Electrical Quantities

Lecture 1

Quantity Quantity Symbol SI Unit SI Unit Symbol
Current 1 Ampere A
Charge 0 Coulomb C
Voltage V Volt \Y

Resistance R Ohm Q

Conductance G Siemens S
Real Power P Watt \\%
Reactive Power 0 Var VAR
Apparent Power S Volt-ampere VA

frequency f Hertz Hz
inductance L Henry H
reactance X Ohm Q
Capacitance C Farad F
impedance Z Ohm Q
Length / Meter m
Force F Newton N
Energy w Joule J=N.m
Temperature T Kelvin K
Time t Second S

Metric Prefixes

Metric Prefix Symbol Power of ten
Pico p 1072
Nano n 107
Micro v 10°
Milli m 10°
Centi c 107
Kilo k 10°
Mega M 10°
Giga G 10°
Tera T 10"




Electric Current

Electric Current (I): The amount of electric charge flowing through the cross-
sectional surface of the conductor over time.

The SI unit of Electric current is Ampere (A).

If 6.242 x 10'® electrons drift at uniform velocity through the imaginary circular
cross section in 1 second , the flow of charge, or current, is said to be 1 ampere (A).

One coulomb of electric charge is equal to 6.242 x 10" electrons (i.e. 1 C=6.242 x
10" electrons).

Mathematically, the current in amperes can be calculated using the following
equation:

=2
t

Where Q is the electric charge in coulombs (C), that flows at time duration of z.
t: is the time duration in seconds (s).

Example 1: In a copper wire a flow of charge is 0.12 C in a time of 58 ms . Find the
current in this wire ?

Solution:

0.12
=2

 “5gx 103 200894

Example 2: The charge flowing through the imaginary surface is 0.16 C every 64 ms .
Determine the current in amperes ?

Example 3: Determine the time required for 4 x 10'® electrons to pass through the
imaginary surface if the current is 5 mA?



Resistance :-

The unit of resistance ( R ) is ohm ( Q)

—\WN\— —I1

The resistance of any material is depends on four factors:
1. The length of conductor (/) = R «/

: 1
2. Cross —section area of conductor (A) = Rocz

3. The nature of material conductor.

4. The temperature of conductor.

A
A

o~

p= constant is called resistivity or specific resistance unit of resistivity.

2
R=pﬁ —> p=¥=ﬂ'n"11 =N.mor).cm

dz
A = mr? =n<—)

where

r = radians of section.



d = diameter of section.

Conductance ( G ):-

1

G=21_ 1 A .
== w = E (Siemens (S))

A

Example: What is the resistance of 3 Km length of wire with cross section area 6 mm®
and resistivity 1.8 pQcm .

Solution:

I (1.8x107°x107%) x (3 x 103
R=p—=( _) ( )=(”2
A (6 x 1079)

Example: What is the resistance of 100 m length of copper wire with a diameter of
(1 mm) and resistivity 0.0159 pQm .

Solution:

pl _ pl  (0.0159 X 107°) x 100

=2.020
2 (1 X 10-3)2
n 2



Effect of temperature on a resistance

,7:

277

R, Ry, R, R R-R
T,—T, T,—-T T-T,

Sl AR tant =
0p = 4 = constant =

Example: The resistance of material is 300 Q at 10 C°, and 400 Q at 60 C°. Find its
resistance at 50 C°?

Solution:

R,_R; _ 400 — 300
T,—T, 60—10

Slop = =20/C°

2_R—R1_R—300_R—300
T—-T, 50—-10 40

R—-300=80—->R=80+300 - R =38012



Voltage (Potential Difference)

Electric voltage is a difference of potential between two places with different charges.
Voltage provides the ability to move charges and hence do a work, and therefore voltage
is also sometimes called electromotive force (EMF).

The symbol for voltage is V' or sometimes U (v or u, if the voltage is time varying
quantity).

The measurement unit of voltage is volt (V).
The SI definition for volt is “ The volt is the potential difference between two points of a

conducting wire carrying a constant current of 1 ampere, when the power dissipated
between these points is equal to 1 watt”.

Electrical Circuits :-

Circuit element :- 1s a two — terminal electrical component .
Electrical circuit :- Interconnected group of elements .

Sources of DC Voltage

Source of emf ( electro motive force)
Source ( supplies power )

” +

R
LT
T \" , { + :

Load ( consumes power )

Ex. Charging of batteries.



Source = current and voltage in the same direction.
load = current and voltage in the opposite direction .
Resistive element, is always load and always dissipates power.

_|_

|

‘\1 Load dissipates power (Ex.

| Resistive load)
|

/ P=VI in watts)




Lecture 2

Ohm's Law :- Ohm's law states that the voltages ( V ) across a resistor ( R ) is directly
proportional to the current ( 1) flowing through the resistor .

L (Amp)
A
1 e
2
at [
1 1,
& velt (v
AT 1
Slop = = —
P AV R
; = constant = R
P4 Q: — V=I.R : .Y




The resistance of short circuit element is approaching to zero (I=00).
The resistance of open circuit is approaching to infinity (I=0).

R/
0‘0
R/
0‘0

® R:’f Py R:(}
OC 1 S.C. 1
* G=—=0 * G=—=m
R R
Hence G = é :;7 Siemens (S)ormhos (v ).

Electrical Energy ( W) and Power (P) :-

w
P=T—>W=P><t kWh

VZ
P=(V><I)=(12><R)=<F> w

VZ
W=P><t=(V><I)><t=(IZXR)xt=(?)xt

Energy in kWh = Power (P) X time (t)/1000

Example : For the following circuit diagram , calculate the conductance and the power ?

I

v

30V +




Solution :

1% 30
I =—= = 6mA
R 5x103
1 1
=== = (0.2 mS
R 5x103

P=V.I=(6x10"3) x 30 = 180 mW

orP=12.R=(6%x10"3)%?x5x10% = 180 mW

orP=V?%6 =(30)2x02x1073 =180 mW

P—VZ—(3O)2—1 W
or = ? = W =180m
Efficiency (n ) :-

Energy /P Energy o/P

System
> >
energy loss
Power 1/P Power o/P

Wifp - Wo.-’p + Wloss

Wiro _Wors |

r r I

Pi.-‘p = Po.-"p + Ploss

IJ’

loss




e Output power
Efficiency (1) = PRI POTEL | 100%
Input power

P
n=-—=x100%
P

H

W ,
2 x100%
W,

i

1=

i/P o/P
-------------------- Tn

Ny =N, XN, XNy X x 1,

Example: A 2 hp motor (output power) operates at an efficiency of 75 %, what is the
power input in Watt, if the input current is (9.05) A, calculate also the input voltage?

Solution:

1 hours power (hp) = 746 Watt

n =242 < 100%
P
2
075 — 2746 » 1492 1950 337
B 0.75
P 1989.33



Example: What is the energy in kWh of using the following loads:-
a) 1200 W toaster for 30 min.

b) Six 50 W bulbs for 4 h.

c) 400 W washing machines for 45 min.

d) 4800 W electric clothes dryer for 20 min.

Solution :

P )x t(h)

W =
1000
_ e 20
1200 x + O % "iﬂ><4+40(}>< +48(}(}><
- .60 _00;
W=
1000
2 17
(OD+1 00+ 300+ 1600 h.;OO N

1000 - 1000

D.C. Sources:-

The d.c. sources can be classified to:-

1- Batteries : Voltage; Ampere — hours
2- Generators
3- Photo cells.
4- Rectifiers .



V = E = constant voltage element

[ =1, = constant current element

- Voltage Source generates voltage and current (voltage is constant).
- Current Source generates current and voltage (current is constant).



Lecture 3

Series Circuits :-

Resistors in Series

R, R> R3
VI Vz V3
Ar I
E
1 + l -
|

A
T

Vl =IR1
Vz =IR2
V3 =IR3

—-E+Vi+V,+ V=0 > E=V,+V,+ V5

~E=I1R +I1.R, +1.R3

~E=I1[R; +R, + R3] = LRy

The current in the series circuit is the same through each series element &
~“Rr=R{+Ry+Rz+ - + Ry

I_E_V1_V2_V3

Rr Ry R, Rs

Pt:P1+P2+P3=E.I



Voltage Sources in Series

- < —
S L R LB
. | | .
E; E, E; Ey
20V 10V 3V Er=E,- E;- E;

Er=20-10-3=7V

o | * . | * . | * B +
|
1 | 1 | 1 | | |
b Es Es Er=E+ E,+ E;
5V 6V 7V

Er=5+6+7=18 V

Example: Find the current for the following circuit diagram?
7V

10V -




Er=10+7+6—-3=20V

R,=2+3=5Q
I
20V . n
___ 5Q
[=1 Er _ 20 4 A
===

Kirchoff's voltage law ( K.V.L. ):-

The algebraic sum of all voltages around any closed path is zero.

Vi=0

N
=1

Where N is the number of voltages in the path (loop ), and V; is the " voltage .

Y




—E+V =0

E=V=ILR
| E V
" R R
R, R>
* AN FANM
VI Vz
4 7 — —
E
< * !Iﬁ-
—E+V1+V2=O
E=V1+V2

E == V1+V2 =IR1+IR2 =I(R1+R2) =IRT

RT=R1+R2

_E_hth
"~ Rr Ry




Lecture 4

Example: Use K.V.L. to find the current in the following circuit diagram?

1 R;

L AN

«—

\ 4

Solution:

From K.V.L. ZVz 0
—E1+V1+E2+V2 =O

El _Ez == V1+V2 == IRl +IR2 == I(Rl +R2)

Ey, —E, Ei—E

I = =
R, +R, Ry

Example: For the following circuit diagram, Find / using:-

' 40V
DRV N
. V.. |
— NV, ||
6 Q
10V
+
17 Q

10 Q



Solution:

We need to identify the direction of the current

40V
_ 7Q + + | -
| <
Y
/ -
* % 10 Q
6 Q
- +
20V
10V B
+ ——
- 10V
17Q  + .
A ]
| I
a ) By applying ohm's law :-
_Er 20+40-10-10 40 1A
Ry 10+7+6+17 40
The equivalent circuit
I
+
__+_ ET=40V

Rr=40Q




b ) By applying K.V.L. :-
—-10-6I—-71+40—-101+20-10-171=0
-10+40+20-10-6I—-71-101-171=0

40 —I1(6 +7+10+17) =0

40 = 401 | 20 1A
= e d = —_—=
40

Example :- For the following circuit diagram , find the current ?

20
20) »al ] < ﬁzﬂ
. VAL

Solution:



20
V
Iy
gV —L—
Take the loop FABCDEF

7
—-8-2I+15=0 _>21=7_>I=E=3'5A

Or

V2_0=IR
7
7=I'2_>I=E=3'5A

Definitions :-

Node :- Meeting point of 3 or more branches .

Branch :- Series of elements carrying the same current .
Loop :- Is any closed path in a circuit .

Lad
]

15V D



Hence for the loop circuit, we can find :-

x'q'x
E, | E,
Vo T
D :
i ]t

4 nodes and 6 branches

Take the loop CBAC ; to find V,
E;s—E,+V,=0 >V, =E, —E;
Or take the loop CABC

—Vi+E, —E;=0 - V; =E, —E3
Take the loop DABD ; to find V,
—Ei+E,+V,=0 -V, =E,—E,
Take the loop CDABC ; to find V;

_V3_E1+E2_E3=O - V3=E2_E3_E1

V4_E1+E2_E3=O - V4=E1+E3_E2



Lecture 5

Example :- For the following circuit diagram , find ; R, 1, Vi, V,, Psg, Psa

, Pg, verify by K.V.L. ?

R1=4 Q

RT=R1+R2=4+6=10.Q

E 20
=—=24

R, 10

Vi=IR =2x4=8V

V,=IR,=2x6=12F

P, =I'R =(2) x4 =16
P =I'R, =(2) x6=24W

P, =IFE =2x20=40W

5

To verify results by using K.V.L. ; then

+
Rz =6 Q)
72 (8)
or P,=-—- :(—} = 16w
R 4
v: o (12)
or P =-2=""L —24w
“ R 6

or P, =PF,+F,=16+24=40



N
Vi=0
=1

l
—E+V1+V2=O
E=V1+V2
20=8+12

20 =20 checks

Internal Resistance :-

Every practical voltage or current source has an internal resistance that adversely affects
the operation of the source.

In a practical voltage source the internal resistance represent as a resistor in series with an
ideal voltage source.

In a practical current source the internal resistance represent as a resistor in parallel with
an ideal current source, as shown in the following figures.

ot B A TSR P B

Practical voltage source Practical current source



Where
R, = Internal resistance
R, = load resistance

According to K.V.L.
—-E+V,+V =0
—E+IR,+V =0
V=E-IR,

Note that an i1deal sources have R, =0

Example :- For the following circuit diagram , calculate I and V| for the following cases

Ro | ||,

E=120V

a)R,=00Q
b)R, =8 Q
O)R,=16Q



Solution :-
a.) By apply K.V.L.

—E4+V, 4V, =0
—120+ IR, + IR, =0 > =120+ 0 + 22 = 0
221 = 120 > [ = 5.4545 A

V, = I.R,=5.4545 x 22 = 120 V

b.) By apply K.V.L.

—E+4+V, 4V, =0
—120+ IR, + IR, = 0 > —120 + 81 + 221 = 0
30/ =120 > [ =4 A

V, =1.R,=4 %22 =88V

c.) By apply K.V.L.

—E+4+V, 4V, =0
—120+ IR, + IR, = 0 > —120 + 161 + 221 = 0
381 =120 —» | = 3.157 A

V, = I.R,=3.157 X 22 = 69.47 V

Then we can conclude that as R, increase the total current and load voltage will
decrease.



Lecture 6

Voltage divider Rule :-
RT = Rl + Rg 1 R, R,
P e B e I ey
"% \ \Z
T 1
E
V. =1R, :[—JRI = E&
T ‘RT
V,=1R, :[—]R 25
i i \ i RT
- _ ER, Voltage divider rule
T _RI_

V., = Voltage across R,
E = The ( emf) voltage across the series elements .

Rt = The total resistance of the series circuits .




Example :- Using voltage divider rule , determine the voltage V, , V,, V3 and V, for the
series circuit in figure below , given that ; R, =2 KQ , R, =5KQ ,R;=8KQ ,E=45V
?

V4
[ K Ro R;
- - -
Vi V, V3

_RE 2*10°*45

v L e
TR 15%10°

RE 5*10°*45
=2t o2 sy
*T R 15710

RE S*10°*45
A — 27

3

R 15%10°

5

(R+R)E  7*10°*45

I; 3
R, 15%10

1

- 217 or Vy=V,; +V, =21V

To check —E+V1+V2+V3=O



E=V,+V,+ Vs —>45=6+15+24 — 45 =45

Kirchoff's Current Law ( K.C.L. ) :-

The algebraic sum of ingoing currents is equal to the outgoing currents at any point .

me - ZIGHF

Or, At any point , the algebraic sum of entering and leaving current is zero .

ZI:(]

/ 1,

- 15

11+12+I4213+15

Or 11+12+I4'13'15:0



- - —~—]
I, R;
—
R, R; R; 13A
_._|:|_
E— L bog,
I I
E——
Ata 13+5-1=0
L=L~5 18-1=0
Or [-L-I,=0 CT=18A
Atb
L +L+1,=0

Example :- Find the current in each section in the circuit. Shown ?



Solution :-

At node a

3—1—-1,,=0

21, =0->1,,=2A
At node b

Iop +3—1p.=0
24+3—-Ip,=0->1I,,=5A
At node ¢

Ipc+4—-1.4=0

5+4—1,=0>I,=9A




At node d
Iq—8—14.=0

9-8—1,,=0 >I;,=1A

At node e
lje+2-3=0

1+42—-—3=0 - 0=0check

Example :- Find the magnitude and direction of the currents I3, 14, Is, I7in the following
circuit Diagram?

Solution:



At node a ; suppose I is entering
11 + 13 - 12 == O

10+1;—-12=0 > I3 =2A

At node b;
I, enter, Isleave , .. I, must be leaving

12=15+14
12=8+1, > I, =4A

At node c;
Isenter, I;leave , .. Igleave

14=13+I6
4=2+1, 51, =2A

At node d;
Is and I enter , I; leave

15+I6 == 17

8+2=1, >1,=10A



Lecture 7

Resisters in Parallel :-

% 1
) : From K.V.L. V=V,=V,
! b FromKCL  I-1+1L
v I V.I D R, V_I R, oy
From Q.L. I= Ell + R—-_
B =V,G, + V,G,
=V, (G, +Gy)
or [=V (G +Gy)
[=VGr
Where G =G, + G
Hence 1 _ 1 N 1 _ R, + R,
R R, R, R, R,
or R, = R, R,




In the same minner . 1f we have three resistors

in parallel . then:

1 1 1 1
= + +
RT Rl RQ RS
1 R, R,+R,R,+ R, R,
R, R, R, R,
R, — R,.R,.R,

R, R; + R, R, + R, R,

And , it we have N of parallel resistance . then

1 1 1 1 1
= — — + — — — — — —
R R, R, R, R,
Also

2 W
P =V =I'R, = .
Rl

5

Source power P =FEI, =I;R, = =

Example :- For the following circuit Find Ry, Py, It , Iy?



16 V —

]39

Jsa [ o

Solution:

In case of equal resistors

X% o0
TN 4
h=r=2_ga
"Ry 2

7 - E_10 5,

P.=I;R. =(8Y.(2)=128"W
or Pr=EIr=16 * 8 = 128W
or PT:P1+P2+P3+P4

—(2) *8+(2) *8+(2) *8+(2) *8

b

=32 +32 +

Example :- For the parallel network in figure below , find :-

2+ 32 =128W



a) R3,b)E,c)Ir,1,,d)P,; giventhat R =4 Q ?

I~
10€2 20€2
E ——
Solution:
a)
1 1 1 1
= + —+
R, R, R, R,
1 1 1 1
— = + +
4 10 20 R,

1
025—-0.1—005=—
RE
1 1
0l=— =R, =—— =100
R, 0.1

b) E=V,=I1Ri=4*10=40V



| E 40
©) ;£ 29 o4
R, 4
;oY _E 40,
* R, R, 20
d) P, =1)R, =(2) (20)=80W
V?
or p =2 ,or P, =1V,
> TR,
Current division Rule :-
I
y =g faks i
RI-I-R? I,
; RR, \ R,
II:K— R +R,
Rl Rl
nI=1 %,
R, +R,

In the same manner

L



In the same muner

I, =1 2,
} R, I R,
7 R,
I R
Also =+ = R+R, &
Iz I R‘l Rl
R, +R,
I, R, G,
'IE }al GZ‘.

Example :- For the following circuit. , find V , I, and L,?

Vv 100Q

Solution:

0.1Q



R,R, 100x0.1

R, = - = 0.0999 0
T"R,+R,  100+0.1

V=ILRy=5x% 0.0999 =0.4995V

Using current division Rule

I, =1 R, 0.1 0.004995 A
1" "R,+R,  T'100+0.1
I =1 Ry 5 100 4.995 A
27 "Ry+R,  T7100+0.1
Or
vV  0.4995
= = 0.004995 A

I, = — =
1R, 100

V  0.4995

27 R, 0.1

To check I =1, + 1,
5=0.004995 + 4.995
5=50k

Example :- Determine the resistance R, in the circuit below?



Ri [, =21mA

.
27mA
I;
| —-
R2="7€2
Solution:
Using current division Rule
oy R s 27X 1073 x 7
1™ " R,+R, R +7
Ri=20
Or

I=11+1, > I,=1-1;,=27%x103-21x103=6x10"3A=6mA
Vo=1,,R, =6x1073x 7=42mV
V1=V2=4-2mV

V, 42x1073

Ri=—=————=20
171, 7 21x1073



Lecture 8

Example :- Find the current I, , for the network shown:

[=42mA
-
L|
R1 =60 R, =240 R; =24Q

Solution :- All resistance in parallel , so if we define that R = R, // R; then :-

RR,  24%24

R= — =120
R,+R, 24+24
Hence
L= (12107 )2~ 28ma
R+R 1246



Voltage Regulation :-

Voltage Regulation V% = % X 100%
FL

Where

Vi = No load voltage
VrL = Full load voltage

Also we can write

int

R
VR%= R

X 100%
L

Where
R, = Internal resistor.
R; = load resistor.

Example :- Find the voltage V| and power lost to the internal resistance , if the applied
load 1s 13 Q, also find the voltage regulation ?

le. — EQ

E=30V —— Vi R, =130




Solution:

,__E _ 30 __
"TR_IR, 2113

Laa

V,=E—I,R,, =30-2%2=26V

'Rﬁl.i‘.i‘ = I.ERH = (2 }: (2 ) = 8

i ] s
Voo = 2 LE100% = 2220 100% = 15.385%
e 20
R b
Oor V% = ™ % 100% = — x 100% = 15.3835%
R, 13

Example :- Calculate [ & V for the network shown

18V SKS) 10KQ2




Solution :- We have a short circuit on R, resistance , hence no current through
R, , hence the above circuit. Can redrawn as follows:

18V

SKQ

E E 18

| =—=— =
R, R, 5x103

= 3.6 mA

V=IR =0.0036x5x%x103=18V=E

Example :- For the following circuit Network , find Ry, [A,Ig, Ic, 1, b, Vo, Vy ,?



Il R| = 90
I | L
i _ Iz ] Iis I T
R. =060 Ry = 4Q
16,8V Re = 32 H‘]
BB vh| Ra— (ufi DR5 =30 ‘
| |
Solution:
j.,-i'\, Rj'k. - 3-69 ]-L
’—F >
Ip
1
Ry =60 Re =3Q
RR, 9*6 _
‘RA = 2 — — 369




Ry =R =61
B 3+R4+R5 6+ 3
R, =30
B X R¢
Rr =R =36+——=05.60
T A+RB+RC 613
, E 168 -
AT R, 56
Apply C.D.R
Ip =1 Re 3x > 1A
B A" Ry + R, 3+6
By K.C.L.
IC:IA—IB:3—1:2A
I, =1 Rz 3 12A
= X = X = 1.
1747 R, + R, 6+9
L =1 Ry 3 1.8A
X = X = 1.
2747 R 4R, 9+6
Or
IzZIA—11:3—1.2:1.8A
V,=LR, =12x9 =108V
L =1 Rs Ix— —03333A
= X = X = U.
* 7 BT R +R, 3+6



V, = I,R, = 03333 x6=2V



Lecture 9

Current Source :-

Example :- Find the voltage ( Vs) for the circuit below:

AN
t(t) T V. R, (2-5)€2
Solution :-
V,=IR . =10*2=20V 1fRp=2Q
V,=IRL=10*5=50V 1IfRp=5Q

Example :- Calculate V; , V,, V; for the following circuit:

Vv, T R, 22

I—5A "’T“‘ T V.

V2 1Rz | 3Q

Solution :-



V1:IR1:5*2:10V
V2:IR2:5*3:15V
V=V +V,=10+15=25V

Source Conversions :-

A voltage source with voltage E and series resistor R, can be replaced by

a current source with a current I and parallel resistor R, as shown :-

L *
k|
R .

Ik @ )«

=

.b

4— . - . -
Current source to Voltage source

Voltage source to current sourc _—



Example :- Convert the voltage source in the cct. Below to a current source,

then calculate the current through the load for each source:

Solution :- )
R, —
e, s
PR +R, 2+4 E—=6V T
e For the current source cct. U,
Iy =1 R :3( - }:114 3A I
R IR, 214 .- -
R il
P R =Y : .:'/.-f\. |::| Rs =20 |::| RL —-4Q
- _ é _34 N
a
Example :- Convert the current source in the cct. Shown below to a voltage
source and determine I; for each cct.:
CP [] R,=3KQ Ry = 6KQ
9mA |
Solution :- I L

e For the current cct.

4 3

R +R, 3%10° + 6*10°

5

1, =3mA e
e For the voltage source cct. Ry =3KQ R —6
L = 6KQ
7 = E _ E _ 27 E=1Rg |
z -~ 3 . 1
R, R.+R, (3+6)*10 =27 v_’_ I

s I, =3mAd



Current source in parallel :-

I;=4A
A N N
oA :\__T J |::| 3 I\_i_/'l 10A |::| 6t = v/
[=10-6=4A & R,=3Q/6Q=2Q
Example :-
— I; =8A
\ A N A a0 ) %D
A G/] v 3A } '-\I/' 4A U
[=7-3+4=8A
Example :- Find the load current in the following cct.:
in
R; —8Q2
I — 6A
<> D Rz =242
E =32V S~
L ‘

o

=

[]RL =14Q




Solution :-

)

R;=8Q Ry =240 R.=14Q

1=, \/T:' H 6\?2 —6A U

S

1, =10A |
0
R 10%6
'R, 6114

R.=

14Q
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Matrices :-

Second order determunate

a, b,
D =] < —a.b, —a,b
- Ab 172 1
sz “»
Col. 1 Col. 2 Col. 3
a4,X b,y — Cy
aX by Cz
1 b, Xl _ | <
a, b, || »v =
cl lll-I“rj].
_ Dy, | by | b, —be,
D a, b, a, b, — ba,
a, b,
€l <1
D, gy e | ayo, —aa,
D | a b | a,b, —ba,
a, b,



Example :- Find the value of D

o
D=

6 2
Solution :-

4 -1 | |
Dz{ }=4*2—(—1)*6=8+6=14
6 2 |

Example :- Solving the equations below by determinates

41, - 61, =8
21, +4 1, =20
Solution :-
4 -6 [8
2 4|1, | |20
20 4 ¥4 —(-6)¥20 32+
S _§*4-(-0)*20 324120 o0,
D |4 -6 4%4—(-6)*2  16+12
2 4
=1 =
S, _ D _[2 20]:4*208*2:2_28‘4

Fo 2 oS o=



Third — order determinant :-

4 by, ’6\1\ 4 {é]

D =|a, fa ;J;_, b,
.’ ? .
3 ’ \ .

= [nlbzcj +ac,a, + clnzb3] — [6133303 + a,c,b, + E}lnzc?}]

Example :- Find the value of D

1 2 3
D=1-2 1 0
_0 4 2_
Solution :-
1 2 3|12
D=|-2 1 0|-21
0 4 2104

D=1%1%2+2%0%0+3%(—2)*4]-[0*1%3 4+ 4% 0% 1+ 2% 2% 2]

D=[2+0-24]-[0+0+8]=-22+8=-14



Star — Delta ( Y - A ) and Delta — Star ( A —» Y ) transformation :-

1.) Delta — Star ( A > Y ) transformation :-

If the value of R,z , Rca . Rge are A
known, and we need to get the values ;/\
/o

of R. ., Ry . Rc ; then :- /-

_. R
R = R Ry Rap z D 4 Rea

A4
Rp+Rey + Rye ) _

_ R s Rsc
’ Rz +Rey+ Ry
R = Ro Ry
C
RAB+RC_4+RBC
If Ray = Rec=Rea =Ry, inthis case R, =R, = R, = -2 =R
ab=Rgc=Rca =R, ,inthiscase R, =R, =R. =2 =R,
2
R
or RYZ—&‘
3

A A

/
30Q y k},gﬂ — 10£2 D
/ \ 10€2_ 100
/ \ 2N

B/—— +—C
30Q
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2.) Star — Delta ( Y —» A ) transformation :-

LA
If the value of R, , Rx , Rc are known ,
and we need to get the values of R , ’
Rca, Rye ; as follows :- RAB@ ]RA< N
o _RR+RR+RR J\ >
4B B
o _ RR,+R,R; +RR )() %&
BC ~ R, B < [ ] = C
RBC
2 _ RiRy+R;R.+R,R
C4

Ry

If R,=R,=R.=R, ,inthiscase Rag =Rca=Rsc=R,=3 Ry

A A
/\
10 D o A
— 120 y %lm
/ \
4Q 40 / \
/& % / \
B« ~C B / — \




Example :- For the following network , find I ?

1
4Q 2€)
6V
- 60

Solution :- The resistances ( 6 , 3, 3 ) are delta , can convert to star connection

as follows:

1
p— /
) da
6V T b

Ra Ry
Re
e




R - 6%3
6+3+3

—1.5Q ., R, = ~_=15Q , R.= = 0.75Q
6+3+3 6+3+3
)//(2+ R, )]+ R,
Example :- Find [ for the following cct. network :-
1
12.59@ 100
5Q |
| [] 30€2
150 [} 2002




Solution :- The resistors ( 502, 10€2, 20€2 ) are star convert to delta

I a
| Rac
12.SQD
I 300
B VA ) Rab D
15Q D
Rbc
b
L10*204+10%54+5%20
R, = =700
5
10%204+10*%54+5%20
R = =17.50
20
R, :l() 20+10%54+5%20 350

‘ 10



It is clear that ( 12.5 Q // R, ) and (15 Q // Ry ) and (30 Q // Ry, ) , hence the
circuit can be reduce to the following network :-

I

-
-

“]




12.5%17.5
R =(125/R )=122"172 5
1254175

| 15
R, =(15/R, )=

30%70
30+ 70

R, =(30/R,)= =210

. R.=(R +R,)/R,

=(7.3+10.5)/21
17.8%21

=178//21= —— =
17.8+21

9.634Q)

E 12
R, 9.634

I = =1.2464
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Network Solution :-

To solve a circuit is to find the current and voltage in all branches.

1) Loop ( Mesh ) current method :-

Example( 1 ):- Find the current through the 10 €2 resistor of the network

shown:

10Q
TN
I ;l
80 < 50
_ 30) S
|"/ \ r'/ \."'. 2Q
Il : IE |

Solution :-

anlsall F &gl Loop 3 Lo * A4S jilell daslaall + Loop I Lo * leslaall g ana —



The loop equations are :-

Loopl:-

-(8+3 ), + 3L, 8L +15=0
Loop 2 :-

- (3+5+2), + 31, +51; =0
Loop 3 :-

- ( 10+8+5)I; + 81, +51, =0
Rearrange the equations , then :-

-11I, + 3L, +8I; =-15

3, - 10, +31; =0

8, +5L-231:=0



~11 3 -15
3 —10 0
D 8 5 0
[, ==== - =1.224
D [-11 3 8
3 —10 5
8 5 23]

w1, =1,,=1224

Example( 2 ):- Solve following circuit diagram;

5V
20) 80
a
50 D N ﬁm - 6Q — |
L) 4 13\: . 4 L \} — 3oV
20V —__— — 5V —_— ‘/

Solution :-
L (53+7)+ T, +20-5=0
L (74246 )+ 7, + 6l +5+5+5=0
I3 (6+8)+6I,—5-30=0



Rearrange;

-12I, + 7L +0=-15 mmmemmmmmeemeeeeeee (1)
7]:1' ].513 +6I3:'15 """""""""" '(2)
0+6L-14;=35 = cccccmccccccceeeea- (3)
U
15 7 0 |

—-15 —-15 6

==L i ~ 1.8624
D [-12 7 01 140
15 6
] 6 —14]
12 15 0 |
7 15 6
D, | 0 35 —14| 1470
==L i S =T 10494
D 1402 1402
—12 7 —15
7 —15 —15
,_Ds_| o 6 35| -2875_ .

D 1402 1402



Example( 3 ):- Find the current in the 10V source , for the following network;

40 3Q
—L ] L

10V —— % y, A

Solution :-
L=-5A

Hence , we need only one equation to solve this circuit

T, (44+6)=6*(-5)+10=0
-10L, —20=0 _» -10L, =20

2
oI = 20
~10

=214



Example( S ):- Solve the following circuit diagram .

10A

A A A < re v
204 (F) JQD 60Q mlnﬁ (1) sa

75V

40€2

-I, ( 53+15+60 ) + 601, -50—-75=0
-I, ( 3+60+40 ) + 601, + 60 = 0



Rearrange:-
-80I; + 601, = 125
601, - 103L, =-60

D, T
==
D

I». — "DZ I
- D

68) 10€2
— :Iﬁ
. 20
\‘\. 4 ™, L
Lo L)
20V <4 <
T VL-T b 6a

Solution:-

J 4€)




(6+2); +2L,+20-V,=0  eeeemeeeeeeeeeeeee (1)
-(102+4) L+ 21, +V,=0 s (2)
L-L=6 e (3)

Addeq. 1 &eq.2

81, + 2L +20-16 L + 21, =0 e (1)
6L -14L,=-20 e (2)
Fromeq. 3
I] - I__".r — =

—6 —20
D, |1 —6]| 36+20

e = =2.84
D 20 20
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Example ( 7) : Solve the following circuit , using loop current method :-

62
-]
4 1 \1 12V
- L L b -
I 1] -
A '\D T 4/
T \
SC D L, ) 7€
< L
1 \
8¢€2 ¢ /.:' 9€)
Solution:
Loopa :-
-(5+8),+8L-V,=0 e (1)
Loopb :-
------------------- (2)

(67, + 7.+ V,—12=0



Loopc :-
-(8+7+9) + 8L, + 7T, =0 mmeememmeeeeees (3)

Ib_Ia =3 . TETmmEEEmmEmmETTes (4)
ob s pas Gldee gyai ¢ Vo getian Sl AB WY oA JRe - Al e
cdall a5 e paldill Vo e gaiat Al Yol
Zrb ) pen Gyl e ) V) Leie paliilly ag @ Lia)s ¢V sla) (oslhad) 13 L

Vou_lﬁhgj_lsﬁ U_IJII 4_'[31@1&1%*‘5}” u_ibLﬁujIl _\1‘3_1'.\_\_:_,?_‘(\;00_]@“5}_\33 \-;“ .‘»_1\“7_.\1&‘}1'

1

. s

Loopathb:

-131, - 13, + 151, - 12=0  mmmmmmemmemmeeeeee- (1)
Loopc :-

241, + 8, + 7,=0 T (2°)

L-L, =3 e (3)
Rearrange Eq.s :-

-13L, - 13, + 151, =12 e (1")

&I, + 71, -241.=0  mmmmmmmmmommmoooees (2")

-Ia+Ib :3 -------------- (3")



12 —13 15
0 7 24
D, |3 1 0] 2610
D [-13 —13 157 1402
8 7 —24
-1 1 0

=1.80624

Jadl S
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Superposition Theorem

In any circuit network contain more than one sources ( voltage or
current ) to find the current ( or voltage ) in a certain part of a network , remove
the sources of the network and find the current ( or voltage ) in the existence of
only one source each time. lhe resultant current ( or voltage ) will be the
algebraic sum of current ( or voltage ) due to all sources when acting
independently once a time .

(Removing the sources means:- Short circuiting the voltage source and open

circuiting the current source) .

Example 1:- In the following circuit diagram, find all branch current's using

superposition theorem:-

25V
L ‘ |
70 1, [ 3Q
— ]
y b

“ 1 Cf\l D 6€2

4Q A JLAL




Solution :-

1.) Effect of 25 V source :-

I =——=254
7T+3
, 25 _
I, = =254
- 4+6

L=I+I =54

2.) Effect of 3 A source :-

I'=3 ! =214
7+3
3

I} =3% =094
7+3

I"_%*izl.zni
4+6

Il =3" 6 =184
4406

ol

o

[ll5

25V
Is ‘ |
7Q I,
] -
L 1 =
] 40
I
1||3
70 I,
] -
| =
r'/- _\
(D) 3a

|




3.) Superpose :-

= +1'=25+21=464

Example 2:- For the following circuit network, tind the current in all branches,

using superposition theorem:-

4082 U 30Q
60€2

— 270V




Solution:-

1.) Effect of 150 V source:-

Y

1>
40€)
I 600
150V ——
|
60 *3
R, =40+ — " =600
60 + 30
150
[[=——=254
0
30
I'=25%_>"  _—0834
2 60 + 30
, 60
Il =2.5% _1.674




2.) Effect of 270 V source:-

) Illj
lrll
4U£2D
60Q2
10)
R, =30+ 40760 =540
40+ 60
I'= 2_70 =54
54
I, =5% 40 =24
40+ 60
) 60
[[=5%— =34
40 + 60

3.) Superpose :-



Example 3:- Find the current in all branch in the following circuit diagram:-

2A
7N
) 15V
50 L I, ‘
— - - |
— h B |
L |

Yy

12V



Solution:-

1.) Effect of 15 V source:-

] - -
b B |
I |
80
15
I = 1%*8:2.124
4 +
548
8
I =212 - —1.3.4
- 5+8
, .5
I, =2.12% = 0.824
) 5+ 8

2.) Effect ot 12 V source:-

L2

402



4

——=0.524
8+4

Il =157%

:1.5?*i:1.04‘4
8+4

3

3.) Eftect of 2 A source:-



(<)
N
Vo
l‘llll S£2 .[I"4
ll",'_\\l [] BQ
Illllj L
I 1 1

Yo 0.884
4

Yo 074
5

v,

402

IIIII



3.) Superpose :-
[ =1 -I'-1"=212-1.04-1.12=-0.044
IL,=I-1'-1'=13-157-0.7=-0974

Fa i

L=I-I'+I'"=13-157+13=1.034

I,=I+I/-I'=082+052-044=094

[ =I-I'+1"=212-1.04+0.88=1.964
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Thevenin's Theorems:-

C o) oo daglie 8 Algdl) o) Ll alay) Cogllhaall IS 1) el el 8 sk

Any two terminal linear network can be replaced by an equivalent circuit

of a voltage source ( Ey, ) and a series resistor ( Ry, ): as shown in figure below:-

R—th a
' e
I
Complex T E R
network Ry — ) L
b -
b

Ee‘h

Hence; 71=—""—
R, +R,

Steps to find Ey, & Ry, :-

1. Remove that portion of the network across which the Thevenins
equivalent circuit 1s to be find.

2. Mark the terminals of the remaining two — terminal network.

3. Calculate Ry, by first setting all sources to zero ( voltage sources are
replaced by short circuits and current sources are replaced by open
circuit ), and finding the resultant resistance between the two marked

terminals.



4. Calculate E,, by first returning all sources to their origin positions and
finding the open circuit voltage between the marked terminals.

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

circuit.

Example 1:- For the following circuit diagram, find the current in ( 62 )

resistor?
30 6€)
] 1
L | E—
0
40 D 50) (1) 7a
25V —‘
Solution:-
30 A B
=2 /‘_
=42 50 D (1) 74
40 D )
25V —|

1.) Find Ry, :



4Q)

R, ={(2+3)//4}+5

{”4l+%——9+5:?212
s5+4]) 9

2)Find E :

} s (

TA

[—- ) —

\__/



V.~V +7, =0
25
L;r—(4=i=;]+(?$5):0

100

Vee =——
9

o E, =23.80V

—35=-2389F

Ru=7.22Q

Ex=23.80V T

6€2



Example 2:- Find the current in the 25Q resistor for the following circuit

network?

2V

Solution:-

1.) Find Ry, :

R, =(10//20)+(40//20)

o4 P
th — 10720 + 40720 =20Q
10+20 40+20

2) Pilld Eth N

L ]
VOC+[10==<;J_(4O* ]_O
30 _ a0

o N
o = S-_U_ _(_) :ﬂz 0.671V
60 30 60

- E,, =067V




] = Eih
Rﬁr + RJ_ R[h = 20 g |::|
[} Ry —6£2
7= 0.67 - 0:6? y
20425 45 En=067V T

Example 3:- Find I in the ( 9Q ) resistor for the following cct. diagram?

O0A
N
70 0Q)
— ] [ ]
10 30
f/’- -.\\
I'\.__T__/"I 4A
25V ——
Solution :-
T A B

10£2 RC2

R, =7+10+8 =250



N
T7Q AA A B
100 D Voe 20
o
I'\ . J 4;%

+ 10A

25V

vV, —(4%7)—(10%10)-25—-(8*6)=0

Jk6A

LV, =201F

I: E:h
Rﬁf +R£ R;h—25 51
201

o 5549 =59014 1
)T Ep=201V —

R, =9Q
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Norton's Theorems:-

Any two terminal linear network can be replaced by an equivalent circuit

consisting of a current source and a parallel resistor.

A A *
Active Rin
network — . = CD L Ry
B — th th
b s B
Active Rip
network I — E, |1, = Ro=Ry | I,

Ry = Ry, as betore .

I = L. = short circuit current between the two terminals of the active network.

Example 1:- Find the current in 25Q resistor for the following circuit network

using Norton's Theorem?



2V

Solution:-

First find Ry, :-

R, =(10//20)+(40//20)

~10%20 . 40*20
10+20 40+ 20

=20Q

Second find I, :-

2 B 2 _1A
10 * 40 2020 8K&4+10 ©O

_|_
10 +40 20+ 20

I =




;121*40&1?:5&
9 50 2 9 50
A%
[ =tV ey o 1s20 _—

9 40 * 9 40

KCT. at A
I,-It.-L=0
=1 L

:[i*ﬂ]_(lxé}:o_omfz

=0.01474
25

In=0.033A4)

Example 2:- Find I in 50v voltage source, for the following circuit using

Norton's Theorem?

250
]
17€2 120
| I L
300 g 200
65V — 50V S
T 45V



Solution:-

1.) Find Ry :-

250
]
172 12Q
] +—
3002 D + A D 200
] B
Rl R} R_;
[ L
300 20Q)




17%25 12*%17 25%12
R=-"""_780 , R=—"""-3780 , R =22""_5560
54 T 54
R, =|(R, +30)//(R, +20)]+ R,
=[37.8//25.56]+3.78 =190
2.) Find L :-
250
]
4 I\
17Q L 1o
| | I —
30£2 TN A‘ . RN 200
I, :l B [ Ty )
65V < <
—T— 45V

471, + 17I. + 65 =0
-321, + 121, -45=0
-541. + 171, + 121, =0
After find I, . I, , L.
In=L-1






Maximum Power Transfer:-

A load will receive maximum power from a d.c. network when its total
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resistive value 1s exactly equal to the Thevenin resistance of the network.

For Thevenin cct.

Nortan cct.

Rth

For Max. power

RL = Rth
\ 2
E.
_ 72 th £
iDLm‘_ - ILRL _[ R R RL
th + L
— EI; £
4R§r "
JD]_ - Er%r
- 4Rrh

Rp =Ry




Under Max. Power transfer conditions, the efficiency i1s:-

P
Yo = = *100%
TR
V.1 v,
= L1 #100% = —*100%
ErhIL E.fi-

Eth = VL + Rth Ith

-+ Ry =Ry ( for max. power transfer )

Ea=VL+R. L

V. T _
n=—2%100% = —%*100% = 50%
Eﬁr ZIfL

The efficiency will always be 50% under max. power transfer conditions .



* Practical example:-

b—l"

2

PL:]_RL RTh |::| H RL

2 hth

— L *R, —
R, +R,

Let Rp=3Q & R =1Q2 & Egp=15V

15 Y.
P, = #1 ~ 140
3+1

For Ry =2Q2 — P =

157 . | —
For R, =30 Ny :[— £3 = 18,757
.6
Note that when R; = Ry, , we
get the max. power of P, . P ]
!
18
Hence P, L = L ¥
2 2

‘ L i & }
or P, =2 P, 123 45 RL



Example 1:- Find the value of R; for maximum power transfer to R; , and
determine the power delivered under these conditions ?

30 120
—L__ ] L]

Jeo I

| R AV/—

Solution:-

First remove R; , and find the equivalent resistance ( Ry, )

302 12Q
— b

— I{:;h
18V ——

]
T




R, =(3//6)+12

“R =% 12140
3+6

For Max. power Rp = Ry,

SR, =14Q
3Q 12Q
% 1
Em:Vabzlg ° 1oy — — ‘
6+3
|0
A2 th‘
P = Ea _ (12) =2.57W —
4R, 4*14 8V —
.+ b

Example 2:- Find the value of R; for the following cct. for max. power transfer.

and find P;?
4€) 8Q2

of]  fra [m

120V ——




Solution:-

4€) 8Q)
6£2 d
RIh
b
R, =R, = (8+7)//(6+4)
15%10
15+10
P;c" — P;E} — Eﬁr — 120 $(8+?)
| (6+4+8+7)
120
— %15 =72V

7€



4L 8L2

7L2

R::FRL{ 72 } ®6=216W

(6+6)
or
p=fr - T _oew
AR, 4%6
R, = 6€2 D Ry = 6

Ep=72V |




