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A Brief  History
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Four parts:

Parts of an electrical system
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What is an Electric Circuit?

Five electrical elements that we ll focus on:
Resistors
Capacitors
Inductors
Voltage Sources
Current Sources
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An electric circuit is an interconnection of 
electrical elements.
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Electric Circuit
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Example Circuit: A Power Supply 
from a Flat-Screen Television

Resistor

CapacitorsInductorFall 2020 6Basic Units

A Simpler Example Schematic 
Diagram: Flashlight

Light Bulb

Battery (Voltage Source)

Switch

When the switch is open (as drawn), no current flows, 
so the bulb is dark.
When the switch is closed, current flows, and the bulb 
lights.
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Example Schematic Diagram:   
A Radio Transmitter

Resistor Symbol

Capacitor Symbol

Inductor Symbol
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Basic Concepts

1. Systems of Units.
2. Electric Charge.
3. Current.
4. Voltage.
5. Power and Energy.
6. Circuit Elements.
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1. System of  Units: SI units
When taking 
measurements, we 
must use units to 
quantify values

We use the 
International Systems 
of Units (SI for short)

Prefixes on SI units 
allow for easy 
relationships between 
large and small 
values
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Quantity Basic unit Symbol

Length meter m

Mass kilogram kg

Time second s

Electric current ampere A

Thermodynamic 
Temperature

kelvin K

Luminous intensity candela cd

Table 1: Six basic SI units
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Derived units in SI
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Table 2: Derived units in SI, commonly used in electric circuits
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Large and Small Numbers
We must often deal with very large or very 
small numbers.

a resistor might have a resistance 
of 680,000 and a current of 0.000145 A.
It s not convenient to use so many zeroes 
when writing or discussing numbers. 
Instead we use SI prefixes (or engineering 
prefixes), which are abbreviations for certain 
powers of 10.
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Table 3: The SI prefixes
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SI or Engineering Prefixes
You must memorize these prefixes.
You must also be able to convert between 
numbers written with engineering prefixes 
and numbers written in everyday (floating-
point) notation.

Whenever you have a number that s 
greater than 1000 or less than 1,       
you should use the SI prefixes.
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Example using Prefixes
a resistor might have a resistance 

of 680,000 and a current of 0.000145 A.
Using Prefixes

Instead of writing 680,000 ,  
write 680 k
(pronounced 680 kilo-ohms ).

Instead of writing 0.000145 A, 
write 145 A
(pronounced 145 microamps ).
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Atoms

The simplest of all atoms is the 
hydrogen atom, made up of two 
basic particles, the proton and the 
electron.
The nucleus of the hydrogen atom 
is the proton, a positively charged 
particle.
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Atoms
Copper is the most commonly used metal in the electrical 
industry. 
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2. Electric Charges
Charge ( or ) is an electrical property of the atomic 
particles of which matter consists, measured in SI unit 
Coulombs (C).

Charge of one electron = -1.602 10-19 C. 
This is called the electronic charge Note it has a negative sign.

Charge of one proton = +1.602 10-19 C. 
Note it has a positive sign.

One Coulomb = 6.24 1018 electrons. (Very Large)

Charge cannot be created or destroyed, only 
transferred.
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Example 1:
How much charge is represented by 4,600 electrons? 

Practice 1: Calculate the amount of charge represented by six 
million protons.
Answer: +9.612 10 13C. 
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What is Electricity?
One might define electricity as 

The separation of positive and 
negative electric charge.

When the charges are and we call 
this .  
The separation of charge between clouds and the earth 
before a lighting discharge is a static electricity.

When the charges are (changing with time 
relative to one another) we have .
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3. Current
Current: is the rate of charge flow.
Current, , is measured as charge moved 
per unit time through an element. 
Unit is Ampere (A), is one Coulomb/second
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Historically the moving charges were thought to be positive.
Thus we always note the direction of the equivalent positive 
charges, even if the moving charges are negative.
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Example 2:
A conductor has a constant current of 5 A. How many 
electrons pass a fixed point on the conductor in one minute?

Practice 2: Determine the total charge entering a terminal between 
1s and = 2s, if the current passing the terminal is (3 ) A. 

Answer: = 7.5 C. 
Basic Units
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Example 3: 
Find the current in a element if the charge flowing 
through the element is (t) = 3t3 + 6t2 +8t 4.
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Example 4:
If the current in an electrical device is given by,

(t) =  2t + 4
With (0) = 1.5 C
Find the charge flowing through the device.
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Practice 3: Determine the current.
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1 2 3 4 5 610

10
20
30

Charge(pC)

Time(ms)

DC vs. AC
A current that remains constant with 
time is a Direct Current (DC or dc)
Constant current is represented by 
the capital , 
A source of DC is a battery.

A current that varies sinusoidally 
with time is an Alternating Current 
(AC or ac)
Time varying current uses the 
lowercase, .
Mains power is an example of AC
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Current Direction
The sign of the current indicates the direction in which 
the charge is moving with reference to the direction of 
interest we define.
We need not use the direction that the charge moves in 
as our reference, and often have no choice in the 
matter.
A positive current through a component is the same as 
a negative current flowing in the opposite direction.
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Current direction
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In solving for current in a circuit, we must assume a 
direction, solve for the current, then reconcile our answer. 

Circuit  1 Circuit  2

(a) (b)

I1 = 4 A I2 = - 3 A

In the diagram above, current I1 is actually 4 A as assumed.  
The actual positive direction of current I2 (equal to -3 A) in 
the opposite direction of the arrow for I2.

Current in Circuits
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4. Voltage
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Voltage (or potential difference) is the energy required to 
move a unit charge through an element, measured in 
volts (V). 

Mathematically,                                     (volt)

is energy in joules (J) and is charge in coulomb (C). 

Electric voltage, , is always across the circuit element
or between two points in a circuit. 

> 0 means the potential of a is higher than potential of b. 
< 0 means the potential of a is lower than potential   of b.
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Voltage
If one coulomb of charge is located at
point b and one joule of energy is
required to move the charge to point a.
Then we say that
Vab = 1 volt = 1 joule/coulomb

= 1 newton meter/coulomb

Vab = 1 volt states that the potential of
point a (voltage at point a) is 1 volt
(positive) with respect to point b.

The sign associated with a voltage is
also called its polarity.
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b

a
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As in the case for current, we must assume a positive 
direction (polarity) for the voltage.  

Consider the three diagrams below.  

+

-

.

.
v = 4 v

a

b

vab = 4 v v = 4 v

(a) (b) (c)

Each of the above gives the same information.

Voltage in Circuits
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Assume a polarity for the voltage.
When solving the circuit for the voltage, we may find that 
the actual polarity is not the polarity we assumed.

+

-

v = -6 v

The negative sign for 6 v 
indicates that if the red lead of a
voltmeter is placed on + terminal
and the black lead on the terminal 
the meter will read 6v.

Voltage in Circuits
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Current and Voltage Ranges
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5. Power
In general, 

It is measured in watts (W), which equals (J/s)
In equation form, power ( ) is determined by:
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5. Power sign
Power ( ) is the rate of expending or absorbing energy.

Circuit elements that power have a positive value of 
Circuit elements that power have a negative value of 

vi
dt
dq

dq
dw

dt
dwp

Passive Sign Convention
(PSC)

Absorbing power Supplying power
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Passive Sign Convention (PSC)
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Determine whether the PSC is satisfied and write 
equations for the power for each diagram below.
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Energy
For power, which is the rate of doing work, 
to produce an energy conversion of any 
form, it must be 
The energy ( ) lost or gained by any 
system is therefore determined by:

t

t

t

t
vidtpdtw

0 0
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Energy
The electric power utility companies measure 
energy in watt-hours (Wh) or kilo-watt-hours 
(kWh), where 

1 Wh = 3,600 J
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Energy
Consider that 

The kilo-watt-hour meter is an instrument for 
measuring the energy supplied to the residential 
or commercial user of electricity.
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Note: the units of energy not the Joule

KWH : kilowatt-Hour Meter

Fall 2020 Basic Units 41 Fall 2020 42Basic Units

Energy Conservation
Conservation of energy requires that

Energy input = energy output + energy lost or stored 
by the system

= 0

0p
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Power Conservation

Energy Conservation
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Example 5:
An energy source forces a constant current of 2 A for 10 s to flow 
through a light bulb. If 2.3 kJ is given off in the form of light and 
heat energy, calculate the voltage drop across the bulb. 

Practice 3: To move charge from point to point requires 
30 J. Find the voltage drop if: (a) = 6 C, (b) 3 C.

Answer: (a) 5 V ,  (b) 10 V.
Basic Units
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Example 6
Find the power delivered to the machine.
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Find the power absorbed for each device

Example 7: Passive sign convention

Basic Units
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Example 8:
Verify that the voltage & current measurements satisfy the 

.

p
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Example 9:
How much energy does a 100-W electric bulb consume in two 
hours? 

Practice 5: A stove element draws 15 A when connected to a 
240-V line. How long does it take to consume 180 kJ?
Answer: 50 s.
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Energy Consumption
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kWh/month

Halalah/kWh

Residenti
al

Commerc
ial

Agricultural 
and 

Charitable 

Governme
ntalIndustrialPrivate Medical 

Centers, Schools, 
Institutes,
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Cost Calculation

First, convert power unit from (W) into (kW) by dividing by1000

Then, multiply the power (kW) by time (hours) to get energy (kWh)

Finally, multiply the energy (kWh) by tariff price (halalah/kWh).

For example
How much does it cost to run a 60W lamp  for 20 hours? 
The electricity tariff price is 20 halalah/kWh.
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Example 10:
A 100 W computer being used 6 hours per day for 22 days per
one month. Calculate the monthly bill in Saudi Riyal if the cost
of energy is 18 Halalah/kWh.
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Calculate the total energy used for 30 days in (kWh) and the total 
monthly bill in a office using the following devices:

kWh/month Halalah/kWh
1 6000 20

More than 6000 30
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We classify circuit elements as passive and active.  

Passive elements cannot generate energy.  Common examples 
of passive elements are resistors, capacitors and inductors.  
We will see later than capacitors and inductors can store 
energy but cannot generate energy.

Active elements can generate energy.  Common examples of 
active elements are power supplies, batteries, transistors 
operational amplifiers.

For the present time we will be concerned only with sources.  
The types of sources we consider are independent and 
dependent.

6. Circuit Elements
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6. Circuit Elements

Active Elements Passive Elements

Independent
sources

Dependant
sources

A dependent source is an active 
element in which the source quantity 
is controlled by another voltage or 
current. 

They have four different types: VCVS, 
CCVS, VCCS, CCCS.  Keep in minds the 
signs of dependent sources. 

Fall 2020 Basic Units



Ideal Independent Voltage Source
An deal independent source is an active element that provides a 
specified voltage that is completely independent of other circuit 
elements.
The ideal voltage source can supply any amount of current.   
Furthermore, the ideal independent voltage source can supply any 
amount of power. 
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Ideal Independent Current Source
An deal independent source is an active element that provides a 
specified current that is completely independent of other circuit 
elements. 

If the current source is truly ideal, it can provided any value of 
voltage and any amount of power. 
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Voltage Sources

In general, dc voltage sources can be divided into 3 
basic types: 

1. Batteries (chemical action or solar energy),
2. Generators (electromechanical), and 
3. Power supplies (rectification).

Batteries:
Primary Cells (Non-rechargeable)
Secondary Cells (Rechargeable)
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Voltage Sources: Batteries
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Voltage Sources: Batteries
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Voltage Sources: Batteries
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Voltage Sources: Solar Cell
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Voltage Sources: Generators
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Voltage Sources: Power 
Supplies

The dc power 
supply 
(used in most labs) 
uses rectification 
& 
processes to 
obtain a steady dc 
voltage.
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Voltage Sources: Fuel Cells
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