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Electrical Engineering Fundamentals

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).

The international system of units, commonly called SI, is used in
electricity. The base units of Sl are listed in Table (1).
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1.1 Basic Concepts and Basic Laws

1.1.1 System of Units

Table (1). The international system of units SlI

Quantity Symbol | Basic SI Unit | Abbreviation
length L; | | meter m
mass M;  m | kilogram kg
time T; t | second S
electric current I} ampere A
electric charge Q:q coulomb C
electric potential Vv volt Vv
resistance R ohm Q
inductance L henry H
capacitance C farad F
Frequency f hertz Hz
Force F newton N
energy, work W joule J
power P p watt v,
magnetic weber Wh
magnetic flux | B tesla T
density
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e The SI Prefixes can be illustrated as table below :

Prefiks Symbol Multiplying factor
yotta Y 1 000 000 000 000 000 000 000 000 = 10%
zetta Z 1 000 000 000 000 000 000 000 = 10%
exa E 1 000 000 000 000 000 Q00 = 10%
peta P 1 000 000 000 000 000 = 10'®
tera T 1 000 000 000 000 = 10'
giga G 1 000 000 000 = 107
mega M 1000 000 = 10°
kilo k 1000 = 10°
hecto h 100 = 104
deka da 10 = 10!
deci d 0,1=10"
centi c 0,01 =107
milli m 0,001 = 107
mikro T 0,000 001 = 10°®
nano n 0,000 000 001 = 107
piko P 0,000 000 000 001 = 10°*?
fermto f 0,000 000 000 000 001 = 107°
atto a 0,000 000 000 000 000 001 = 10718
zepto z 0,000 000 000 000 000 000 001 = 10°%
yocto Y 0,000 000 000 000 000 000 000 001 = 10
For example : -

10 MHZ =»10x10° HZ

2 mA =2x10° = 0.002A

5uS=5x10°S

1,000,000 ohms 1 10° ohms =» 1 meg-ohm 1 M

e ATOMS AND THEIR STRUCTURE
- The orbiting electron carries a negative charge equal in magnitude to
the positive charge of the proton.
- The atomic structure of any stable atom has an equal number of
electrons and protons.
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As shown in figure (1) below:
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(a) Hydrogen atom (b) Helium atom

Fig.1. Hydrogen and helium atoms.

Copper is the most commonly used metal in the electrical/electronics
industry. It has 29 electrons in orbits around the nucleus, with the 29th
electron appearing all by itself in the 4th shell. Note that the number of
electrons in each shell and subshell is as defined in Figure (2) below.

3rd shell
2 s 18 electrons

Nucleus
29 protons
29 neutrons

4th shell
(Maximum = 32 electrons)

29th electron

Ist shell

- 2 electrons

2nd shell
8 electrons

Fig. (2). The atomic structure of copper

Coulomb’s law is the force of attraction between the nucleus and the
electron of atomic.
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As it visible in equation below:

F=k leQz (newtons, N)
2

where F is in newton's (N), k a constant ( 9.0x10° N-m?/C? ), Qi and

Q- are the charges in coulombs, and I is the distance between the two
charges in meters.

Other metals, that appear the same properties as copper, but to a
different degree, are silver, gold, and aluminum, and some rarer metals
such as tungsten. Additional comments on the characteristics of
conductors are can be seen in several references.
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Fig. 3(b) Defining the positive e

(C), there is a difference of 1 volt P
(V) between the two points i
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e every source of voltage is established by simply creating a separation
of positive and negative charges.
e One coulomb of charge is the total charge associated with
6.242 x 1018 electrons.
1 coulomb = 6.242 x 1018 electrons
e if atotal of 1 joule (J) of energy is used to move the negative charge of
1 coulomb (C), there is a difference of 1 volt (V) between the two points.

The defining equation is:
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Where:
V volts (V)
W joules (J)
Q coulombs (C)
4 /1 coulomb of charge
- i oot z, | coulomb of charge * \4.8joulcs of energy
coulom = \
i f charee 2y 2 joules of energy .
\\\ of charge joules of energy -
; 3% I joule
! Ak y
+b “\Kofcncrgy 2V g s
IV g%
(a) (b) (¢) (d)

Fig. (4) Defining the voltage between two points.

1.1.2 Charge and Electric Current

Definitions & Terminologies

1- Electric charge (Q) : is a physical prosperity of electrons and protons
in the atoms that gives rise to force between atoms. The charge is
measured in coulomb [C].

The coulomb is defined as the quantity of electricity which flows in an
electric 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
(1.602 x 10*® C ), while the charge of an electron is chosen as negative
with a value (-1.602 x 10*° C).

Where, Q =» electric charge = coulomb.
| =>» electric current =» ampere.
T=>» time =» second.
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The total charge (Q) transferred during the time from (t;) to (t2) can be
calculated as,

t2 .
q = ftl l'dt TTTTTTTTT (4)

Example 1: If a current of (10A) flows for (4 minutes). Find the quantity of
electricity transferred?

Solution:

Quantity of electricity is (Q) =1 X t
I=10A,t =4 x 60 S = 240 second [S]

Hence Q = (10A)x(240S) = 2400 Coulombs

2- Electric Current : is the rate of change of charge , measured in
amperes (A). An ampere is defined as the flow of charge at the rate of one
coulomb per second (1A = 1C/S).

The current (1) is defined mathematically as:

I = % or i(t) = — S (5)

Observed: the traditional direction of current flow in reverse to
the direction of electrons flow as shown in Figure (5=6).

electron flow direction

1 - -
> .

[ -

Current flow direction

11
+1=

Battery
Fig. (6) direction

3- Direct current (dc): is the current that remains constant in
direction & magnitude (constant with time) as shown in Figure
(7)(@).The symbol (I) is usually used to represent such a
constant current. The reason for such unidirectional current is
that the voltage source maintain the same polarity for the output
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voltage. The voltage supplied by these sources is called direct
current voltage or dc voltage.

Idh

-

0 t

Fig.(7) Direct current (dc), constant with time.
4- Alternating current (ac): is the current that reverse or
alternates in polarity with time such sinusoidal current as shown
in Figure (8) ac usually represent by a symbol i or i (t).

1) A

0 \/ :

Fig. (8) Alternating current (ac)

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 positive charge from point A to point B. If this
energy is positive, then (Vag) is positive & point A is higher potential
with respect to point B.

Vag=Va-Vg =2 and =2 Va>Vg (6)

e using the unit of volt [V].
e One joule (1J) used to move a charge of one coulomb (1 coulomb)
between two points.

V=% or vV=__ R @)
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6- Power (P):- it is defined as the rate of work done, or it is the rate of
energy with respect to time.

=_ - e (10)

from equation (7), 2 w=q XV
_qxV
t

p

from equation (5), =2 [ = 2
t

= Therefore,» p=1XV

Note :

joule

= 1Watt=1

Second

= 1 horse power (h.p.) = 746 watt.

= Negative power means the element gives energy to network (such as
sources).

= Positive power means the element absorbs energy from network
(such as resistors)

7- Energy (W) : It is quantity represents the product of power (P) & the
period (t).

( watt X second ) or (joule)

from equation (2), = V = d
Q

W=QxV

From equation (2),

2,
q=fttll.dt ---------- )

10
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t2
W={[ i.dt}xV
tl

W = ([ V)de)

w=[P.dt U (12)
t
Energy = % --------- (13)
plw] X t[s]

Energy[kW.h] = 1000
Example 2 : How much energy does a 100w electric lamp consumes in 2
hours?

Solution:

w=pXt

w =100W X 2h = 200 w.h

Or

2h =2 X% (60 x 60)s = 7200S

w=100W x 7200 S = 720,000 = 720 kW.h = 720 K]

Example 3: Determine the energy expended in moving a charge of 50 uC
through a potential difference of 6\V?

Solution:

W =Q.V = (50 x 10°) x 6 =300 x 10°J =300 pJ

Example 4: A voltage source of (6V), supplies a current of 4A for 20
minutes. How much energy is supplied in this time?

Solution:

w=pxt= V.t

w = (6XxX4) X (20 x 60) = 28800[w.s] = 28.8K]

HW: A voltage source of (3.853V), supplies a current for a resistance
having a length (I=75 meters), Area A = 2.09 X 10-¢ m2, and
resistivity (p = 1.723 X 10-8 (). m) for 20 minutes. How much
energy is supplied in this time ?

Example 6: several of homes employ 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?

11
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Solution:
Calculate the cross-sectional area of the wire:

nd? m (1.63x1073
A=EH =X ) =209 x10-6 m?

4 4
" l

= p — =
A

o (1723108 0.m) x (75m)

2.09 x 10-8m2 = UL

8- Circuit Elements :- can be divided into two types:

(i) Active Elements: the elements which are able to supply energy to the
network such as voltage and current sources which includes generators,
batteries and operational amplifier.

(i1) Passive Elements: the elements which take energy from sources and
either convert it to another form, or store it as electric or magnetic field,
such as resistors, inductors & capacitors.

' ‘—L I = \l
Tt YT

Voltage Source Resistor Capacitor Inductor
. _/

Fig. (9).Circuit Elements

Sources: sources (voltage or current sources) can be divided into two
types,

(i) Independent Sources.

(ii) Dependent Sources.

1) Independent Source, is an active element that provides a specified
voltage or current that is completely independent of other circuit
elements.

12
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i
" - Constant Voltage Source
Vg C:) vs IUE
-
i 0 i (A)
—

Alternating Voltage
iy Source

— .
Y \WAWA
Vo cOS(ot) @ iy 0 \/2;\/ \:.
I Ny o4 —
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iz C?) W 115
_ C v
.

Fig.(10). Representation of sources.

i) Dependent (or controlled) Source, an active element in which the
source quantity is controlled by another voltage or current. It can be
classified as:

1) A voltage-controlled voltage source (VCVS).
2) A current-controlled voltage source (CCVS).
3) A voltage-controlled current source (VCCS).
4) A current-controlled current source (CCCS).

13
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+
i uV h rh
Voltage-controlled Current-controlled
voltage source (VCVS) voltage source (CCVS)
+
7 gV, I, l B,
Voltage-controlled Current-controlled
current source (VCCS) current source (CCCS)

Fig.(9). Representation of controlled sources

Resistance

The flow of charge through any material facing 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 (Q2) the
capital Greek letter omega.

The resistance of any material with a uniform cross-sectional area is
determined by the following four factors:

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

14
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At a fixed temperature of 20°C (room temperature), the resistance is
related to the other three factors by

l
Ra_
a“ (@
1
1’?—/)Z - - (14)

Where p is a characteristic of the material called the specific resistance or
resistivity, ( |) is the length of the material, and (A) is the cross sectional
area of the material.).

Table(3). Resistivity of Materials

Resistivity
Material (£ *m)
Silver 1.59 x 10~8
Copper 1.7 X 10~
Gold 2.44 X 1078
Aluminum 2.82 X 10~8
Tungsten 5.6 x 1078
Iron 10.0 < 107#
Platinum 11 x 1078
Lead 22 X 10~8
Nichrome® 150 X 10~3
Carbon 3.5 X 105
Germanium 0.46
Silicon 640
Glass 1010101
Hard rubber 1013
Sulfur 10'5
Quartz (fused) 75 X 106

Conductance: is an expression of electric current flows through a
materials. In equations, conductance is symbolized by the letter G. The
standard unit of conductance is the siemens (abbreviated S), formerly
known as the mho.

Conductance (G) is inverse of Resistance (R) as show in equation below:

15
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c A
pl
A
G=vy - S (15)

1
Where: y = p called conductivity of material in [s/m]. A resistance of

[IMQ] is equivalent to a conductance of [10° S], and resistance of
[10Q2], is equivalent to a conductance of [10? S]. The larger the
conductance, therefore, the less the resistance and the greater the
conductivity.

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:

From jquation (14);

pl
if the area is reduced by 30% ; therefore, = A>=A:- 0.3A1 = A>=0.7A:

and
the length is increased by 40% ; therefore , = 1,=11+0.41, = [,=1.41;
For case one :

_ A1 e
Gy =" 1)
For case two:
Gz = S e (1)
p2l2
Since p1 = p2
Substitute equation (1) in (2);
0.744
GZ = Pl 1411
0.7 Aq
GZ = 0561

16
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Example 6: several of homes employ 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:

Calculate the cross-sectional area of the wire:

2 -3
A= (T[d ) — m (1.63x1077) =209X10_6 mz
4
[
R:p_ —
A

P _ (1723 X108 Q.m) x (75m)
2.09 X 10-8 m?2

= 0.619 Q

Example 7: Bus bars are bare solid conductors (usually rectangular) used to camry 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 (10) , determine the
resistance between the ends of this bar at a temperature of 20°C.
Solution:
The cross-sectional area is "0
A = (150 mm)(6 mm) |/ £k
= (0.15 n1)(§).006 m) Ry S
= 0.0009 m 130,
= 9.00 X 10 m’ T
The resistance between the ends of the bus bar is determined as ~ l_\6
I (2.825 x10~8 0.m) x (270 m) ction. i
R= p— =
A 9x10~% m2
=848 X 10°Q Figure (10) : Conductor with
= 8.48 mQ rectangular cross section

Type of Resistance (ch. 3, page 74)

Fixed resistor: A fixed resistor is one that has a single value of resistance
which remains constant under normal conditions. The two main types of
fixed resistors are carbon-composition and wire-wound resistors. As
shown in figure (11).

17
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R

o MN o

Fig. (11). fixed resistor.

Variable resistors: Variable resistors are used to change the resistance
value in a circuit. This lead to variable the voltage in circuit therefore,
variable resistors are called potentiometers. As shown in figure (12).

a

Ruh Ruh
r—%‘——o b —— R
RS<+—o0b ao—AMMM——oc a O—M—o
R R h. C
C
(a) (b) (c) (d)

Fig.(12). Potentiometer: (a) symbol; (b) and (c) rheostat connections; (d)
rheostat symbol.

Color Coding of Resistors: The colored bands provide 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 of the resistor
with the band nearest to it. AS shown in fig.(13).

Color band resistor can be determined using the following relation.

| |

(a) First band (b) Second band  (c) Multiblier ~ (d) Tolerance Reliability

I L (16)

18
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For examples see figure (15) below:

4 Bands [ ’ \
| ]
;4. TKQ 10%
5 Bands ’ )
| ]
/ BBKQ, 5%
6 Bands
[ i
560K, 0.1%
1st 0.01
Digit : o

15ppm

25ppm

Temperature
Coefficient

Mu ltiplier

™
|

Tolerance

Fig.(15) Color code resistor
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Temperature effects

Temperature Coefficient of Resistance : There is a second popular
equation for calculating the resistance of a conductor at different
temperatures. Defining :

R, = Rzﬂ[l + ﬂfzu(Tl - ZODC)]

Where , atpp is the temperature coefficient of resistance at a temperature
of 20°C, and Ry as the resistance of the sample at 20°C, the resistance R;
at a temperature T; is determined by

1
"0 77 + 20°C

(Q/°C/O)

Table (4) Temperature coefficient of resistance for various
conductors at 20°C.

Temperature
Material Coefficient (o)
Silver 0.0038
Copper 0.00393
Gold 0.0034
Aluminum 0.00391
Tungsten 0.005
Nickel 0.006
Iron 0.0055
Constantan 0.000008
Nichrome 0.00044

20
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Example 8: For a (1kQ) copper composition resistor with a temperature
coefficient at (20°C) 0.00393, determine the resistance at (60°C) ?

Solution:

From equation (17) ;

Ry = Rpo[1 + azo(T1 — 20°C )]

Ry =(1x%x103)[1+0.00393(60 — 20°C )]

R1 = 1.157 kQ

21



