Electrical Circuits

First Year

First Course
2023/2024

Muwaffaq Jameel Salih



Gligll | dus gl Slebadl | JoYI Juadll = SV Ddl | oyl di | Boledl ol
ES S IR TIVIS R PR
1

Ol yhall Jrsold3 &
(Wilaslaog (gili) Bale JSU bl Cold>g9 b ygSUl (§ pustiunadl Cilugll allai o JoV!
Ol gl aldseiwl @l gt dusly Cildydas
doglially yldlg dud 9l dwludl ol gl Lyl o
a5L S B3I UgSe @
pol OgsB e
doglia)l dod e Byigell Jolgall o
Al Ao godl Bolel) dus gl dagliall o
oSy yadumadl HL! Gl | 3G
Aol ao JIgl e logliall Jayy o )

el 2o Gl e Slogliall Jnyy @
el ao Cloglial) dakises dayy o
el 2o 3 Ul oo S (0 Jogaeidly logliadd (A /Y) (Shiadly uc.?u.ﬁ dasydl e

Glkally ol Jayyllg Jaliseal! Jasylly (19wl JIghll 9o e ciliadal  CIBI
Aol Jo> a0 i) gl HUill BgunS 3938 Clyal — BgdonS (ilgd o <y
ol Sl 33195 (§ lgladal 428 — doplad)l Canypai — AaS dpplad 0| el
sl JU 3195 (§ Lgladal du2iS — dolad)l Cloyal — iy duplas o
OGHgy pAas dylai Je Olidal o | el
G yosiaanad! HLI 5195 Jo (3 Lgiadal ol glase — &yl Ciyal — alaidl doylas o S A]
Aol Jo — dlg yiuan (o ST e (59203
o 9ol draSg (B yetenall Byudll £390) A gall Hang SL suan Chsyal o
331 Y eaus
il — gy Ao el Bladl Blitiinlg duylasll Choyas — diSlae §yud elasl Jis doyai o

Joding dgloall CluaSdl | (el
W dorgoll puunyg glsiall Hletdl dd 95 dudsS — gliadl Ll (allas- (gasyal o
@ duodl dalg
Jole sl Ly Aol OBMally dasdl] Jawgiag (RMS) laid! dasdll Cisyas o
dudida’ Aol qo dolaiio pbohargo JELY dondll Jalog (pgSHl



dgamiall Lgliiad! CilueSJl
g Py ghall sl g yas
Lol duiuSe yshall dugly

mi&a—c#\J&A.ﬂ\jw‘Jgﬂ\MJW‘QQASS\K—LAMd*!
"wi !.~

" e

e Cgbaadl HLl Bt dwlys

daidd doglie (e (593l BySlo

daidd 45 dles Je Sgio Byl

dadd 485 daww (e (S B3l

dlial Jo a0 Bysls S Hladlg duad 9! G ygdald dugl) Sloxy)

e (§5353 8315 (e Caglicall sl 5

Jlgdl (de dlag doglio

Jlgdl de daudiog doglie (s (g 8510

Jledl Lo daiiog dloeag doglie (e (Sgies By3ld
dudadal Aol

e Sgimd Byls e Qgliaadl yladl 5

S)lgdl L dleo g doglie
Sl S dxudng doglio

SHlgdl (Je daudiog dilog daglio
x2Sy \ghuyaig — yslall dgly — VN VLl (§ i gty YLl oy ASMal Sloes]
ol

duddas dlliel ae duslownd! — dailoall Sloxs)

ey CSyell Jalall of (J-Operator) 7-1 Cauo gl plusuiuw!

41 dlanll
A Lol g

4l 9dllg sLadly

& Slsdl ey JIsdl fe Olailaall Jayy y3lgud glall gl
bl

Jo-ding gyl ylga

Jsdl oy 851

el Jgro 9l duiiSy o)l Al Loyl

iyl s 33 AN doglyg daileadly dud gallg sl Clu
dajadl (256 Sl

Bagaell Jole aloes)

S ae gaudl dslinllg ddiodl dhelaadl o A3l )9
Al >

&wwl

gab;ﬂ

S

GA ]

g
s



3191 ¢y By51S | ol
Goyai o s
iyl 33539 yghall dglhg dailend! duglig dailanlly dud gally YLl Gl o
dajaudl 256 Sm o
3 ae dSbdl OBl eunyg @
839l Jole slxs| o
Wl g

References

e C. K. Alexander and M. N. O. Sadiku, fundamental of electrical circuits,Srd
edition, McGraw-Hill



SYSTEMS OF UNITS

Quantity Basicunit  Symbol
Length meter m
Mass kilogram kg
Time second s
Electric current ampere A
Thermodynamic temperature  kelvin K
Luminous intensity candela cd

Multiplier Prefix = Symbo

10 exa E

10%° peta P

1012 tera T

10° giga G

106 mega M

10° kilo k

107 hecto h

10 deka da

10! deci d

102 centi c

1073 milli m

10-6 micro 7

10~° nano n

10-12 pico p

10-1° femto f

10~18 atto a




CHARGE AND CURRENT

AAA—

Charge is an electrical property of the atomic particles of which
matter consists, measured in coulombs (C).

e The coulomb is a large unit for charges. In 1 C of charge, there are 1/(1.602
x 10™) = 6.24 x 10" electrons. Thus realistic or laboratory values of charges
are on the order of pC, nC, or uC.

e According to experimental observations, the only charges that occur in
nature are integral multiples of the electronic charge e = -1.602 x 10™ C.

e The law of conservation of charge states that charge can neither be created
nor destroyed, only transferred. Thus the algebraic sum of the electric
charges in a system does not change.

AAMA—
t Electric current is the time rate of change of charge, measured in amperes (A).

=

-+ —
Battery
AAA—
A direct current (dc) is a current that remains constant with time.
AAAA—

An alternating current (ac) is a current that varies sinusoidally with time.




VOLTAGE

AVAAYA Ve
Voltage (or potential difference) is the energy required to move
a unit charge through an element, measured in volts (V).
a
+
Vab
o b

POWER AND ENERGY

AAA—
{ Power is the time rate of expending or absorbing energy, measured in watts (W).

p =i




—o AAAN—
Passive sign convention is satisfied when the current enters through
the positive terminal of an element and p = +-vi. If the current
enters through the negative terminal, p = —vi.

- —
+ +
14 14
p=+W p=-v
(a) (b)

Energy is the capacity to do work, measured in joules ().

The electric power utility companies measure energy in watt-hours (Wh), where 1
Wh =3,600J

The Resistance and Resistivity

AAAA—

The resistance R of an element denotes its ability to resist the flow
of electric current; it is measured in ohms (£).

® materials in general have a characteristic behavior of resisting the flow of
electric charge.

® This physical property, or ability to resist current, is known as resistance and
Is represented by the symbol R.



® The resistance of any material with a uniform cross-sectional area A depends

on A and its length ¢,

R=p

14

A

where p is known as the resistivity of the material in ohm-meters.

+
v R
Material with
resistivity p
Cross-sectional
area A
(a) (b)
Material Resistivity (2-m) Usage
Silver 1.64 x 1078 Conductor
Copper 1.72 x 10—% Conductor
Aluminum 2.8 x 1078 Conductor
Gold 2.45 x 1078 Conductor
Carbon 4% 107 Semiconductor
Germanium 47 x 10~2 Semiconductor
Silicon 6.4 x 10? Semiconductor
Paper 1010 Insulator
Mica 5 x 10! Insulator
Glass 10" Insulator
Teflon 3 x 1012 Insulator




Ex: 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 a solid copper wire having the above diameter.

Solution:

4= 7
4
7(1.63 X 107 m)?
4

=2.09 X 107 m?

=2t
A

_ (1723 X 107* )-m)(75 m)
2.09 X 107°m’

= 0.619 Q)

10



Ohm’s law

AVAAVAV
Ohm’s law states that the voltage v across a resistor is directly proportional
to the current i flowing through the resistor.

v Xl

R:T
l

Ex: An electric iron draws 2 A at 120 V. Find its resistance
Solution:

R="_-120_cq
i 2

Ex: In the circuit shown, calculate the current i, and the power p.
Solution:

v 30

[ = =
R 5x10°

= 6 mA

p = vi =30(6 x 107%) = 180 mW

or

p=i’R = (6x107%)25 x 10° = 180 mW

11



Review Questions

Ex: Find the resistance of a 100-m long tungsten wire which has a circular cross-
section with a diameter of 0.1 mm. the resistivity of tungsten is 5.485 10°Q.m

Answer: 698 Q

Ex: The essential component of a toaster is an electrical element (a
resistor) that converts electrical energy to heat energy. How much
current is drawn by a toaster with resistance 12 Q at 110 V?

Answer: 9.167 A.

Ex: (a) Calculate current i in Fig. below when the switch

IS in position 1.

(b) Find the current when the switch is in position 2

1

—e

1009§

¥

2

[

§150.Q
3V

12



SERIES RESISTORS AND VOLTAGE DIVISION

Ul:iRl, ngng

—v+4+v4+v,=0
V=10 + v =1(R; + R»)

. v
I =
Ry + R>
UV =iReq
Req:Rl+R2

The equivalent resistance of any number of resistors connected in series

is the sum of the individual resistances.

AAAA—

N
Req:Rl+R2++RN:ZRn

n=l1

i R
" a eq
VWY
+ oy -

o]

13



Rl R2
v, Uy =
R1+R2 R1+R2

v = v

PARALLEL RESISTORS AND CURRENT DIVISION
I Node a

_...

iy | i §

€ D
Node b
v , v
= —, [p = —
1 3 2 R,
I =1+ i
o v 1 | v
R, R R, K Req
| _ | . |
Req Rl RZ
1 _R1+R2
Rq  RIR
B R\R,
T R+R

AAAM—

The equivalent resistance of two parallel resistors is equal to the product
of their resistances divided by their sum.

14



1 —l+1+ N 1
Req Rl R2 RN
Y . Ry
"TRA+R TR +R
_ R-> i ) R
= 45 5 I2 =
R, + R R+ R

Ex: Find R ¢ for the circuit shown below.
Solution:

£50

4 Q 1Q
o] AMAN AN
20Q
Req
80 6 Q 3Q
o ANV
6 x 3
6Q|3Q2= =20
6+3
I1Q245Q=6%2
4Q
o] AN
R 2Q
Rea %69
20
8Q
(o} M

(a)
2024+202=4Q

15




4 x6
4Q1162=—-=24Q
446

4 Q
O AN
Req
— % 240Q
g8 Q
o AN
(b)

Rq=4Q+24Q+8Q=144Q

Ex :Calculate the equivalent resistance R,

Solution:
Qe . 1Q d 1Q
a o AV ANV AN
6Q
Rab
—_— 3Q§ %49
12Q
b o
b b
3x6
3Q| 62 = =2Q
3+6
12 x4
12Q (|42 = —
1244
1Q4+5Q2=6%2

10Q . 1Q 4
ANV

a o AN
%20 £10 Zen

b b b
1Q242Q =3%.

b o

16



2x3

2Q3Q2= =120
2+3
10 Q
a o AN
2Q g% 30
b o
b b

Ry=10+12=112Q

WYE-DELTA TRANSFORMATIONS

R, R,

R Ry 1 — AW A

R3 § RB

(a) (b)
Two forms of the same network: (a) Y, (b) T.

Delta to Wye Conversion

17



_ RR
" R,+R,+R.

R,

B R.R,
" R,+ R, + R,

2

_ RiRy
" R,+R,+R

3

AAAA—

Each resistor in the Y network is the product of the resistors in the two adjacent A
branches, divided by the sum of the three A resistors.

Wye to Delta Conversion

_ RiRy+ RoRs + RsRy
- @

R,

_ RiRy+ RRs + RsR,
B R,

b

_ RiRy+ RRs + R3R,

R,
R;

AVAYAYA e

Each resistor in the A network is the sum of all possible products of Y resistors
taken two at a time, divided by the opposite Y resistor.

18



Ex: Convert the A network in Fig. below to an equivalent Y network.

a R, b
o A o
25Q
10 &2 150
R, ’ R,
C ’ff'
o
(a) (b)
RyR,. 25 x 10 250
Rl — — = =50
R, + R, + R. 254+ 104 15 50
R.R, 25 % 15
R2 = — = 7.5 Q
R, + R, + R, 50
R,R 15 % 10
R; = b — —30Q
R, + R, + R, 50

19



Review Questions

1. Transform the wye network in Fig. below to a delta network.
Answer: R;=140Q,R, =70 Q, R, =35 Q.

R, R,
a o AN A o b
10 Q 20Q
{".
R, < 40Q
-
0
c
2. Find Ry, for the circuit in Fig. below.
Answer: 11 Q.
200
AAAN
8Q 5Q
a ANy AM
R, 180 2 200
—_— y < 7 1Q
T 7 §
/ 20\
b AMAA

20



NODES, BRANCHES, AND LOOPS

AAA—
{ A branch represents a single element such as a voltage source or a resistor.

A
{ A node is the point of connection between two or more branches.
AAAA—
{ A loop is any closed path in a circuit.
a 5Q

b
—WW—e ’ )
:

lOV. b0 230 .ZA
:

9

c
b

2A

1ov

21



KIRCHHOFFE’S LAWS
Kirchhoff’s current law (KCL)

AAA—

Kirchhoff's current law (KCL) states that the algebraic sum of currents entering
a node (or a closed boundary) is zero.

i+ (—i2) +i3+is+ (—i5) =0
i 4 i+ is = in +is

AAA—
The sum of the currents entering a node is equal to the sum
of the currents leaving the node.

Ex: Find the current I,

Solution:
TmA

2A % 4A
(}_p AN A “_O

|5

22



Kirchhoff’s voltage law (KVL)

) ]
+ -+ —
VWA VAR
@ () @~
- ¥+

$ Kirchhoff's voltage law (KVL) states that the algebraic sum of all voltages
around a closed path (or loop) is zero.

—U1+U2+U3—U4+U5=0
UV +v3+vUs =v 4+ Uy

Sum of voltage drops = Sum of voltage rises

Ex: Find v; and v, in the circuit
Answer: 12V, -6 V
Solution:

l{}V. .SV

23



METHODS OF ANALYSIS
Maxwell’s loop current analysis (Mesh Analysis)

AANN—
A mesh is a loop which does not contain any other loops within it.

Il Rl I: R

—_— A h —» W &

2
T BORETRON Y
f e d

Steps to Determine Mesh Currents:

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

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

3. Solve the resulting n simultaneous equations to get the mesh
currents.

—Vi+ Riip + R3(i; —i2) =0

(Ri+ R3)iy — Rzirn =V,
Ryir + Vo + R3(in —i1) =0
or

—Rzi; + (Ry + R3)io = — Vs

R1+R3 —R3 -':1 _ Vl
—R; R+ Rs3||ia] |[—Va

24



Ex: For the circuit below , find the branch currents 11, 12, and 13 using mesh
analysis.

I I
L 50 2 6Q

Solution:
We first obtain the mesh currents using KVL. For mesh 1,
—15+4+5i; +10(i; —i,) +10=0
or
3ip—2ib=1 (3.5.1)
For mesh 2,
6ir +4i, + 10(i» —i;) —10=0
or
i1 =2i,—1 (3.5.2)
| Using the substitution method, we substitute Eq. (3.5.2)
into Eq. (3.5.1), and write
6i —3—-2i, =1 - h=1A
From Eq. (3.5.2),i; =2i, — 1 =2—1=1A. Thus,
I =i, =1A, L=i,=1A, I3i=i,—i,=0

METHOD WA To use Cramer’s rule, we cast Egs. (3.5.1) and (3.5.2) in

matrix form as
3 =20 (i |1
—1 21| |1

We obtain the determinants

3 =2
A__l 2‘_6—2_4
1 -2 3 1
A |l 2‘—2+2_4, Az—'_l l|—3+1_4

Thus,

A, A,

Il——:lA, I = =1A

A A

as before.

25



Review Questions

Ex: Determine il and i2 in the circuit

4A/ \—2A

Ex: Find i1, 12, and i3 in the circuit

G

Ex: Use KCL to obtain currents i1, i2, and i3 in the circuit shown
12 mA

O mA

Ex : From the circuit in Fig. 2.80, find I, the power dissipated by the
resistor, and the power supplied by each source.

10V
N
N\

12V J_f) §3Q

©
-8V

26



Ex: Determine v1 through v4 in the circuit

Ex: In the circuit in Fig. 2.76, obtain v1, v2, and v3.

+15V_
o
25V 10V v
+ + - + 2 —
I
+ + +
20V " Vs
Ex: Find | and Vab in the circuit
30 WOV, 50
AN . O AAN
. 1
30V . Vs . 8V
b

Ex: Calculate the mesh currents i1 and 12 in the circuit below.

Answer:i1=2/3A,i2=0A

20 90
AN AN
12Q
IZV. m) - .SV
I
AN AN
40 3Q

27



CIRCUIT THEOREMS
SUPERPOSITION
—0 AVAVAVAY e
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
through) that element due to each independent source acting alone.

—o

Steps to Apply Superposition Principle:

1. Turn off all independent sources except one source. Find the
output (voltage or current) due to that active source using nodal or
mesh analysis.

2. Repeat step 1 for each of the other independent sources.

3. Find the total contribution by adding algebraically all the
contributions due to the independent sources.

Ex: Use the superposition theorem to find v in the circuit below.
8§ Q

AW

+

6V. 4Q§V .SA

Solution:

Since there are two sources, let v = v1 + v2 where v1 and v2 are the
contributions due to the 6-V voltage source and the 3-A current source,
respectively.

28



To obtain v1, we set the current source to zero

8 ()
AATA%" o)
+
sv(@® (i) s2Zw
O
(a)

12i; —6=0 o0 i1=05A
Thus,
[15] :411 =2V

we set the voltage source to zero, Using current division,

8 Q
ANV

f T

4Q= 1 G 3A

Hence,

U3:4f3:8V

U=U1+U2=2+8:10V

29



Ex: Using the superposition theorem, find vo in the circuit below.

Answer: 12 V.

30

3Q
MWV

MWW

%%29

G 8A

@ 20V




