% For mesh (3): $
:s: Vs = 4ig, Vs = —1(i3— 1y) :§:
§ 121, -vy+vs+v,=0 K3
s 12y + 1(is — i) + 4ig — 6(i, — i5)= 0 s
§ It is clearly that, |1, = is %
Eg Soo— 6|2 + 23|3 — g = 0 (4) Eg
g Substl_tute Equ.(l) in (4), we get, s
;§; s —6i;+23i; —i, =24 ...(5) ;§
(S (
(S (
% For mesh (4): $
§ Vs = 3y &
' 3
E:i 36—12|p+V4+V5:O E:i
:?: 36—12|3+V4+V5=0 :?:
§ 3612105 —1(is—is) +3i4= 0 ;
$§ - 13 —4i, =36 ...(6) $
% Solve Equ.s (3), (5) & (6) we get, $
S [8 —6 017k —8 K
¢ |-6 23 —1||iz|= |24
¥ Lo 13 —4lli 36
() 0O
e

{ ral
3 oSgA 3
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()

3 K
§ i -1 (]
¢ [l 8 —6 0 —8 .
& li2]=1-6 23 -1 24 E:i
(S %
% L 0 13 -4 36 R
§ I —0.55 Egi
%: 3 i3 = 0.59 %:
g L, —7.082
|~ 1b=1s=059 A :
9§ §
9 §
§ §
' §
§ §
§ §
§ §
yat . . . ’at
§ Note :- mesh paths can take different ways as explained in Examples (6), (7) & (8), :§
§ but note that each element in the circuit must carry one loop or more. §
% 9
% '
% '
% '
% '
% '
% i
% i
% §
i §
& i
& i
§ Example 5: Use mesh analysis to determine the branch currents I, I, & |5 for the circuit §
% shown in Figure (5.13). &
% Solution: K9
® ®
al ! / <
s For mesh (1): — 42 —e O §
Eg -15+ VitV + 10 = O, Vi = 5|1 & V, = 10(|1 — |2) + l/ S T Eg
Eg —15 + 5|1 -+ 10(|1 - |2) +10=0 Eg
s 15i; —10i,=5 }=+5 ' L vl s
& 30 —2i,= w240 %
I§1 3y —21b=1 ...(1) - (TN = 3 i§
(3 ’ ’ (3
Pat Pat
& For mesh (2): m :
gt - - Pat
:%: V§+V4-—V2—1Q=Q, V3:6|2& V4:4|2 | :?:
& 6i,+4i,—10(i, i) —10=0 %
§ —10_|1 + 2_0|2 =10 }-=+10 Figure (5.13) Eg
::: _Il + 2I2 = 1 .. (2) :::
Pat - 1 - - - Pat
§ Solve Equ.s (1) & (2) simultaneously or by Grammer's rule or by matrix inversion method ;§
% to find mesh currents, &
« g = 1A i = 1A ;
I, = iy = 1A, l,= i, = 1A & l;= i;—i, = 0A
X A &
S <(70)> K

{ ral
3 g 3
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P.i
3 K3
% Example 6: Repeat Example (6) for the mesh indicated in Figure (5.14). ¥
(3 : 3
%  Solution: L . ! K9
K — 50 B 60 )
s For mesh (1): — - _ %
Eg -15+ V]: +V, +10 : O, Vi = 5|1 & Vo = 10(|1 + |2) B l i Eg
& —15+5i; +10(i; +1iy) +10=0 i : K
Eg 15'1 * 1O|2 =95 }+ 5 ) 1 — k L2 ~ %24Q %
:g o 3'1 + 2|2 =1 (1) SV : ’:‘ - :\ ) - :;:
% For mesh (2): | ;
:i: —V3—Vs+ Vo + 10 =0, V3:—6i2& V4:—4 i2 :::
§ 6i,+ 4, + 10(i, + i)+ 10=0 Figure (5.14) §
§ 1O|1 + 20|2 =-10 }— 10 E.i
§ ciyp +2ip=—1 Q) o _ §
§ Solve Equ.s (1) & (2) simultaneously or by Grammer's rule or by matrix inversion method §
% to find mesh currents, &
€ o= 1A i, =-1A i
% . . .. 8!
::: |1: Ih = 1A, |2: —|2:1A & |3: I+, = 0Al E::
3 3
s (S
§ Note:- the elements currents must be same although the mesh paths are different but the §
% mesh currents may be different which depend on the mesh paths. K
(S (S
(S (S
% Example 7: Repeat Example (6) for the mesh indicated in Figure (5.15). (S
% Soluti ’
¢  Solution: ;
s For mesh (1): — =t B s
¢ —15+v;+Vv,+10=0 g i *S- (S
R _ 10 1 K
s Vi =5(ip + Ip) & v, = 10i, > - . . ;
§ ~15+5(i; + ip) + 10, +10=0 a '\ 30§
:g 15|1 +5|2=5 }—5 OV - ) - :?:
§ o3I +ip=1 ..(1) 4 ) $
E:: . | * et ‘ E::
R For mesh (2): 4
§ —15+ Vv, + V3 +V, =0 Figure (5.15) §
¥ V3=6I, & v,=41, o
§ —_15+5(!1+|2)+6|2+4|2:0 §
¢ 5i; +15,=15 }+5 K
Pat - - Pat
:§: Sl +3|2= 3 (2) :i:
% Solve Equ.s (1) & (2) simultaneously or by Grammer's rule or by matrix inversion method
S . s
% to find mesh currents, K
& i =0A i,=1A
ly =iy + i = 1A, =i, = 1A & l3=i; = 0A
& Same results for elements currents and different mesh currents. H
Pal Pl
(3 oA 2
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% H.W.(1): Use mesh analysis to determine the branch currents for the circuit shown in
% Figure (5.16). .@

Pat
(3 1K (3
(3 C a (3
3 AW | (3
(3 (3
(3 (3
,Q ()
() ()

. K 8
ot ———— {
() & ()
(3 10V Y, 3
Pat - Pat
K 1K K
K d< AW K
Pal h Pl
(3 *
(3 (3
' Figure (5.16) (5
O o
K3 (3
Pat Pat
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Pat Pat
() %
(3 *
() *
(3 *
() )
* ()
* ()
8 8
ol ’al
] ]
(2 8
* *
X (-
X (-
R (]
x X
X x
3 3
3 3
Pat Pat
(4 %
(0 (0
hat Pat
(4 %
Pat Pat
o o

()
gt P.i
gt Pat
o *
Pat P.i

()
Pat Pat
X X
Pat P.i

()
Pat Pat
X X
Pat >.1

()
Pat Pat
X o
Pat >.1

()
% Y
Pat Pat
X o
& >°<
& R
R R
(2 (2
! ]
ot 2
ot ag
] ]
ot YA
& ]
] ]
ot &
. A
Pat Pt
() 0O
§ vAg s
[ <‘@l> (2
2 g &
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(3 (3
3 K3
i | Pectuee (6) Superposition K
§ If a circuit has two or more independent sources, one way to determine the value of a :g
% specific variable (voltage or current) is to use nodal or mesh analysis.
& Another way is to determine the contribution of each independent source to the variable ¥
; and then add them up. The latter approach is known as the superposition. ;
% The idea of superposition rests on the linearity property. &
(S (s
(S (S
§ The superposition principle states that the voltage across (or current through) an §
% element in a linear circuit is the algebraic sum of the voltages across (or currents %
(S (S
% through) that element due to each independent source acting alone. &
(3 *
(S (S
S (S
'8 (S
% | Steps to Apply Superposition Principle: o &
% | 1) Turn off all independent sources (where voltage sources replaced by short circuit '
() o
§ and current sources replaced by open circuit) except one source. Find the output E§
§ (voltage or current) due to that active source using the techniques discussed E§
§ previously such as Ohm's law, Kirchhoff's laws, Source transformations, Mesh §
& i &
&« | current and nodal Analysis. @
: Note: Dependent sources are left intact (don't turn off) because they are controlled .
(S (s
o . ; . 3
s | by circuit variab les. (5
() ®
§ 2) Repeat step 1 for each of the other independent sources. §
:§: 3) Find the total contribution by adding algebraically all the contributions due to :§
s | the independent sources. K
S (S
'8 (S
'8 (S
§ However, superposition does help reduce a complex circuit to simpler circuits through §
§ replacement of voltage sources by short circuits and of current sources by open circuits. :§
§ Keep in mind that superposition is based on linearity. For this reason, it is not applicable to §
% the effect on power due to each source, because the power absorbed by a resistor depends %
§ on the square of the voltage or current. If the power value is needed, the current through :§
; (or voltage across) the element must be calculated first using superposition. ;

al nal
& SgA &

*’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’A’X’X’X’X’X’X’X’X"X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘



P‘0XOXOXQXQXQXQXQXQXQXQXQX’X’XOXOXOXOXOXOXOXOXOXOXQXQXQXOXOXOXOXOXOXQXQXQXQXQXQXQXQXQX’X’X’XQXQXOXOXOXOXOXO}>XOXQXQXQXQXQXQXOXOXOXOXOXOXQXQXQXQXQXQXQXQXQX’X’X’XQXOXOXOXOXOXOXQXQXQX‘z<
Pat Pat

o, 9,
¢ | University of Diyala Electrical Engineering Fundamentals (J%
% [l Engineering College 1st Class

S ||| Electronic Department Year (2013-2014) Asst., Lecturer : Wisam N. AL-Obaidi

()

() o
% Example 1: Using the superposition theorem, find :
}d . . R } of A S V'V'¥'y .‘
&V, In the circuit of Figure (6.1) shown below. + K
$ Solution: % 32Q (4)4a (D) 1oV §
¥ Figure (6.1) ¥
& 1) Let the voltage source of (10 V) acting through the circuit and turn off the independent ¥
% current source by replacing it by an open circuit and redraw the circuit as shown below. &
(S (S
(S (S
(S ' (S
(S \% \% R=3Q R=5Q (S
& The total current lyoy = = Ak B3 _ K3
& Riotat  R1+Rz+R3 [ l ‘ (3
% N T oc. ‘ 0
gt Pat
; 5+ 3 +2 [ | ;
Yal ’ . ral
§ 21, =2X hgm=2x1=] 2V Figure (6.2) E§
(3 3
S (S
'8 (s
'8 (S
% 2)Let the current source of (4 A) acting through the circuit and turn off the independent
% Vvoltage source by replacing it by short circuit and redraw the circuit as shown below. &
% Use current division rule, K3
(S (s
& R.=3Q R =5Q K2
) Rq A AAAA (3
¥ lry = 15X &
$ Ri+ (R2+R3) ' ’ ;§;
: 5 SR=20 (})4A S
w4 =2 | | b
K 5+ (3+2) _ R
.1 (
§ U, =2XIgg=2x2= 4V Figure (6.3) $
(S (S
b: ! " >.:
& “Vo=v,+tv, =2+4=|6V E:‘
(3 3
'8 (S
'8 (S
'8 (S
R y o 200 s
s Example 2: Use superposition to find v in the AAAA — .
§ circuit of Figure (6.4) shown below. r ‘ E§
K wov (D) aa®) 403 A>oay §
:.: e \ '/I \ ) - ‘_: \\ « 4 &y :.:
3 Figure (6.4) 3
X A &
X g4 &
Ly
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Solution: (S
1)Let the voltage source of (20 V) acting through the circuit and turn off the independent

current source by replacing it by an open circuit and redraw the circuit as shown below. ()

Use nodal analysis to find v,. 0Q _ ¥

! ! W
v,— 20 % , - (5
x x _ oC. 40 )1 2
+ *—01v, =0 ’ ’ %
X v Al

20 4 R
; : 1 X

v, =5V (3

Figure (6.5) &

2)Let the current source of (4 A) acting through the circuit and turn off the independent
voltage source by replacing it by short circuit and redraw the circuit as shown below. ¥

Use nodal analysis to find v, . 00 o &
" " YN — [ 1 ’0‘

X _ 44 2= 01y =0 T
20 4

v, =20V | | s

1A(}) s 2 > 000 ¥

— s

A=V, tv, =5+20=25V Figure (6.6) %

Alternative solution: S

1)Let the voltage source of (20 V) acting through the circuit and turn off the independent ;§
current source by replacing it by an open circuit. &

Use source transformation and transform the voltage &
source of (20 V) to current source and redraw the : _ *

circuit as shown in Figure (6.7). L +laoq s

== p i :
20 20 | (3

Apply KCL, Figure (6.7) '8

! I >.1
' . . . v . v et
1+0.1vx:|1+|2,|1:£ and 'sz K

’ v v ’ 'g
21+0dy, ==+ =, :
20 4

<d = %
LA %
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()

()

% 2)Let the current source of (4 A) acting through the circuit and turn off the independent %
& . . L 3
§ voltage source by replacing it by short circuit and redraw the circuit as shown below. §
(S (S
(S , s
& Use source transformation and transform the Current 20 Q » 40 R
% sources of (4 and 0.1v, ) to current source and redraw - e s &
§ the circuit as shown in figure. sov ) . | 0.4 §
i Vo= xR 1
& =4 x 20 =280V (for independent current source) Figure (6.8) K3
(S (S
:.: 1 " :‘:
s =0.1v, x4=0.4v, V (fordependent current source) K
(S (S
% Now apply KVL, $
(S (S
s -80+ 241+ 0.4v, =0 K
§ . 80—0.4v, ¥
R (1) s
24
::: " - " :::
;§; -v, +4i+04v, =0 ...(2) ;§;
(S (S
& . - &
% Substitute equ. (1) in equ.(2), we get, &
a! " w
@ n 80 _0.417 n @
% v, +4———)+04v, =0
:‘: X ( 24 ) X :;:
& &
S| =20V K
& K3
o (3
“: 7 " ‘:
$low=v, +v, =5+20=25V &
() 9,
& &
& &
et Pat
§ [H.W/ Solve the above example by using Mesh Analysis. ] :§
hal Pat
K9 K9
K9 K9
K9 K9
A A
() 0O
Yo

{ ral
3 g 3
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Pat Pat
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Pat

; K
3 (]
:.: Y P.:
£ (Leoture (7)) Thevenin’s Theorem i
x &
* &
% | Thevenin’s theorem states that a linear two-terminal circuit can be replaced by an | %
% | equivalent circuit consisting of a voltage source Vy, in series with a resistor Ry, where | ¥
% | Vq, is the open-circuit voltage at the terminals and Ry, is the input or equivalent | %
% | resistance at the terminals when the independent sources are turned off. K
* *
& *
¢ How to find Thevenin's equivalent circuit (3
(S (S
§ 1) Remove R, from the circuit terminals A and B and redraw the circuit. Obviously, §
§ the terminals have become open-circuited. §
§ 2) Calculate the open-circuit voltage V,. which appears across terminals A and B when §
;§; they are open i.e. when R, is removed. It is also called ‘Thevenin voltage’ V. E§1
§ 3) Compute the resistance of the whose network as looked into from these two E§
§ terminals after all voltage sources have been removed leaving behind their internal §
§ resistances (if any) and current sources have been replaced by open-circuit. It is also §
% called Thevenin resistance Ry, §
§ 4) Replace the entire network by a single Thevenin source, whose voltage is V1, 0r V. §
I§1 and whose internal resistance is Ry, ;§
§ 5) Connect R back to its terminals from where it was previously removed. §
E§; 6) Finally, calculate the current flowing through R by using the equation, E§
(S (S
K 1% 14 R &
: | == V| =R =———Vp, ;
& Rrp+Rp  Rrp+Ry Rrp+ Ry $
gt Pat
::: Linear - ‘ i :::
::: circuit S M Fm (2) 7 :::
$ —— | | s
K9 : K9
K9 K9
E:i (a) (b) §
§ Figure (7.1): A circuit with a load: (a) original circuit, (b) Thevenin equivalent. §
¥ < = (2
K 554 &
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()

()

§ How to find Thevenin's equivalent resistance (Ry) E§
§ B CASE 1 If the network has no dependent , —— o e et | : §
et ; TR all independent 2 0:
s sources, we turn off all independent sources. | - g .
:.: . . . - S 10 2ero o B }.:
% Rq, is the input resistance of the network &
% looking between terminals a and b, as shown K
% in Figure (7.2-h). Figure (7.2) : Finding V11, and Ryp, 3
& &
& &
() 2

& m CASE 2 If the network contains both dependent and independent sources, we turn &
« off all independent sources. As with superposition, dependent sources are not to be turned
& Off because they are controlled by circuit variables. &
& We apply a voltage source v, at terminals a and b and determine the resulting current. %

§ Then Ry, = = , as shown in Figure (7.3-a). Alternatively, we may insert a current source :§
N o bo o _ _ _ k)
§ I, at terminals a-b as shown in Figure (7.3-b) and find the terminal voltage v, Again Ry, = :§
& v i L ) &
§ —=. Either of the two approaches will give the same result. In either approach we may :§
€ lo _ ) (3
§ assume any value of v, and i, For example, we may use v, =1 V or i, =1 A, or even use §
Pat - - Pat
§ unspecified values of v, or i, >§
(S (S
(S : (S
’:‘ Cireuit with Cremt with ’:‘
::: all independent all independent . o :g
:g sources set equal sources set equal f ) i :g
:‘: 1o zero 10 2e10 | A :;:
(D ®
'0‘ h '0‘
(S : (S
E:i a) {b) E:i
E§ Figure (7.3): Finding Ry, when circuit has dependent sources. §
§ It often occurs that Ry, takes a negative value. In this case, the negative resistance §
§ (v=—iR ) implies that the circuit is supplying power. §
'8 (S
(S (S
S (S
S (S
§ Alternative method: (this method can applied for circuits doesn't have dependent sources §
% and for circuits have dependent sources) &
§ (1) The open-circuit voltage V.. is determined as usual with the sources activated. :§
§ (i1) A short-circuit is applied across the terminals a and b and the value of short-circuit ig
& current i is found as usual. &
%  (iii) Thevenin resistance Ry, === It is the same procedure as adopted for Norton’s K3
s
theorem.
Yo
K3 O5A '
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e

o ()
% Example 1: Using Thevenin’s theorem, find the Ul o2 a &
& equivalent circuit to the left of the terminals in the Bl o s I
Pat - - - - . N Pat
% circuit of Figure shown. Then find |. <7 (R D - %
(s ) 18V (2) (1)3A $4Q S1Q ¢
K Solution: [ | ~I é
% Remove the branch where the required current b
8 (I) flow through it (the branch RL=1 Q). Figure (7.4) K
9§ §
9 §
:.: - - L) HLY) ) :‘:
¥ s To find Ry, , turn-off all independent sources I AR e 9 &
o §
% i.e. (replace voltage sources by S.C. and replace _ _+ R. &
$ (rep g y drep s.c. 0.C 402 <:] $
s current sources by O.S.) as shown in figure T o 8
$ below. i
& ; &
@ 12 x4 _ @
3 Rrh= (6+6)]|4 = =30 Figure (7.5) X
8 12 +4 &
% '
% '
% '
% '
% . . . . . i
& s To find V5, , use any method discussed previously to find voltage between terminals R
& . &
8 a&Db, ie. (Vo orVq). _6Q , 6Q ,  a >§
& | | - 1 &
(3 . | | K
& Use nodal analysis, 18\ })3a 34Q ¥ i
K For node (1), | L !
9 = : (]
1§ ~ '
3 V;—18 V=V : &
3 A7 g4 A7 Figure (7.6) K
(3 6 6 (]
' §
K For node (2), K
() ()
9§ §
& V,—V V. ¥
% 2 1 42 E::
K 6 4 §
% 9§
& &
2Vi— 5V, =0 )
% '
& &
§ Solve Equ.s (1) & (2), we get, §
& &
V2=9V=Vy,
() 0O
a5

{ ral
3 27 3
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¢ Connect the equivalent Thevenin's circuit as shown in ‘— VWV T
Figure (7.6), AE ’LSR, -
_ VTh _ 9 _ =
II‘_RTh+RL_3+1_2'25A ;J
bh
Figure (7.6

[H.W.:- Find V1, for example (1) by using Mesh analysis. ]

s N30
Example 2: Find the Thevenin equivalent circuit of | — | a
the circuit shown in Figure to the left of the terminals. .~ * onre By
Solution: ‘ ] Pty I
Figure (7.6)

¢+ The circuit have dependent source, then to find R+, turn-off all independent sources

and apply a voltage source (v,=1 V) across terminals a & b, then find the source
current (i,) as shown in figure below. : -

50 3 Q)

| 7T\ ~ 1IN L TN T
Use Mesh analysis, 5. \ 41 57 1240 o
{ ,
For super mesh (1) & (2), - -
I,=1; + 1.5l ..(1) Figure (7.7)

& [1L=1, ..2)

Substitute equation (2) in (1), we get,

I, = -0.51, ..03)

5'1 + 3'2 + 4('2 - |3) =0

51, + 71,— 41, =0 ..(4)

Ay
s

LD OO OO VOOV DVVVVVDVVD OV OOL OOV OOV ODDVVVVVDVDD VDD OVD OO VODOODO VDOV VDO
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& For mesh (3) &
¥ ¥
::: 4'2— 4'3 =1 :::

() |2—|3: 0.25 (5) K

Solve Equ.s (3), (4), & (5), we get,

§ L=2A=1],|l;=225A=-i| C——> |i,=2.25A
(S vV, 1V &
& S Rpy=—= =0.44 Q (]
M= s 0 Q
s (S
(S : : . L I §
K > To find V5, use Mesh analysis on the original circuit as shown in figure below, K
: ;
§ For super mesh (1) & (2), sa L 3 §
(3 A ’ &
& : '
; L= I, + L5I, ..(6) LT N $
% 6\ ) \CA 151 ) 4Q v, 8
! _ 7N J = (3
::: & IX_ |2 (7) ’ K~ e~ } ' E%
% | ! v B %
. Substitute equation (7) in (6), we get, Figure (7.8) Ei
& %
(S I, =-0.51 ...(8) &
:;: '6 + 5|1 + 3'2 + 4|2 - O N 0.44 a :;:
& s |5l + 71, =6 ...(9) —_— $
(S - (s
s Substitute equation (8) in (9), we get, $
s '
% Lb=133A » : $
K Vin=4x%x1,=4%x133=533V Figure (7.9) g
; 3
gt .‘

o
gt P.i

o
et P.i

o
& &
& [H.W. - Solve example (2) by using Nodal analysis. ] s
8 &
X A &
O

K3 OSGA 3

LD OO OO VOOV DVVVVVDVVD OV OOL OOV OOV ODDVVVVVDVDD VDD OVD OO VODOODO VDOV VDO
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e
o ()
* . . . - - (3
% Example 3: Find the current flowing through the 4 Q resistor of Figure (7.10) using %
& Thevenin theorem, if (i) E= 2V and (ii) E = 12V.. K
el - Pat
¢ Solution: .
& &
hal . . . . - .1
¢  When we remove E and 4 Q resistor, the circuit becomes as shown in Figure (7.11). Eg
: 15 P 15 ¢ K
% . : | %
* = A—WW—|——>B i o "
3 = : | .
3 36V ? ; 36V .
& | Y &
:§: 3137’1 N\\f) 3072 rﬁ) I§
\{ Pat
al ) : "l
§ Figure (7.10) Figure (7.11) §
% (
& &
()
hal P.1
(] (]
K2 % For finding Ry, i.e. the circuit &
& . ) . &
% resistance as viewed from terminals | &
$ A and B, the battery has been short- RO 7 R $
§ circuited as shown in Figure (7.12), |sc Y 5 8 §
we can redraw the circuit as shown ¢ y P [~
( - o % o0 0 s
s in Figure (7.13). 0K, M9 R, s
s Y AW AW K3
% %
() . . 30 9 %
K It is seen from Figure (7.13) that, R
. : : .
E,:: Rin=Rap=15|30+18]||9=16 . Figure (7.12) Figure (7.13) Eg
% '
% '
% %
:§ < We will find Vy, = Vg With the help of Figure E§
§ (7.11) and redraw it as shown in Figure (7.14). i g” ;‘ilx E§
§ To find voltages for each resistance we use - (KVL )- §
$ voltage divider rule, A b . A $
& 15 36VT 49 th : &
. v =36 X — =12V ) } $
el 4 Pat
$ 1; 30 %‘3 Y %9 .
K Vo= 36 X —— =24V - - 8§
(2 2 (2
1849 - ~ :
8 Now apply KVL, Figure (7.14) 8
E% Vi V=V, =0 Eg
: aVr =V — y=24-12=12V .
n A s
S <8y K
K3 O5A '
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¢S _ ¢S
& Vi + V3=V, =0 ;::
S SV =va— Vg s
& 30 &

% V3 =36 X ——— =24V %
15+30

9
vy =36 X —— =12V
1849

X A
::: -'-VTh=V3—V4:24—12:12V :::
(4 (4
3 K
(3 %
(3 %
3 %
3 %

* ¢ The Thevenin's equivalent circuit is shown in Figure (7.15). &
K3 The current through 4 Q resistor is , K2

}.‘ -
$ @
s Vi —E _12-12 _ 5

$ i) |

= = (3
% Ry, +4 16 +4 (]

K K
K &
K K
K &
K K
K K
O O
s s

< - <
() )
(3 (3
(3 (3
* *
O
. , , 4C) %
. V, =12} 3
P Ih P
(3 (3
(3 - (3
(3 e (3
(3 (3
(3 (3
(3 (3
(3 (3
(3 e (3
3 ~ E 3
Pat P.i
Pat P.i
Pat Pat
(3 (3
Pat P.i
Pat P.i
Ko ® K3
Pat Pat
O
Pat Pat
(3 3
(3 . 3
K9 Figure (7.15) &
(3 3
(3 (3
(3 (3
(3 3
(3 3
(3 (3
(3 3
(3 (3
() ()
sl el
ot 2
ol ’al
"l "
ot YA
a s
"l a
ot &
) 2
Pal Pl
() O
* YA ¥
(3 <(83)=> (3
() LFA %
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()

() ()
s Special Case: Circuit have dependent sources only (without independent sources) %
% = . - - Z %

% When there exist dependent sources only & there are not any independent source, then we s
% must excite the circuit externally. The simplest approach is to excite the circuit with either
% a 1-V voltage source or a 1-A current source. Since we will end up with an equivalent

% resistance (either positive or negative).
; In addition we will not have a value for Thevenin's equivalent voltage (V1 = 0); only Ry, ;
% have a value which may be (either positive or negative).
(S (s
& Example 3: Determine the Thevenin equivalent of the circuit in Figure (7.16) at %
8 : (S
K terminals a-b. K
% Solution: _ I |
03 . . J
§ To find R+, apply a independent current source of 1A LF §
% across terminals a & b as shown in Figure (7.17). %Yy 49 e - $
K3 : : s
% Use nodal analysis to find the voltage across current - oh %
% source, Figure (7.16) E§
§ Vo UV §
& 2i+—+——1=0 ..(1) by vy S S &
(3 4 2 T T TTMA e e—— i s
§ i =" % _~ % > o S Taa g
g &= > - 5 ..(2) 2i. {§ ) 4Q 2Q D, $
§ Substitute Equ. (2) in (1) we get, : §
gt — h gt
I§1 % Vo U — I§1
Pat - . Pat
& 2( 0) +—=+-—2—1=0 Figure (7.16) &
¥ 2 4 2 %
K3 v, K3
§ Vo= —4V #Rm=7T=—4Q 5
S (S

% The negative value of the resistance tells us that, according to the passive sign convention,
& the circuit in Figure (7.16) is supplying power. Of course, the resistors in Figure (7.16)
& cannot supply power (they absorb power); it is the dependent source that supplies the ¥

§ power. This is an example of how a dependent source and resistors could be used to E§
>.1

% simulate negative resistance. %
& We know this is not possible in a passive circuit, but in this circuit we do have an active ¥
% device (the dependent current source). Thus, the equivalent circuit is essentially an active &

& circuit that can supply power. ;
%« Note that as there is no independent source in the original circuit, then V, =0 V.
X A X
(X = ()
E:i <IDQI> §
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% | Norton’s theorem states that a linear two-terminal circuit can be replaced by an | ¥
% | equivalent circuit consisting of a current source Iy in parallel with a resistor Ry, where Iy |
% | is the short-circuit current through the terminals and Ry is the input or equivalent | &

& | resistance at the terminals when the independent sources are turned off.
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% How to find Norton's equivalent circuit $
% This procedure is based on the first statement of the theorem given above. %
s : : : : - s
% 1. Remove the resistance (if any) across the two given terminals and put a short circuit %
3 (3
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% across them. &
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% 2. Compute the short-circuit current isc. | |, = .. &
(5 se 3
§ 3. Remove all voltage sources but retain their internal resistances, if any. Similarly, E§
§ remove all current sources and replace them by open-circuits. '§
§ 4. Next, find the resistance Ry of the network as looked into from the given terminals. It is §
& exactly the same as Ry, &
§ Note:the procedure for finding Norton's equivalent resistance is the same as the as the §
(s (S
& o . _ : = *
K procedure for finding Thevenin's equivalent resistance, so Rn =R K
(3 (3
(S e : : (S
% O The current source (i) joined in parallel across Ry between the two terminals gives K
(3 (3
% Norton’s equivalent circuit. &
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I§ Thus, the circuit in Figure (8.1)(a) can be replaced by the one in Figure (8.1)(b). E§
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Figure (8.1): (a) Original circuit, (b) Norton equivalent circuit.
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% Observe the close relationship between Norton’s and Thevenin’s theorems: E&
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§ This is essentially source transformation. For this reason, source transformation is often §
% called Thevenin-Norton transformation. K
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I§1 Example 1: Using Norton’s theorem to solve (Example (1) of Thevenin's Theorem). ;§
% Solution: 3
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(S % We find Ry in the same way as we find Ry, so, 18V () MD3a 340 310 %
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& Figure (8.2) 3
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3 % To find (Iy) we must short the terminals a & A —AAAA———— (3
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§ b to find the sort circuit current I, 3 el ;§
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K Where | Iy = I K
A < R
§ Figure (8.6) §
:§: ¢ The S.C. remove the parallel resistances with it, i.e. (4Q resistor) because the :§:
:i: current will not flow in the (4€ resistor) but tends to flow in the S.C. path ( because :§:
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:§: Equivalent resistance of (4Q resistor) & (S.C. resistor) is, :§:
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§ | PLectute (9)]J Maximum Power Transfer :
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% In many practical situations, a circuit is designed to provide power to a load. There are
¥ applications in areas such as communications where it is desirable to maximize the power
% delivered to a load.

o . B . . e . . R ¢ K3
The Thevenin equivalent is useful in finding the maximum . - A
. power a linear circuit can deliver to a load. We assume that ‘ }i
§ we can adjust the load resistance R, If the entire circuit is v () /, §
s replaced by its Thevenin equivalent except for the load, as T
& shown in Figure (1), the power delivered to the load is ‘ ) §
(S (S
(S 2 s
% |P=ifR =(——) xR, e Figure (9.1): The circuit used for
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s maximum power transfer. s
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& Maximum power is transferred to the load when the load resistance equals the g
§ Thevenin resistance as seen from the load (R = Ryy). :§
% To prove the maximum power transfer theorem, we differentiate p in equation (1) with ¥
% respectto R, and set the result equal to zero. We obtain, %
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& The maximum power transferred is obtained by substituting Eq. (2) into Eq. (1), for §
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Note: Equation (3) applies only when R, = Ry,. When R # Ry, we compute the power
% (delivered to the load using Equation (1). s
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% Example 1: Find the value of R_ such that maximum , : &
& possible power will be transferred to R.. Find also the K
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§ value of the maximum power and the power supplied by o e - B ;§
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% Solution: 102 &
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s Now for finding V1, note that in this circuit, I Y + 'g
;§; V1, = voltage across (3Q) resistor because there is no |~ SV v, ;i;
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