Basic components and electric
) circuits
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Objectives

To be familiarized with
/- Basic electrical quantities and associated units
« Current direction and voltage polarity

* The passive sign convention for calculating
power

 |deal voltage and current sources
Dependent sources
s Resistance and Ohm’s law
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Units and scales >

Six basic units

Quantity Basic unit | Symbol

2% Length e meter ——> m

t 4N Mass kilogram —— Kg

(5:0 {0)\ Time second —— s

\CA_)\ Electric current ampere — A

r/ )N Thermodynamic kelvin 4~—5 K
6,\}' temperature

Luminous intensity candela —|) cd

o)\ NS
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26"
Units and scales 2

* The derived units commonly used In s

. . . ZY_SL’ = ZAW
electric circuit theory G st .

Quantity Unit Symbol * Prefix Symbol

electric charge coulomb C &
Oy 9 1

electric potential volt ~— V 10 - giga CG)
resistance ohm - & ‘ mega @
conductance —) siemens =2 S 103 — kilo @
inductance henry -~ H \ -2 .
capacitance farad <% F \n 10 centi ¢
frequency hertz -~ Hz ‘ l(@ milli @
force newton «——* N 1' fr;?é
energy, work joule ~— J > N
POWEr M~ ) watt . W C 1 nano
magnetfc ﬂux_ . weber Wb c q 6) 1(@ pico p
magnetic fiu <@ tesla .l 3 T ! -

Decimal multiples and
submultiples of SI units
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SR Charges

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

The charge e on one electron is negative and equal in
magnitude to 1.602 x 10-1° C which is called as

éj)ectronic charge. N

for constant charge and q(t) if time variant.
Coulomb is a large unit and in of charge there are
1/(1.602 x 10-1°) = 6.24 x 1078 electrons.

The charges that occur in nature are integral multiples
of the electronic charge
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example

C
* How much charge represented by|4600

@ectr@? =
 Solution: each electron has -1.602 x 10-19

C. hence 4600 electrons will have — 1.602
x 10-1° C/electron x 4600 electrons =

-7.369 x 10 16 C \ @\
Y \U\GOO %\,6025(\0
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kCurrenﬂ

s the@ of change of charge
measured in ampere(A)

Electric current i = dg/dt. The unit of
ampere can be derived as 1 A =

A d|rect Current )Is a current that

|th time.
@ IS a current that

varies Iy’ with time. (reverse

direction).” \
\ = BC?( = j,
NS\ == o+
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(d)
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< D
3 K Current

o oo

\Aa\”w
= w , U Q,ULQ

=
BN (b)bd



Mobile User


Q. The charge entering a certain element is shown.
Find the current at t =(1 ms;)

Solution:

Slope of the line ({ — Oms tot — 2 ms):

Ag 30mC-0mC 30 1/1C
At 2ms — Oms 2 }115

slope —

- 15}11;-\..

(% Y

the current i(t) is equal to the slope of this line: ~ |D
Thus i(1ms)=15 fA. ™M\ =
N~

Since t=1 ms lies within the linear region (t=0 to t=2ms),

i
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Voltage

SR

e N
M/

e hotential diffefeme) Is the energy required
O move a unit charge through an element, measured in

volts (V).

N

Mathematically, " _/ (volt) % v
ab

— wis energy in joules (J) and g is charge in coulomb (C)T\—@b\;
‘\/‘Q\):!Q—‘,v

Electric voltage, v, is always across the circuit element5-}%
or between two points in a circuit. oo A R

= means the potential of a is higher than potential of b.

~——— =

- — means the potential of a is lower than potential _of b.
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(1 D Powerj

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

dw _dw dq
dt dq dt

T?"NQ) | /\',-,“9Q 0\-—;)“

 Mathematical expression:@

Passive sign convention:

- absorbing power supplying power
(*/'\/w
+power absorbed= - power supplied
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p-~  examples

——p— —
O -~
+

(a) p= 4x3=12W ., '[

(b) p= 4x3=12W - Yol

. (b) .
Both are absorbing power as + current enters + terminal

- ,. "
(@) p= 4 x3=-12W A - =

4V 4V

(b) P= -4,X\ii2LN . Q‘Q’ /j\ N

o———

Both are supplying power of 12w | -
Absorbing poweriﬂ 2W is equivalent to a supplying

power of -12W.
é‘\f \tng 9

- - N
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Circuit elements ;..

E;A\) ()\ )
* Two types pas_s;i\ie and active elements

 Active is capable of generating energy
while a passive element is not.

 Passive elements: resistors, capacitors - -

EEeEEe———,

d inductors.
and inductors / J

» Active elements: generators, batteries and
C S—x N
poe
A ::b- B 1S
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tg(;&Voltage and current sources

- B il B
|dealindependent sources: voltage is

completely independent of the current or
the current is completely independent of

the voltage
(@)
3 vq <+ @
S & i
(a) (b) O
Independent voltage source Independent current source

Batteries and generators may be regarded as approximations to ideal
voltage sources.
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Voltage and current sources

ldeal dependent (OW sources: the
source quantity is con by another
voltage or current. It is mainly used in
modeling electronic devices such as transistor.

L
Bz
¢ N
X o AR yony Ki, i,
I o ) — =
./)
Cwmrollecl current source (c) (d)

Voltage controlled ource

Voltage controlled voltage source

Current controlled voltage source
/-———_\, n ]
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Dependent sources
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Networks and circuits

* The interconnection of two or more simple
elements forms an electrical network

* |f the network contains at least one closed
path, it is also an electric circuit. Note that
every circuit is a network but not all
networks are circuits.

101

®
(a) A network that i;a circuit (b) a network th
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\ : o
5" M\ Resistance >3 Lod!
v Bosfob
/9/'0- Resistance (R) is the ability to resist current
< SV——— T

\,J\ Resustmty@ is the measure of a material's
\ natural resistance to current flow. For a a wire
/ with IengthT cross-section area A then

O?,P Resistance unit is Ohm or Q
Resistivity unit is Ohm.meter or Qm

Cross-sectional 7
e 2 o | 2 <
area =A c Resistivity =p Qem | | <—> Diretion ok

\ current flow
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Resistivities of common materials

TABLE 2.1

Resistivity ({2-m)

Material

Silver < 1.64 % 1078 1 Conductor

Copper = .72 X 10°° Conductor /0'0

Aluminum = 28 X 1073 Conductor

Gold ~ 245X l()_\s_} onductor ‘A

Carbon 4 X 1077 Semiconductor Q,\(,.»\)

Germanium 47 X 1072 Semiconductor

Silicon 6.4 X 10° Semiconductor MQO
aper 10'° Insulator

Mica 5. X 10" 1nsulator A )

Glass ) Insulator / };

Teflon T % 10" Insulator
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Wire gauge

TABLE 2.4 Some Common Wire Gauges and the Resistance of (Soft)

| o Solid Copper Wire* =
CouductorSiz : Cross-Sectional Area (mm?) Ohms per(1000 at
- ——— =

28 . 0.0804 653
y I — — 0.205 - > 257
2 - 0.324 16.2
18 T 0.823 6.39
4 > 208 252

2 T x| eapos 1.59

) A ~ 13.3 0.395
)N —— s\ &
| o . 336 0.1563

.. * C. B. Rawlins, et al., Standard Handbook for Electrical Engineering, 13 ed., D. G. Fink and H. W Beaty, eds. New York:

© McGraw-Hill, 1993, p.4:47, :

AWG:ﬁLW which is a standard system

of specifying wire size
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\
\pﬁj\g’)\f\p@ Ohm’s Law

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

« Mathematical expression for Ohm’s Law isas  +

follows: - v % Ra/:

« Two.extreme possible values of R: 0
( (zero%)and oo are related with two ©
basic circuit concepts: short circuit and Qpen R0

circuit. — 1 = » 4%\04‘3\"3—



Mobile User


D) ] Resistors
&

(Z/ .
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, VIERR'S
Ohm’s law R =25k

» Current and voltage relationship for(2 Q)

linear resistor N

I (amperes)
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AW 1 Ohm's law | K="

. s the ability of an element to conduct
electric current; it is the reciprocal of resistance R and is

measured in mhos or siemens.

G:l:i — ﬁ
7 e

C/
* The unit of conductance is mho U, or[siemens S )

e Power =VI=1I?R =V?4/R
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~Q
Examples I\p/\'“ \’N@_
X
1. An electric iron_d_raws@at 120V. Find
its resistance. @\ . e goa
Solution: &

From Ohm’s law R = V/I= 120/2 = 60Q)
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example C/@

* A wire is run across a 2000 ft span to a
high power lamp that draws 400 9
AWG wire is used, how much power is
dissipated( Iost or wasted) W|th|n the wire?

7~ (2000 fee) o4 AWG Twie.. )

Lo A
Power
source

7

et of 4 AWG wire /
/
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From table 2.4 that 4 AWG wire is 0.2485 Q)
per 1000 ft. the total wire is 2000 + 2000=
4000 ft.

Wire resistance = 4000ft x0.2485 Q/ 1000ft
=0.994 Q)

Power dissipation in the wire= I°R
= (100)2x 0.994= 9940 W =9.94kW |

2000 feet of 4 AWG wire

2000 feet of 4 AWG wire
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Example of Electricity Bills

<
A homeowner consumes\ 700 kWh| in January. Determine the electric-
ity bill for the month usmgthe following residential rate schedule:
"
Base monthly charge of $12.00. ?\/CL)\ (\‘é)

First 100 kWh per month at 16 cents/kWh. ‘?
Next 200 kWh per month at 10 cents/kWh.
Over 300 kWh per month at 6 cents/kWh.

Solution: 2
We calculate the electricity bill as follows. 0O < Vo0 —
Base monthly charge = $12.0
First 100 kWh @ $0.16/kWh = $16.00
Next 200 kWh @ $0.10/k Wh = $20.00
N _ | ?@ ©
Remaining 400 kWh @ $0.06/k Wh = $24.00
Total charge = $72.00
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TG5O oo 5 00 P I A%
& —5 2% o0 = 270
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CONSUMPTION TARIFFS

Table shows the New Electricity Tariffs for all categories of consumption as approved by the Council of

Ministers' Decree dated 12/12/2017,which has been applied since 1/1/2018 :

Consumption Residential Commercial Agricultural & Governmental Industrial Private educational
categories Charities facilities, private
(Halalah / kwh) (Halalah / kwh) (Halalah / kwh) (Halalah / kwh) (Halalah / kwh) medical facilities
(Kwh) (Halalah / kwh)
1-6000 18 20 16
32 18 18
More than 6000 30 30 20
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Examples

—
How much energy does ( IOO-EWEIectric bulb consume initwo hours?) Example 1.6 |

Solution: N = 91[’

w = pt =100 (W) X2 (h) X 60 (min/h) X 60 (s/min)

Fnooom—noul " :jj\d‘?\

This 1s the same as o
Lw=pr=|oow><zh =

et houv’

‘\(9(95( Z ‘7\60%55 S

/ ~——
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L Examp|€ 1./ Calculate the power supplied or absorbed by each element in Fig.

P = 12(5) Absorbed power
= 8(0) Absorbed power

P
Py = 8(LO.2I) = 8(—0.2 X 5) = Supplned power

= p oj—? 22 \LY ﬁ@b\&@
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