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Symbols and Abbreviations:-

The system of units used in engineering and science is the (International system

of units), usually abbreviated to Sl units, and is based on the metric system.

Quantity Quantity Unit Unit
Symbol Symbol
Length 1 metre m
Mass m kilogram kg
Time t second s
Velocity v metres per m/s or
second ms—!
Acceleration a metres per m/s? or
second ms—2
squared
Force F newton N
Electrical Q coulomb C
charge or
quantity
Electric current I ampere A
Resistance R ohm <«
Conductance G siemen S
Electromotive E volt A%
force
Potential V volt A4
difference
Work W joule J
Energy E (or W)  joule J
Power P watt W

SI units may be made larger or smaller by using prefixes which denote

multiplication or division by a particular amount.

Prefix Name  Meaning

M mega  multiply by 1000000 (i.e. x 10°)
k kilo multiply by 1000 (i.e. x 10%)
m milli divide by 1000 (i.e. x 10—7)
1 micro divide by 1000000 (i.e. x 1079)
n nano divide by 1000 000 000

(i.e. x 1079)
P pico divide by 1 000 000 000 000

(i.e. x 10712

Charge: The unit of charge is the coulomb (C) where one coulomb is one

ampere second. (1 coulomb = 6.24 x 108 electrons).



Thus, charge, in coulombs Q@ = It where | is the current in amperes and t is the
time in seconds.
Example: - if a current of (5 A) flows for (2 minutes), find the quantity of
electricity transferred?
Quantity of electricity Q = It coulombs

I =5A,t=2X%X60=120s,hence Q =5 x 120 = 600C
Force: The unit of forces the Newton (N) where one newton is one-kilogram
meter per second squared. Thus, force, in Newton's F = ma
Where m is the mass in kilograms and aisthe ~ acceleration in meters per

second squared. Gravitational force, or weight, is mg, where g = 9.81 m/s?.
Example: A mass of 5000 g is accelerated at 2 m/s? by a force. Determine the
force needed?

Force = mass X acceleration = 5kg x 2m/s?= 10 kg m/s? = 10 N.

Work: The unit of work or energy is the joule (J) where one joule is one
Newton meter. Thus work done on a body, in joules, W=Fs where F is the force
in Newton's and S is the distance in meters moved by the body in the direction of
the force.

Power: The unit of power is the watt (W) where one watt is one joule per
second. Power is defined as the rate of doing work or transferring energy. Thus,
power, in watts, P = W/t, where W is the work done or energy transferred, in

joules, and t is the time, in seconds. Thus, energy, in joules, W=Pt
_w totalworkdone (J) _ ]

t  total time taken )] s

é: 1watt=1N.m/S

Butv=Y and 1=2
Q t

= — = V.I (watt). ButV=I1R (Ohm's law).

w V.
. p=¥ = ke
t t
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P=V.l=12. R = %watt.

Example: A mass of 1000 kg is raised through a height of 10 m in 20 s. What

is (a) the work done and (b) the power developed?

(a) Work done = force x distance

and force = mass X acceleration

Hence, _ 5
work done = (1000kg x 9.81m/s”) x (10m)
=98 100 Nm
= 98.1kNm or 98.1k]J
kd 981001]
(b) Power = i

time taken  20s

=4905)/s = 4905 W or 4.905 kW

P
I|W)
V=7

Example: An electric heater consumes 1.8 M/J when connected to a 250 V supply for

30 minutes. Find the power rating of the heater and the current taken from the supply.



energy 1.8 x 107
time 30 x 60s
= 1000J/s = 1000 W

Power =

i.e. power rating of heater = 1 kW

P 1
Power P=VI, thus [ = — = 000_

v = 5p — A

Hence the current taken from the supply is 4 A.

1 What quantity of electricity is carried by
6.24 x 10?! electrons? [1000C]

2 In what time would a current of 1 A transfer
a charge of 30C? [30s]

3 A current of 3 A flows for 5 minutes. What
charge is transferred? [900 C]

4 How long must a current of 0.1 A flow so as
to transfer a charge of 30C? [5 minutes]

5 What force is required to give a mass of 20 kg
an acceleration of 30 m/s>? [600 N]

6 Find the accelerating force when a car having
a mass of 1.7 Mg increases its speed with a

constant acceleration of 3 m/s” [5.1kN]
7 A force of 40N accelerates a mass at 5 m/s>.
Determine the mass. [8 kg]

Ohm's Law:

The ratio of potential difference (V) between any two points on a conductor to the
current (I) flowing between them, is constant. Provided the temperature of the
conductor does not change.

A%
In other words, - = constant OR % =R



Resistance in Series:

« R p B ¢ B »p
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Fig. la

According to ohm's law;
V=V1+V2+V3
But V =IR (Ohm's Law)

IR = IR1 + IR2 +IR3 =I (R1 + R2 + R3).

R eq =R1+R2+R3

As seen from above, the main characteristics of a series circuit are :
1. Same current flows through all parts of the circuit.

2. Different resistors have their individual voltage drops.

3. Voltage drops are additive.

4. Applied voltage equals the sum of different voltage drops.

5. Resistances are additive.

6. Powers are additive.



Voltage Divider Rule:

Since in a series circuit, same current flows through each of the given resistors, voltage
drop varies directly with its resistance.
From fig 2:

The total resistance: Rt = R; + R, + R; = 12 Q)

According to Voltage Divider Rule, various voltage drops are:

[ 14
R1 R2 R3 '
vi=V— V2=V —MMM V3=V —M—, R ? ¥,
R1+R2+R3 R1+R2+R3 R1+R2+R3 |

V=V =24xZ=4v
Rt 12

1+

to
-
-<

V,=V.2=24axt =38y
Rt

v,=V.2=24x2=12vV Fig. 2
Rt 12

Example : Using voltage divider rule ( V.D.R.) ,find V1, V2, V3 And V4 from fig. 5

R1 =1 {hm
AVAVAY,
-
V1
A
o}
A2 =2 Ohm
V4
21w — T
o3
\j
R3 =4 Ohm

Fig. 5



Vi=V = 2] - =3v
R+ R2 +R3 1+2+4
R2 2
V2=V =21 =6V
R:1 + R2+ R3 1+2+4
Rs3 4
V3=V =21 - =12v
Ri+ R2+R3 1+2+4
R, + R3 2+4
Vi=V e =21 - - =18v

R:+ R+ R3 1+2+4



Resistances in Parallel: LR

— e WN———
The main characteristics of a parallel circuit are: <3 f»

I. same voltage acts across all parts of the circuit L R

2. Different resistors have their individual current. ] SR g
3. Branch currents are additive. Fig.3

4. Conductance are additive. C 7o

5. Powers are additive.

Three resistances, as joined in Fig. 3 are said to be connected in parallel. In this case (i)
p.d. across all resistances is the same (ii) current in each resistor is different and is
given by Ohm's Law and (iii) the total current i.. The sum of the three separate currents.

174 174 1%
I—Il+12+13, I_R_1+R_2+R_3

Now [ = % Where V is the applied voltage.

R = equivalent resistance of the parallel combination

v _r, v, vot_r,1r,1
Req R4 R, R3 Req R4 R, R3
R1R?2
Reqg=
R1+R2
. I
Current Divider Rule: > J, J,
14 v | |
1= — , l2=—
R1 R2 § § RD
V= 1. Req. T R1
a Vv
_ . R1R2
~ " R1+R2
_ . R2
~ " R14R2
R1

R1+R2



Example : Using current divider rule ( C.D.R. ), calculate | 1,12 and | s from fig. 6 .

11 7 ohm
—— A
12 4 nhm
13 10 ohm
v
IT=20 4
+ I—
|
W
Fig. 6

To find | 1, the other resistances are (4 //10) .

4x10
........... =2.857Q
4+10
2.857
PR ) C— =5.796A
7 +2.857

7x10
--------- =4Q
7+10
4
lo= 20X -------—--- =10A

4+4



To find | 3, the other resistancesare (7 //4).

7x4
-------- =2.545Q
7+4
2.545
l3=20x =4.057 A

2.545 +10



Example. What is the value of the unknown resistor R in Fig.4 if the voltage drop
across the 500 0 resistor is 2.5 volts? All resistances are in ohm.

£50 50 550 50
. I (
{ O—ouAAW

MWMV—O l?- AW\ - NN\—-O- -
| T 1 , §
! i
12NV H;: S0 S 12V R '.I:\? <00
| ' |
B S g——f—0—
Fig. 4
Solution. By direct proportion, drop on 50 L2 resistance = 2.5 x SIS0 =025 V
Drop across CMD or CD = 25+4025=275V
Drop across 550 L2 resistance = 12-275=925V

I = 925/550 = D.0168 A, 1, = 2.5/500 = 0.005 A
I, = 00168 -0.005=00118 A
00118 = 275/R, R=233Q

Example. Calculate the effective resistance of the following combination of resistances
and the voltage drop across each resistance when a P.D. of 60 V is applied between
points A and B.
Resistance between A&C in fig. 5 is
6[3=20
Resistance of branch ACD = 18 + 2 = 20 Q
Now, there are two parallel paths between points A and D of resistances 20 (1 and 50).

ANAA
vy

Hence, resistance between A and D= 20||5 = 4 Q
.. Resistance between Aand B=4 +8 = 12 O

Total circuit current = % =54

Current in branch ACD = 5 x 2—55 =14
.. P.D. across 3 Q and 6 0 resistors=1 x 2 =2V



P.D. across 18 Q resistors =1 x 18=18 VV
P.D. across 5 0 resistors =4 x5=20V

P.D. across 8 {1 resistors =5 x 8 =40 V

Example. Find Rag in the circuit, given in Fig. 9.

é___mm—C—W—
20 15Q 4
B.r o
5Esn I
7N 0
F$200 : z100
300 D 00
Fig.9

Ans. 225






Open and short circuit in series circuits

1. Open circuit :
In this case there are no current flows through the circuit as shown in fig. 1.

I=0

R 1 R2 R3
A AN A
[l
L
W
Fig. 1

2. Short circuit :
If the resistance is short circuited, the current will flow through the short circuit.
(No current flows through the shorted resistance)

As shown in fig. 2.

\/
| ——
R:1 +R2
e\ - A Ay
R1 | R2 R3

Fig.2




Open and short circuit in parallel circuits

1. Open circuit:
In this case, there are no current flows in the open branch as shown in fig. 3.

Fig. 3



2. Short circuit:

In this case, there is no current flow through Ri1, R2 and Rs because the total
current. (I) pass through the short circuit as shown in fig. 4.

I
>

R1

e —

Fig. 4

Fi

Where riis the internal resistance of the battery.



Kirchhoff's laws

1. Kirchhoff's voltage law (KVL):
The algebraic sum of voltages in any closed loop is zero.

SV=0

Now, from fig. 1, there are three equations according to Kirchhoff's voltage law.

Loop 1:
E-V:i—-V2=0

Loop 2: V;-V3—V3=0
V2=Vs+ Vg --mm- (2)
Loop 3:
E-Vi-V3-V4=0
E=Vi+V3z+ Vg (3)



Example: For the circuit shown in fig. 2, using Kirchhoff's voltage law
, find V1 and V..

VMV

-
6V
+
o) g I§
1ov [ i

Fig. 2

+

Loop 1:
10 V2=0
V2 =10V

Loop 2:

10-6-V1=0
Vi1=10-6=4V



2- Kirchhoff's Current Law (KCL):

In any electrical network, the algebraic sum of currents meeting at a point (junction)
is zero as shown in fig. 3.

>I=0, OR X2lin=2X21out

Fig. 3

l1+1l3=hL+1,4+15

|1+|3-|2-|4-|5=0



Example : Using Kirchhoff's current law , find | s from fig. 4 .

Fig. 4

At node 1:

l1+12=13

2+3=5A

I3=ls+15
5 =1 +l1g
ls=5-1=4A

Example : Using Kirchhoff's law , find 1 1, 12 and | 5 for the circuit shown in fig. 5 .

3
5 Ohm 11
—‘\/\/\,—F 1 -
+ -
2 +
+
. 2
WY —— 1 10 Ohm 10 Ohm

Fig.5



Loop 1
20-51:-1012=0
20=511+1012 s
l1+212=4 - (2)
Loop 2:
-101,+1013=0
l2=13-------m- (3)

From Equ. (2)
I R P — (4)

Sub. Equ.(3)And (4)in(1)

4-21,=12+1;
41,=4
I,=1A

From Equ. (4)
l1=4-(2x1)=2A



Delta/Star Transformation:

In solving networks (having considerable number of branches) by the application of
Kirchhoff's Laws, one sometimes experiences great difficulty due to a large number of
simultaneous equations that have to be solved. However, such complicated network
can be simplified by successively replacing delta meshes by equivalent star system and
vice versa.

The two arrangements shown in fig.10 will be electrically equivalent if the resistance
as measured between any pair of terminals is the same in both the arrangements. Let us
find this condition.

> Z ¢
7 A,
/ R .y\‘ ) ™ V‘.\\\
r AW > v >
(a e . saw ’A/
Fig.10
R{2R R{2R
R, = 12131 ‘R, = 121123 . and
Ri2 + Ry3 + Rz Ri2 + Ry3 + R34
> Rz + Rys + Ry Olaglaall g saxe

Note that each resistor of the Y is equal to the product of the resistors in the two closest
branches of the/\ divided by the sum of the resistors in the/\ .

Star/Delta Transformation: c oyt Lols
This transformation can be easily done by using equations. ol noliall _Le slogliall

R1R2 + R1R3 + R2R3 R1R2 + R1R3 + R2R3
12 = R ) 23 = R ; and
3 1

R1R2 + R1R3 + R2R3
31 — R2

Note that the value of each resistor of theA\ is equal to the sum of the possible product
combinations of the resistances of the Y divided by the resistance of the Y farthest from the

resistor to be determined.



علي عباس
حاصل ضرب المقاومتين المحيطة على مجموع  المقاومات


علي عباس
حاصل ضرب مجموع  جميع المقاومات  على المقاومة البعيدة


EXAMPLE Convert the A of Fig. Toay.

Solution:
RpRe (20 Q)(10 Q) 2000 1
Rl = — = — 33 Q
Ri+Rg+Rs 30Q0+20Q+10Q) 60
RiRe B0O)10Q) 3000
Ry + Rg+ Re 60 () 60
= R4Rp o (20 2)(30 ) i 600 () — 10 Ql
Ry + Rgp+ Re 60 ()

EXAMPLE. Convertthe Y of Fig. toa A.

be be

a

Solution:
RyR> + Ry{R3 + R>R;
RA .
R,
_ (60 0)(60 ) + (60 )(60 2) + (60 )(60 (D)
60 Q)
_ 3600 ) + 3600 L) + 3600 Q) - 10.800 ()
60 G0

180

&
u



علي عباس
الرسم مطلوب ومهم 


Example: Find the input resistance of the circuit between the points A and B of Fig.
11.

4 4
- YY TN ! ¢
‘D
4 " 38 1.7Q
D E
B B
O O
fa) (c)

Solution. For finding Rag we will convert the delta CDE of Fig. 11 (a) into its

equivalent star as shown in Fig. 11 (b).

Res=22 - 170, REs=2°—-260, RDs=2°=130
18 18 18

2.6Q+40=6.6Q ,1.3Q+8Q =9.3Q, 6.60Q//9.3Q =
RT=4Q+1.7Q0+3.8Q0=9.5Q

6.6x9.3
= 3.8 ()
6.6+9.3

Example. A bridge network ABCD has arms AB, BC, CD and DA of resistances 1, 1,
2 and 1 ohm respectively. If the detector AC has a resistance of 1 ohm, determine by
delta / star transformation, the network resistance as viewed from the battery terminals.

Solution. As shown in Fig. 12 (b), delta DAC has been reduced to its equivalent star.

a a
1Q
dagldall
&<l

fa) (b fc) (d

Fig. 12

RD=—— =0.50Q,RC=-=0.250, RA=2=0.50

2+1+1 4 4
Hence, the original network of Fig. 12 (a) is reduced to the one shown in Fig. 12 (d). As seen, there
are two parallel paths between points N and B, one of resistance 1.25Q and the other of resistance 1.5
Q. Their combined resistance is: 0.25Q+10Q=1.25Q, P0.5Q+1Q=1.5Q

. — 125x15 _
s.1250//150 = e = 0680

Total resistance of the network between points D and B is:
~RT=05Q+0680=1.18Q



علي عباس
يريد المقاومة الكلية


Exam[:_)le. Use delta-star conversion to find resistance between terminals 'AB' of the

circuit shown in Fig.13 (a). All resistances are in ohms.
20

A 50

Exercises:

1- Find Req for the circuit shown: Ans. = 14.4Q



a0 10
O A WA
20
R gm
0 6Q 30
Oo—AAM
210 30 40
O—AAAN AMAA AAAA
S, %ﬁn %m %5;1
1Q 30
C—AAAN ATATATLY
Ans. = 6Q
wa , 10 4 10 dssall coslg
2 O STATATAF MM MM
6Q s
R 3ﬂ§ §4ﬂ %59
120
ho
b b
Ans.=11.2Q
200
ATATAVAY
30 50

Ans. =11Q


علي عباس
واجب الصفحة كلها


i po Find v, and v, in the circuit shown in Fig. 2.43. Also calculate i, and i

W and the power dissipated in the 12- and 40-€ resistors.
6";1 Answer: v, =5V,i; =416.7mA, p; = 2.083 W, v, = 10V,
52 =250 l'I'IA, P2 = 25W.
AWV * i

130 For the bridge network in Fig. 2.54, find R 5 and i.
Answer: 40Q, 25A.

$ -~

4Q 100
200

100V .

00 509

Cr






Thevenins Theorem:

The current flowing through load resistance R connected across any two terminals
A and B of a network as shown in fig. 1 is given by:

Vth

IL=
Rth + R|_
Where:-

Vih is the open circuit voltage across the two terminals A and B
where R. is removed.

Rth is the internal resistance of the network as viewed back into
the network from terminals A and B with voltage source
replaced by its internal resistance , while current source
replaced by open circuit .

R load resistor

R 1 Network
AW AW -
§FI2 §F!4 § RL
Yy p—
- — B

Fig. 1



Thevenins

equivalent
circuit

Now, Rt and Vi must be found. R could be

found as follows:

1. Replace voltage source by short circuit (if there is no internal resistance), while
the current source replaced by open circuit.
2. Remove R; from the circuit, then calculate R, viewed from terminals A and B.

Vin could be found as follows:

1. Remove R and make sure that the voltage or current source is connected.

2. Calculate Vi, between points A and B.



Examplel : Using Thevenins theorem, find I, in the circuit shown below .

Using Thevenins theorem:-

1. Remove R, and Calculate Vi» between points A and B.

R1=3.9k R2=4.7k

—VW—T"\W\

Ra=8.2k
10V + RL=3.3

 R3=- _82=677V
R1+R3 3.9+48.2

VTH =

RTH:-

RAl1=3 .5k

F3=-B.2k

1. Replace voltage source by short circuit (if there is no internal resistance), while the

current source replaced by open circuit.
RTH=R1//R3+R2

8.2%3.9
8.2+3.9

RTH = + 4.7 = 7.343 k02

Ri=3 5k R2=43k

VTH 6.77
IL= = = 0.636 mA
RTH+RL  7.343+33

VL =IL*RL =0.636mA * 3.3 kQ =1.908 V

VIH=6.77

RTH=7.343 k




Example 2: Using Thevenins theorem, find current flow R3 in the circuit shown below

Sol: find voltage between point A and B.

Vi1 20

5415

Il: =
R1+R2

VagpLeft=11* R2 =1*15 = 15V

R1=5 R3=10Q R5=2

Vi= 20V V2= 10V
I I
B R2= 15 R4=8 T
V2 10
I, = — =14
R5+R4 2+8
Vag Right=12*R4=1*8=8V
VTH=VagL- VAasR=15-8=7V
RTH=R1//R2+R5//R4
s - RTH=5.35 1
— AT yTH VA
l

min

1= 208 V2= 10V
Y
r Ri=B —
I F2= 185

_5115 248 _
RTH=>2+ 22 =5.350

IL=—"" . -0.464

" RTH+R3 ~ 535+10




EXAMPLES: - Find the Thevenins equivalent circuit for the network in the shaded area of the network
of Fig. 9.27. Then find the current through RL for values of 2 Q, 10Q), and 100 Q.

R, R S|
AN - Wv ea
30 30
+ =3
E,——_:9V R, <602 ?:RL T— OV Rﬁ§6()
eb e b
FIG. 9.27
R a £, a
M = MM’ 2 -
30
C ) v Is;LLLE
R =60 — Ry, ng &
C =y ) 2
e ‘ N
b b
(a) (b)
(3 ()(6 L))
R = R Ra=—"—="=12 ()
Th 1 || Ra 20 +60
R’
AWy t a Wy e
30 —I Ry =20 lrL
+ +
E ===gqv R, §6§1 Ep, T Ep, = 6V Ry
= Lb ' b
R-E 6 oV 54W
g REL_(6QOV) 54V _ o
R, + R, 6 L)+ 30 9



Erp

= ——"—
Ry, + Ry

6V
Ry = 2 Q: I =——r  —1.5A
L I 20+20

6
Ry = 10: I = — 0.5A
L L 20+100
R, = 1000: I, = 6V = 0.059 A

2L + 100 02

EXAMPLE 4 Find the Thevenins equivalent circuit for the network in the shaded area of the network
of Fig. 9.33.

FIG. 9.33
AWy *a ANy .
20 I¥|R, =20 I=UT+
O +
ng‘*ﬂ -~— R, I=12A Rl§4ﬂ Ep,
0 ) l
e b :

Fz =I2R2 = ({}}Rz =0WV




NORTON’S THEOREM

The theorem states the following:

Any two-terminal linear bilateral dc network can be replaced by an equivalent circuit
consisting of a current source and a parallel resistor, as shown in Fig.

The discussion of Thevenins theorem with respect to the equivalent circuit can also be
applied to the Norton equivalent circuit. The steps leading to the proper values of IN and
RN are now listed.

Metwork (A)

containing linear |

elements and load = R
ENergy sources I—@ (') -
(dependent or |h Rh

independant) |

Preliminary:

1. Remove that portion of the network across which the Norton equivalent circuit is
found.

2. Mark the terminals of the remaining two-terminal network. RN:

3. Calculate RN by first setting all sources to zero (voltage sources are replaced with
short circuits and current sources with open circuits) and then finding the resultant
resistance between the two marked terminals. (If the internal resistance of the voltage
and/or current sources is included in the original network, it must remain when the
sources are set to zero.) Since RN _ RTh, the procedure and value obtained using the
approach described for Thevenins theorem will determine the proper value of RN. IN:
4. Calculate IN by first returning all sources to their original position and then finding the
short-circuit current between the marked terminals. It is the same current that would be
measured by an ammeter placed between the marked terminals.

5. Draw the Norton equivalent circuit with the portion of the circuit previously removed
replaced between the terminals of the equivalent circuit.




The Norton and Thevenins equivalent circuits can also be found from each other by using
the source transformation discussed earlier in this chapter and reproduced in Fig. 9.5

il
4
el
5
|
2
[
&}

-—En = I.NRN I = RN —_ RTh

FIG. 9.59
Converting berween Thévenin and Norton equivalent circuits.

Example 1 @ Using Norton’s theorem, find the constant-current equivalent of the circuit shown
in Fig. 2.204 (a).

of the circuit. as seen by the battery, consists of a 10 Qresistance in series with a parallel combination
of 10 Qand 15 Qresistances.

15x10

total resistance =10+ =16 Q
15+10
battery current 7=100/16 =6.25 :
10Q o~ 15Q I 10Q .~ 15Q
——MAN - AR oA - = AW ——o 4 - oA
. N 2.5A
100 V
T, glon S §|052 l T ézosz
el ™
B _— aB ol
D
(a) (b) fe)
Flg. 2.204

This current is divided into two parts at point C of Fig. 2.204 (b).
Current through 4 Bis I, =6.25 % 10/25=25A
Since the battery has no internal resistance, the input resistance of the network when viewed

from A4 and B consists of a 15 Qresistance in series with the parallel combination of 10 Qand 10 €2
Hence. R, = 15 + (10/2) = 20 Q

Hence, the equivalent constant-current source is as shown in Fig. 2.204 (c).



EXAMPLE:-2 find the Norton equivalent circuit for the network in the shaded area of

Fig.
Solution:
£
JuM &
31}
.
EToov B=60 R,
Steps 1 and 2 are shown in Fig. = ’
Whe *a
3l
?_EIT R RN
* b
Step 3 is shown in Fig.
|
AN *

in

R:;EISE] &,

RNR1/R2=32 =20
3+6

Step 4 is shown in Fig, clearly indicating that the short-circuit Connection between
terminals a and b is in parallel with R2 and eliminates its effect. IN is therefore the same
as through R1, and the full battery voltage appears across R1 since
V2=12R2=0*6=0V

I, R ] i Short -
A a
30 lzﬁ =0 e
E—==09vw VR =60 Y7
! 5
Short circuited
E o9V
Therefore, IN=— = — =34
R1 3N



Step 5: See Fig. 9.64. This circuit is the same as the first one considered in the
development of Thevenins theorem. A simple conversion indicates that the Thevenins

circuits are, in fact, the same (Fig.).

B =Ry = 210

a

—Fn=LRy=0BA00 =6V

EXAMPLE:-3 find the Norton equivalent circuit for the network external to the 9-Q
Resistor in Fig. 9.66.

Solution:
Steps 1 and 2: See Fig. 9.67.
R; Ry
Wy AWy
SIQ' f 31(2 i
W @
R2§4Q = RL§9Q Rzg“‘“ 10A
. e b
= b =
FIG. 9.66 FIG. 9.67

Step 3: See Fig. 9.68
RN=R1+R2=50+40=9Q



FIG. 9.68
Step 4: As shown in Fig. 9.69., the Norton current is the same as the

current through the 4-() resistor. Applying the current divider rule.

LRI Qa0 soA
NTR +R  50+40Q 9
¥s
AN
510
I o

FIG. 9.69

Step 5: See Fig. 9.70.

INCT)S.SSGA Ry<==9Q Ri==90Q

FIG. 9.70



EXAMPLE:-4 (Two sources) Find the Norton equivalent circuit for the portion of the
network to the left of a-b in Fig. 9.71.

R%ﬂ IQ>8A R-_.§6Q e R4§IOQ
!

P Q

E, A Eymmm 12V

FIG. 9.71

Solution:
Steps 1 and 2: See Fig. 9.72.

* g

R 410}
1 ICI)EA Rz§6!1

E; T TV

in * 5

FIG. 9.72
Step 3 is shown in Fig. 9.73, and
4 (6 () 24 ()
Ry=R||Ra=40 | 60= 36D _ —240

40+ 6() 10

®Q

Ri=40Q l

BTe0 TR

|||——

FIG. 9.73



Step 4: (Using superposition) for the 7-V battery (Fig. 9.74)

Short circuited a

— e
T j

R3§6 Q ¢

E 1—-|-— 7V
= b
FIG. 9.74
ry=BLo TV g
YR 4 T
Short circuited - For the 8-A source (Fig. 9.75). we find that both R, and R, have been
7 N “short circuited” by the direct connection between a and b, and
£ > ~ I”N =I=8A
R=40 ..
I Q) 8A R, ?6 Q 1"y The result is
l I'f\-ﬂ = Ly=I"y—I'y=8A—175A=625A
N N
= h Step 5: See Fig. 9.76.
FIG. 9.75

[ 5]

Determining the contribution to Ly from the
current source I.

Wy
2
I
)
-
=
9
ES
S
=)

. (Dm

l||
o9

FIG. 9.76



Maximum power transfer theorem:

A resistor load will abstract maximum power from a network when the load resistance
is equal to the resistance of the network as viewed from the output terminals with all
voltage sources removed leaving behind their internal resistances and all current

sources replaced by open circuit.

R th
AAY
Vth
Thavenins
equivalent
circuit
R L= Rth
Vin
L=
Rinw+RL
V i
T ——
2Rt
P=(I1)?xRw
(V)2
P max = ---=-------—---- X Rth , P max = (th)
4 Rth

RL=Rth



Example 2.115. In the network shown in Fig. 2.231 (a), find the value of R, such that maximum
possible power will be transferred to R;. Find also the value of the maximum power and the power
supplied by source under these conditions. (Elect. Engg. Paper I Indian Engg. Services)

Solution. We will remove R; and find the equivalent Thevenin’s source for the circuit to the left

because no current flows through 2 Qand 1 Qresistors. Since 15V drops across two series resistors
of 3 Qeach, ¥, = 15/2=7/5 V. Thevenin’s resistance can be found by replacing 15 V source with a

short-circuit. As seen from Fig. 2.231 (b), R, =2 + (3 || 3) + 1 =4.5  Maximum power transfer to
the load will take place when R, =R, =4.5Q

3 2 A 3 2 4 A
MW—F— MW —o0 M——F——W—0 S

(isv 23 RE ()isv 3 | R,

1 B 1
MV—o M O
(@) (b) (c) B

ot

Flg. 2.231

Maximum power drawn by R; = P}hz /4% Ry = 7.57/4x45=3125W,

Since same power in developed in R . power supplied by the source = 2 x 3.125=6.250 W.



Example 2.116. In the circuit shown in Fig. 2.232 (a) obtain the condition from maximum
power transfer to the load R;. Hence determine the maximum power transferred.
(Elect. Science-I Allahabad Univ. 1992)

2 5 2 5 2 5
AMA = A —8 C n—3a
§10 1A 0.5A 1A 1.5A : 0734
B Fo &/ Fo() Zo = ®
T5V
O 0
B
(@ ®) B #
Flg. 2.232
Solution. We will find Thevenin's equivalent circuit to the left of 0d
trminals 4 and B for which purpose we will convert the battery source
into a current source as shown in Fig. 2.232 (b). By combining the two %7,1 |
current sources, we get the circuit of Fig. 2.232 (¢). It would be seen that R
open circuit voltage ¥,z equals the drop over 3 Qresis b ther ' L
age ¥V peq p over 3Qresistance because there i 3
is no drop on the 5 Qresistance connected to terminal 4. Now. there are )2.25 \
two parallel path across the current source each of resistance 5 (2 Hence, =
current through 3 Qresistance equals 1.5/2=0.75 A. Therefore, V= OB
V,,=3x 0.75=2.25 V with point 4 positive with respect to point B. Flg. 2.233

For finding R ;. current source is replaced by an infinite resistance.
Rip = Ry=5+3||(2+5)=71Q
The Thevenin’s equivalent circuit alongwith R; is shown in Fig. 2.233. As per Art. 2.30, the
condition for MPT is that R, = 7.1

Maximum power transferred = Vﬂf /4R, = 2.25%4% 7.1=0.178 W= 178 mW.



EXAMPLE 9.16 For the network of Fig. 9.86. determine the value of
R for maximum power to R, and calculate the power delivered under
these conditions.

Ry Ry
M M
6 () 8 ()
E== 12V R2§3Q R
O
FIG. 9.86
+ V3 =0V —
Rl R3
R R
/ Ms ) %V WQV -:
6 Q 8 0 6 . 8
_+_
= e r R2§
R1§3Q - ETm= 12V 30 Em Exp
g Ry, — s
° °
FIG. 9.87 FIG. 9.88
Solution: See Fig. 9.87.
(6 2)(3 L))
R, =R3; +Ry||R,=8() + =88+ 2 )
Th 3 1| Rz 60+ 30
and R =Rp =10 ()
See Fig. 9.88.
RHE 3 )12V 36V
Ep, = 2 _ Q) ) _ R
Ry + Ry 30+ 615 9
and. by Eq. (9.6).
E7 4V)>
P, —=t @OV _ 4w

max  4Rp  4(10 Q)



Loop Current Method (Mesh Analysis)

Mesh analysis provides another general procedure for analyzing circuits, using mesh
currents as the circuit variables. Using mesh currents instead of element currents as
circuit variables is convenient and reduces the number of equations that must be solved
simultaneously.

In Fig. 3.17, for example, paths abefa and bcdeb are meshes, but path abcdefa is not a
mesh. The current through a mesh is known as mesh current. In mesh analysis, we are
interested in applying KVL to find the mesh currents in a given circuit. In this section, we
will apply mesh analysis to planar circuits that do not contain current sources. In the next
section, we will consider circuits with current sources. In the mesh analysis of a circuit
with n meshes, we take the following three steps.

I R 5 R>

Figure 3.17

A circuit with two meshes.

Steps to Determine Mesh Currents:

1. Assign mesh currents iy. i>. ... . I, to the n meshes.

Apply KVL to each of the » meshes. Use Ohm’s law to
express the voltages in terms of the mesh currents.

Solve the resulting » simultaneous equations to get the mesh
currents.

rJ

W



Examplel:-For the circuit below, find the branch currents Iy, Iz, an

—154 5i; + 10(i; —i2) + 10 =0

d I3 using mesh analysis.

or
iy —2ir=1
hosa L oso
WO ljj WOV N
6iy + 4z 4+ 10(i — i) — 10 =0 Z100
or sv@ (i) (%) Zan
hh=2i—1 (1 10V
6ib—3-2ir=1 = r=1A
i1=2i—1=2—-1=1A. Thus,
=i =1A, h=ir=1A, h=i1—i=0
Second method:
3 =247 [
—1 2112 |1
We obtain the determinants
_| 3 —2|_ —
A__l 2|—6—2_4
1 =2 301
A|=|1 2|=2+2=4. f_\a=|_1 l|=3+1=4
Thus,
. A[ . AI
1] = =] A, I3 = =] A
A A

as before.



EXAMPLEZ:- Find the current through each branch of the network of Fig. using mesh analysis.

- — = = =

| | | +
| | I
1 ol 2 R3§2ﬂ
| | | | —
I | I |

+ [ I+| [

-E]_ __Is‘u E1F_|10‘-? |

—I I I = 2 I

- — — — = P+ - -
a —

Solution:
Steps 1 and 2 are as indicated in the circuit. Note that the polarities of the 6 Q resistors are different for
each loop current.
Step 3: Kirchhoff’s voltage law is applied around each closed loop in the clockwise direction:

loopl: +E; —V;— ¥V, — E>, =0 (clockwise starting at point a)
+5V — (1 ) — (6 )T ¥j’2} —10V=20

I, flows through the 6-0 resistor
in the direction opposite to Ij.

loop2: E, — ¥V, — V3 =0 (clockwise starting at point b)
+1OV -6 MWL -—L)—2MWML=0
The equations are rewritten as

5—!1—611+613—ID=D}—?11+6j’3=5

10 —6L +6I) — 2L, =0|+ 6 — 8L = —10
Step 4. 5 6
— — —40 + 2
I = 10 8| _ —40 6D=_{}=1A
—7 o 56 — 36 20
6 —8
-7 5
b= 6 —1D=s{}—3ﬂ=ﬂ=2A

20 20 20



EXAMPLE 3:- Find the branch currents of the network of Fig. using mesh analysis.

Solution:
Steps 1 and 2 are as indicated in the circuit.
Step 3: Kirchhoff’s voltage law is applied around each closed loop:

loopl: —E, —ILR, — E, — V,=0 (clockwise from point a)
—6V — 2L — 4V — 4L — L) =0
loop2: —V,+E, —V;— E;=0 (clockwise from point b)

—(4 ML —I)+4V— (6L —3V=0

which are rewritten as

—10 — 46 — 2 + 4L, = 0| —6I, + 4, = +10
+1+4I1_4I1_'5Ig=[] +4I1_1|DIE:_].
or. by multiplying the top equation by —1. we obtain
6 — 45, = —10
4L — 10 = —1
Step 4: ‘—ID —4‘
I, = —1 —10] _ 100 —4 _ 96 _ —7.182 A
‘ 6 —4‘ —60 + 16 —44
4 —10
‘6 —10}
L=4 —1 _ —-6+40 34 — 0773 A

—44 —44 —44



Nonlinear direct current circuit:
There are, components of electrical circuits which do not obey Ohm's law; that is, their

relationship between current and voltage (their I-V curve) is nonlinear. An example is
the p-n junction diode (curve at right). As seen in the Fig.1, the current does not increase

linearly with applied voltage for a diode.

rre. 1A

’

A L -—

o 0.4 0O.s P

Fig. 1

One can determine a value of current (1) for a given value of applied voltage (V) from the
curve, but not from Ohm's law, since the value of "resistance" is not constant as a

function of applied voltage.

The source-free RC circuit:



Consider a series combination of a resistor and an initially charged capacitor, as shown in
Fig. 2.

Our objective is to determine the circuit response, we assume to be the voltage v(t) across
the capacitor. Since the capacitor is initially charged, we can assume that at time t = 0, the

initial voltage is v(0) =V,

Er:¥ N PR

O = v R
L
Fig. 2
Applying KCL at the top node of the circuit in Fig. 2,
iC + iR == 0
By definition, ic = €=~ and i = = . Thus,
C dv + C 0
dt R
e 2
v RC
Integrating both sides. we get
Inv = —% +InA

where In A is the integration constant. Thus.

hli —_— _L
A RC

Taking powers of e produces
v(t) = Ae /RC
But from the initial conditions. v(0) = A = V5. Hence.

v(t) = Voe—r/RC‘



Since the response is due to the initial energy stored and the physical characteristics of
the circuit and not due to some external voltage or current source, it is called the natural
response of the circuit.

The natural response is illustrated graphically in Fig. 3. Note that at t = 0, we have the
correct initial condition. As t increases, the voltage decreases toward zero. The rapidity
with which the voltage decreases is expressed in terms of the time constant, denoted by

the lower case Greek letter tau, 7.

Fig. 3

This implies that at t = 7,
Voe */RC = Vet = 0.368 V,
or T=RC
At any rate, whether the time constant is small or large, the circuit reaches steady state in

five time constants. We can find the current ir(t),

. v(t) Vo _
lR(t)=T=§e o

The power dissipated in the resistor is

V¢

t) = | = —Zt/T
p(O) = vig = e

Example 15: In Fig. 4, let vc(0) =15 V. Find v, Vi, and ix for t > 0.



5Q%  01F==y 1202

Fig.4

We find the equivalent resistance .

Reg = (8+12)|5=

T=RpeC=4x01=04s

Thus.

v =v(0)e /T = 15¢7 104 v,

From Fig. 4, we can use voltage division to get vy; SO

~

l!_\. =

Finally.

Practice problem:

Refer to the circuit in Fig. 5. Let vc(0) = 30 V. Determine vc, vy, and ip for t > 0.

ve =v=15¢"""'V

V'=0:6(15e7 ) =9e~2¥ ¥

lZQg 6Q s %

-

12.5 £2 10 ©2
120 '_D c o £~
ISQT} 20O
b b
20 X5 _ 40
20+5



Answer: 30e 97"V, 10e795 V, —2.5¢7 05" A,

Example:
The switch in the circuit in Fig. 6 has been closed for a long time, and it is opened at t =

0. Find v(t) for t > 0. Calculate the initial energy stored in the capacitor.

3Q 75 10Q
AVAVAVAY b AA'A

—

20V 9Q = _‘, 20 mF
Fig.6
30 10
A‘\/V'AVA‘V 4 "«""v‘h'vﬁ'v O
| +
9Q ( ve(0)
| 2
(@)
10
C | ﬂvAvAvA'\
903 ¥=15V == 20mF
(b)
Fig. 7

For t <0, and using voltage division for fig. 27 (a):



x20=15V t<o0

9
ve(t) = 3775

vc(0) =V, =15V

Hence
Fort > 0, the switch is opened, and we have the RC circuit shown in Fig.7 (b)

Rq=1+9=10Q

The time constant is
(A ReqC: 10 X 20 X 10-3=O.23

Thus, the voltage across the capacitor for t >0 is
v(t) = vC(0)et/* = 15e7t/02y

or
v(t) = 15e

The initial energy stored in the capacitor is

x20x 103 x 152 =2.257

b | -

| PR
we(0) = -Cve(0) =

The source-free RL circuit:
Consider the series connection of a resistor and an inductor, as shown in Fig. 8.

+ -\:"P'-

|"-.l

Fig. 8
Our goal is to determine the circuit response, which we will assume to be the current i(t)

through the inductor. At t = 0, we assume that the inductor has an initial current Iy, or

i(0) = I,



Applying KVVL around the loop in Fig. 28,

vi+Vvg =0

Butv; = Ldi/dt and vg = iR. Thus.

di
L—+Ri=0
dt :
or
g + Rl =0
dt E

Rearranging terms and integrating gives

Hl)d
/ ' /—dt

i(t) RI t Rr
ni|] =-—— = Ini(t) —Inly =——+0
Io L, L
or
i@ _ R
Iy L

Taking the powers of e. we have

[(t) — Ioe—RI,r'L

This shows that the natural response of the RL circuit is an exponential decay of the
initial current as shown in fig.9.

W) A

Tangentatr= 0

0.3687, P

o




The time constant of RL circuit is,

TZE

Hence i(t) =lI,e "
So we can find the voltage across the resistor as

vR(t) == iR == Ioe_t/T

The power dissipated in the resistor is
p = vgi = I[3Re™2t/7

The energy absorbed by the resistor is
1
wi(t) = ELIg(l — e72t/m)
Note that as t -, Wg (») - %ng, which is the same as w,(0), the initial energy stored in

the inductor as. Again, the energy initially stored in the inductor is eventually dissipated

in the resistor.

Example:
The switch in the circuit of Fig. 10 has been closed for a long time. At t = 0, the switch is

opened. Calculate i(t) for t > 0.

t=0

20 40

@ ov 3no 30 IJom
&) ,.

Fig.10

When t < 0, resulting circuit is shown in Fig. 11(a).



‘i(r) *F’(ﬂ'
7 @ 120 1202 <160 = 2H

(a) (b)
Fig. 11

we combine the 4Q and 12Q resistors in parallel to get
4x12
= 3Q

4+ 12

. 40
Hence ipL=—=8A4
243

8><12_6A
12+4

t<0

i(t) =

When t > 0, the switch is open and the voltage source is disconnected. We now have the
RL circuit in Fig. 11 (b). Combining the resistors, we have

Reg = (4+12)|16 =8Q

_ L _ 2 _ 1
‘"R, 8 4°
Thus i(t) =i(0)et/T = pe™*tA
The current after 1/8 s is
_4xl

i(1/8) = 6e 5 =364 4 =0
Practice problem: 7 L L
For the circuit in Fig. 12, find i(t) for t > 0. T 120

, awaie Jp—2t | - TATANAY

Answer: 2e 2 A. 1> 0. sa @ f(f)i ‘ S0

Fig.12

:j-_.'; 80



Example for Kirchhoff's lows

Example 1:

2Q
For the circuit in Fig. 1, find voltages v1 and v2. '\A‘f\/\'

1
From Ohm’s law, 20V @ " § 10
U = 20 ) VU, = 3i

Applying KVL
—20+4+2i+3i=0=p 5i=20 v i=4A4 Figure 1

v, =2Xx4=8V, v,=3x4=12V

Example 2:

- - .- - - - - _Ip 4Q
Determine vo and i in the circuit shown in Fig. 2 MWy
Applying KVL: 12V @

AANA
V, = —6i t oy -
—124+4i—-12i—4+6i=0 Figure 2
-16—-2i=0 ~i=—-8A

andV, = —6 X —8 =48V



Example 3:

Find current io and voltage vo in the circuit shown in Fig.3:

Applying KCL to node a, we obtain:
0.5i,+3 =i,
i, —0.5i, = 3

i, =64, V,=4i,=24V

Example 4:

Find the currents and voltages in the circuit
shown in Fig. 4

+
~—
At
[~

Figure 3

AN
For loop 1 t oy = }ia
= 8i,,v, = 3i,, = 6] + 3 N
%1 l1,V; ly, U3 l3 V3§3Q V}é()g
PR P ol O (1) - .. i
8i; = 30— 3i, ,i; =——2.....(2)
For loop 2 Figure 4
173 172 = O, U3 = 172, 6l3 = 3[2
s =2 . (3), now put (2) and (3) in (1):
30 - 3i2 lz . . .
3 _12+7 12=2A, l3=1A l1:2+1=3A



v, =24V, vy,=6Vandv; =6V
HW:

1- Find the currents and voltages in the circuit shown in Fig. 5
2@ 1 3 aqQ
MW

A *"2+ fa =

+

SVO Vzggg ‘3v

Figure 5
Answer:vl=3V,v2=2V,v3=5V,il=15A,i2=025A, i3=125A.

2- Obtain v1 through v3 in the circuit of Fig. 6

12V
Figure 6
3- Determine v1 through v4 in the circuit in Fig. 7

Figure 7



Superposition Theorem

Analyzing a circuit using superposition has one major disadvantage: it may very likely
involve more work. If the circuit has three independent sources, we may have to analyze
three simpler circuits each providing the contribution due to the respective individual
source. 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:

Example: 1

Use the superposition theorem to find v in the

circuit in Fig. 1. 8O
Letv = v, + v, Y N
To obtain v1, we set the current source by openas 6V (—) e R
Shown in Fig. 1b and apply KVL:
12i;, =6; ~ i;=05A4 Figure 1
v1 - 411 - ZV
To get v2, we set the voltage source to short circuits, as 8Q

in Fig. 1c. Using current division:

g sv (D) @ 40 2y
is=———(3)=2A Tes

~4+8

Hence, O

Uy = 413 = 8 A%
And we find Figure 1 b

v=v+v=24+8=10V fig.lC S Q

AN

~,
~

A




H. W: Using the superposition theorem, find v, in the circuit in Fig. 2.

Answer: 12 VV 3Q 5Q

Calculate ix of Fig. 3 using 120
superposition. A

Figure 3.

EXAMPLEZ2: - Using superposition, determine the current through the 4- Q resistor of
Fig. 9.6.

Ry
24 Q
+ -
E\===— 54V B § 12 Q E,S== 48V
4 (1
MWy
R —>]3

FIG. 9.6



Solution: Considering the effects of a 54-V source (Fig. 9.7):

RT=R1+R2/R3=24+12//4=24+3=27Q

El _ 54v

=== = 2A
RT  27Q
R, I Ry
M 48-V battery l M l I
2. - N Bl 3 J
e | replaced by short 240
4  §,~  cicuit .| Br
E\mm==54V nglzn : - =54V R3§12 ) R3§4Q
I
Wy
R3 =41 v
30
FIG. 9.7
The effect of E1 on the current 13.
Using the current divider rule,
, R21 120%2A 24 A
= = = =15A
R2+R3 120+40 16
Considering the effects of the 48-V source (Fig. 9.8):
RT=R3+R1/R2=4+24//12=4+8=12Q.
n _2 __ 48v
I 3_RT_ 12 0 =44
Ry
MY - — -
24 ) o I
I <R_T ‘
| | +
R, 2120 E,Te=—48V R =240 R120 E, == 48V
/ Too smavemesZae a3 +
¢ ; ‘
|: — -R3- — — =R3 = j
\ MWy 2 . 5 MWy
40 30 40
54-V battery replaced

by short circuit

FIG. 9.8

The effect of E; on the current I.

The total current through the 4-Q resistor (Fig. 9.9) is
13=1"3-13=4A-15A=25A (direction of 1"3)



FIG. 9.9
The resultant current for I.



EXAMPLE 9.3

a. Using superposition. find the current through the 6-() resistor of the

network of Fig. 9.10.

FIG. 9.10
Example 9.3.

b. Demonstrate that superposition is not applicable to power levels.

Solutions:

a. Considering the effect of the 36-V source (Fig. 9.11):

B B o BN

Rr Ry + R 12Q+60

Considering the effect of the 9-A source (Fig. 9.12):
Applying the current divider rule.

RJI  (120)9A)  108A .

2" Ry+R, 120+6Q 18

I'2=

’

The total current through the 6-() resistor (Fig. 9.13) is
L=I,+I>=2A+6A=8A

6}

L=8A

Same direction

Current source replaced
by open circuit

M
= -12Q - l
+1 |
ET:_’:GV R, §6 Q

) :
e ) T

FIG. 9.1
The contribution of E to I.

|||—



b. The power to the 6-() resistor is
Power = I'R = (8 A)(6 ()) = 384 W
The calculated power to the 6-() resistor due to each source. misus-
ing the principle of superposition. is
Pi=T>)’R=QA6Q)=24W
Py =T R=(6A)%60) =216 W

Py + P, =240 W # 384 W

This results because 2 A + 6 A = 8 A. but
(2A) + (6A) # (8A)



