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1 Define resistor and resistance

2 Direct measurement of resistance 



Electric Heater Electric Stove Irons

Resistor is an electrical component that creates

resistance in the flow of electric current.

What is resistor?

A resistor is designed to transform electric energy to heat

energy.



What is resistor?

A resistor is used to protect

the electric devices by opposes

the electric current (I).

The opposition of the electric current in the resistor leads to

the liberation of heat (thermal energy



What is resistor?

The resistor have two symbols can be used in

building electric circuits.

A resistor is characterized by a physical property called the

resistance.

The resistance is denoted by R, and it is measured in Ohms

[Ω]



What is resistor?

A rheostat (𝑹𝒉) is a resistor of adjustable resistance

used to adjust the value of the current or voltage.



What is resistor?

DC power supply:

DC power supply is an adjustable

battery whose voltage can be

changed between zero to a certain

maximum value.

−+

The symbol of DC power supply is:



What is resistor?

Kilo-ohm (KΩ) Ohm (Ω)

× 𝟏𝟎𝟎𝟎

÷ 𝟏𝟎𝟎𝟎



Ω

The symbol of ohmmeter:

Direct Measurement of Resistance

The resistance of a resistor can be directly

measured by an instrument called

"Ohmmeter", or a multi-meter functioning

as ohmmeter



Ω

R

Direct Measurement of Resistance

The Ohmmeter is connected in parallel

across the resistor in any order, because

the poles are identical.
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3 Apply ohm’s law

4 To draw the current-voltage characteristic of resistor



𝐕 = 𝐑 × 𝐈

V: Voltage across the terminals of the resistor (V)

I: Current across the terminals of the resistor (A).

R: Resistance of the resistor (Ω)

Statement of ohm’s law:

The electric current (I) flowing through a resistor is

proportional to the voltage (V) applied across its ends.

Ohm’s law 



Ohm’s law 



Application 1:

A resistor of resistance 𝐑 = 𝟔𝛀 is connected to a battery

delivers a voltage 𝑽 = 𝟏𝟐𝑽.

Determine the current in the circuit

𝐈 =
𝑽

𝑹

Ohm’s law 

𝐈 =
𝟏𝟐

𝟔
= 𝟐𝑨



Application 2:

A resistor of resistance 𝐑 is connected to a battery delivers a

voltage 𝑽 = 𝟐𝟒𝑽 and a current 𝑰 = 𝟔𝑨
Determine the resistance of the resistor

𝐑 =
𝑽

𝑰

Ohm’s law 

𝐑 =
𝟐𝟒

𝟔
= 𝟒𝛀



Application 3:

A resistor of resistance 𝐑 = 𝟖𝛀 is connected to a battery

delivers a voltage 𝑽 and a current 𝑰 = 𝟓𝑨
Determine the voltage V in the circuit

𝐕 = 𝐑 × 𝑰

Ohm’s law 

𝐕 = 𝟖 × 𝟓 = 𝟒𝟎𝑽



One of these circuits allows us to draw the characteristic

current-voltage of the resistor in order to verify Ohm's law

Verify Ohm's law experimentally 

A

V

𝐑
𝐁𝐀

𝐏 𝐍

𝐜𝐨𝐦

𝑹𝒉

−+

𝐜𝐨𝐦

+ −

A

V

𝐑

𝐁𝐀

𝐏 𝐍

𝐜𝐨𝐦

𝐜𝐨𝐦



When the switch is opened, the voltmeter

and the ammeter indicate zero.

After closing the switch:

• Adjust the cursor of the rheostat at a

resistance zero, the ammeter and the

voltmeter reads zero.

Verify Ohm's law experimentally 

A

V

𝐑
𝐁𝐀

𝐏 𝐍

𝐜𝐨𝐦

𝑹𝒉

−+

• Increase the resistance of the rheostat to a certain value

and record the new values of I and V.

• Repeat this step few times.



I(mA) 0 100 200 300 400

V(v) 0 10 20 30 40

Verify Ohm's law experimentally 

A

V

𝐑
𝐁𝐀

𝐏 𝐍

𝐜𝐨𝐦

𝑹𝒉

−+

The values of the current and the voltage are

recorded in the following table



• This graph is called the

characteristics current-voltage of

the resistor.

• The curve is a straight line

passing through the origin.

Verify Ohm's law experimentally 

I(mA) 0 100 200 300 400

V(v) 0 10 20 30 40

𝑰(𝒎𝑨)

𝟏𝟎𝟎 𝟐𝟎𝟎 𝟑𝟎𝟎 𝟒𝟎𝟎

𝟏𝟎

𝟐𝟎

𝟑𝟎

𝟒𝟎
𝐕(𝐯)

𝟎



The resistance (R) of the resistor is equal to the slope

of the straight line:

Verify Ohm's law experimentally 

𝑰(𝒎𝑨)

𝟏𝟎𝟎 𝟐𝟎𝟎 𝟑𝟎𝟎 𝟒𝟎𝟎

𝟏𝟎

𝟐𝟎

𝟑𝟎

𝟒𝟎
𝐕(𝐯)

𝟎

𝐬𝐥𝐨𝐩𝐞 = 𝐑 =
𝐔𝟐 − 𝐔𝟏
𝐈𝟐 − 𝐈𝟏

𝐬𝐥𝐨𝐩𝐞 = 𝐑 =
𝟒𝟎 − 𝟎

(𝟒𝟎𝟎 − 𝟎) × 𝟏𝟎−𝟑

𝐬𝐥𝐨𝐩𝐞 = 𝐑 = 𝟏𝟎𝟎𝛀



V(v) 0 1 2 3 4

I(mA) 0 2 4 6 8

Application 4:

A resistor of resistance R is connected across a DC power supply.

We connect a voltmeter and an Ammeter to measure the

voltage and the current.

The table below shows the voltage V and the current I across

the resistor.

Verify Ohm's law experimentally 



1. Draw a schematic diagram of the circuit showing all

components

2. Plot on the graph paper the characteristic current –

voltage using the scale:

𝒙 − 𝒂𝒙𝒊𝒔: 𝟏𝒄𝒎 → 𝟐𝒎𝑨
𝒚 − 𝒂𝒙𝒊𝒔: 𝟏𝒄𝒎 → 𝟏𝑽

3. Does the graph verify ohm’s law? Justify.

4. Find graphically, the current when the voltage 𝐕 = 𝟑. 𝟓𝐕.

5. Calculate R the resistance of the resistor. 

Verify Ohm's law experimentally 



1. Draw a schematic diagram of the circuit showing

all components. DC power supply

Verify Ohm's law experimentally 

A

V

𝐑
𝐁𝐀

𝐏 𝐍

𝐜𝐨𝐦

𝐜𝐨𝐦



2. Plot on the graph paper the characteristic current

– voltage using the scale: 𝒙 − 𝒂𝒙𝒊𝒔: 𝟏𝒄𝒎 → 𝟐𝒎𝑨
𝒚 − 𝒂𝒙𝒊𝒔: 𝟏𝒄𝒎 → 𝟏𝑽

V(v) 0 1 2 3 4

I(mA) 0 2 4 6 8

Verify Ohm's law experimentally 

𝑰(𝒎𝑨)

𝟐 𝟒 𝟔 𝟖

𝟏

𝟐

𝟑

𝟒
𝐕(𝐯)

𝟎



3. Does the graph verify ohm’s law? Justify

Verify Ohm's law experimentally 

4. Find graphically, the current when the voltage 𝐔 = 𝟑. 𝟓𝐕.

Ohm’s law was verified, because the graph is St. line passing

through origin.

From the graph:

For the voltage 𝐕 = 𝟑. 𝟓𝐕; the

current 𝐈 = 𝟕𝐦𝐀

𝑰(𝒎𝑨)

𝟐 𝟒 𝟔 𝟖

𝟏

𝟐

𝟑

𝟒
𝐕(𝐯)

𝟎



5. Calculate R the resistance of the resistor.

𝐬𝐥𝐨𝐩𝐞 = 𝐑 =
𝑽𝟐 − 𝑽𝟏
𝐈𝟐 − 𝐈𝟏

Verify Ohm's law experimentally 

𝐬𝐥𝐨𝐩𝐞 = 𝐑 =
𝟑𝑽 − 𝟐𝑽

(𝟔 − 𝟒) ÷ 𝟏𝟎𝟎𝟎

𝑹 = 𝟓𝟎𝟎𝜴
𝑰(𝒎𝑨)

𝟐 𝟒 𝟔 𝟖

𝟏

𝟐

𝟑

𝟒
𝐕(𝐯)

𝟎
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1 Determine resistance of a wire resistor

2 Determine the resistance of color-coding resistor



The resistance of a homogenous and cylindrical wire

resistor depends on three factors: its length, cross

sectional area and the nature of substance.

Resistance of a wire resistor 

The expression of resistance is:

𝑹 =
𝝆 × 𝑳

𝑺
𝑹: resistance of the wire resistor in ohm [Ω]

𝝆: resistivity of the substance in [Ω.m]

𝑳: is the length of the wire in [m]

𝑺 = 𝝅𝒓𝟐: cross-sectional area in [𝒎𝟐], where r is the radius.



Application 5:

A cylindrical copper conductor

has a diameter 𝑫 = 𝟏𝟎𝒄𝒎 and a

length 𝑳 = 𝟏𝟎𝑲𝒎.

The resistivity of copper is 𝟏. 𝟔
× 𝟏𝟎−𝟖𝛀.𝒎.

1)Determine the resistance of the

copper wire.

2)Determine the resistance of the

wire if its radius doubled.

Resistance of a wire resistor 



𝐃 = 𝟏𝟎𝒄𝒎; 𝑳 = 𝟏𝟎𝑲𝒎; 𝛒 = 𝟏. 𝟔 × 𝟏𝟎−𝟖𝛀.𝒎.

Resistance of a wire resistor 

𝑹 =
𝝆 × 𝑳

𝑺
=
𝟏. 𝟔 × 𝟏𝟎−𝟖 × (𝟏𝟎 × 𝟏𝟎𝟎𝟎)

𝟎. 𝟎𝟎𝟕𝟖𝟓

1)Determine the resistance of the copper wire.

The area of the wire is 𝐒 = 𝛑𝒓𝟐

𝐒 = 𝛑
𝑫

𝟐

𝟐

𝐒 = 𝟑. 𝟏𝟒
(𝟏𝟎 ÷ 𝟏𝟎𝟎)

𝟐

𝟐

𝐒 = 𝟎. 𝟎𝟎𝟕𝟖𝟓𝒎𝟐

𝑹 = 𝟎. 𝟎𝟐𝛀



𝐃 = 𝟏𝟎𝒄𝒎; 𝑳 = 𝟏𝟎𝑲𝒎; 𝛒 = 𝟏. 𝟔 × 𝟏𝟎−𝟖𝛀.𝒎.

Resistance of a wire resistor 

𝑹′ =
𝝆 × 𝑳

𝑺′

2) Determine the resistance of the wire if its radius is doubled.

𝒓′ = 𝟐𝒓 𝑺′ = 𝝅 𝒓′ 𝟐 𝑺′ = 𝝅 𝟐𝒓 𝟐 𝑺′ = 𝟒𝝅𝒓𝟐

𝑹′ =
𝝆 × 𝑳

𝟒𝝅𝒓𝟐
𝑹′ =

𝑹

𝟒
=
𝟎. 𝟎𝟐

𝟒

𝑹′ = 𝟎. 𝟎𝟎𝟓𝛀



Color Coding Resistor is

used in electronic circuits

(radios, televisions,

computers, ...).

Color Coding Resistor 

They are made of a thin layer of carbon powder covering an

insulating rod.

The resistance of a Color-Coding Resistor is indicated

according to international code



The Figure below, shows how to read color stripes

on carbon resistors for R in ohms.

Color Coding Resistor 



Application 6:

Calculate the resistance of the following color code resistor.

𝐑 =

Color Coding Resistor 

𝟐𝟕× 𝟏𝟎𝟎𝐤𝛀∓𝟓%

𝐑 = 𝟐𝟕 × 𝟏𝟎𝟓𝛀 ∓ 𝟓%
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3 Grouping of resistors in series

4 Grouping of resistors in parallel



When many resistors are connected in series, the

resistance of their equivalent resistor is:

𝑹𝒆𝒒 = 𝑹𝟏 + 𝑹𝟐 +⋯

𝐑𝟏

𝐏 𝐍

𝐑𝟐

+ −

𝐀 𝐁 𝐂
𝑽𝐏𝐍 = 𝑽𝑨𝑩 + 𝑽𝑩𝑪

𝐈 = 𝐈𝟏 = 𝐈𝟐

𝐕 = 𝐑 × 𝐈

Grouping of resistors/ Grouping in Series



Application 6:

Consider three resistors 𝐑𝟏 = 𝟏𝟎𝛀, 𝐑𝟐 = 𝟔𝛀 and 𝐑𝟑 = 𝟒𝛀
connected in series as shown in the figure.

𝐑𝟏

𝐏 𝐍

𝐑𝟐

+ −

𝐀 𝐁 𝐂

𝐑𝟑

𝐃

Grouping of resistors/ Grouping in Series

1. Calculate the equivalent resistance.

𝐑𝟏, 𝐑𝟐 and 𝐑𝟑 are connected in series:

𝐑𝐞𝐪 = 𝐑𝟏 + 𝐑𝟐 + 𝑹𝟑

𝑹𝒆𝒒 = 𝟏𝟎𝜴 + 𝟔𝜴 + 𝟒𝜴

𝑹𝒆𝒒 = 𝟐𝟎𝛀
𝐑𝐞𝐪

𝐏 𝐍+ −

𝐀 𝐃



Using ohm’s law:

Grouping of resistors/ Grouping in Series

2. Calculate the main current knowing that 𝑽𝐏𝐍 = 𝟏𝟐𝐕.

𝐑𝐞𝐪

𝐏 𝐍+ −

𝐀 𝐃

𝑽𝐏𝐍 = 𝐑𝐞𝐪 × 𝐈

𝐈 =
𝑽𝑷𝑵
𝑹𝒆𝒒

=
𝟏𝟐𝑽

𝟐𝟎𝜴

𝐈 = 𝟎. 𝟔𝐀



Application 7:

Consider an electric circuit contains: A dry cell of constant

voltage 𝑽𝐏𝐍 = 𝟏𝟐𝐕 and of main current I.

Two resistors; 𝑹𝟏 = 𝟏𝟎𝜴 and the voltage across it is 𝑽𝟏
= 𝟖. 𝟖𝑽 and 𝑹𝟐 as shown in the figure.

1.Determine the current I sent by dry cell.

2.Calculate the voltage 𝑽𝟐 across the

resistor 𝑹𝟐.

3.Deduce the resistance of 𝑹𝟐.

4.Calculate the equivalent resistance 𝐑𝐞𝐪.

𝐑𝟏

𝐏 𝐍

𝐑𝟐

+ −

𝐀 𝐁 𝐂

Grouping of resistors/ Grouping in Series



𝑽𝐏𝐍 = 𝟏𝟐𝐕; 𝐑𝟏 = 𝟏𝟎𝛀 ; 𝑽𝟏 = 𝟖. 𝟖𝐕.

1. Determine the current I sent by dry cell.

𝐑𝟏

𝐏 𝐍

𝐑𝟐

+ −

𝐀 𝐁 𝐂

Grouping of resistors/ Grouping in Series

𝐑𝟏 and 𝐑𝟐 are connected in series with the

battery then:

𝐈 = 𝐈𝟏 = 𝐈𝟐

But; 𝑽𝟏 = 𝐑𝟏 × 𝐈𝟏 𝟖. 𝟖𝐕 = 𝟏𝟎 × 𝐈𝟏

𝐈𝟏 =
𝟖. 𝟖

𝟏𝟎
= 𝟎. 𝟖𝟖𝐀 𝐈 = 𝐈𝟏 = 𝐈𝟐 = 𝟎. 𝟖𝟖𝐀



2.Calculate the voltage 𝐕𝟐 across the resistor 𝑹𝟐.

𝐑𝟏

𝐏 𝐍

𝐑𝟐

+ −

𝐀 𝐁 𝐂

𝑽𝐏𝐍 = 𝟏𝟐𝐕; 𝐑𝟏 = 𝟏𝟎𝛀 ; 𝑽𝟏 = 𝟖. 𝟖𝐕.

Grouping of resistors/ Grouping in Series

𝑹𝟏 and 𝑹𝟐 are connected in series, then we

use law of addition of voltage:

𝑽𝑷𝑵 = 𝑽𝑷𝑨 + 𝑽𝑨𝑩 + 𝑽𝑩𝑪 + 𝑽𝑪𝑵

𝟏𝟐 = 𝟎 + 𝟖. 𝟖 + 𝑽𝟐 + 𝟎

𝟏𝟐𝐕 − 𝟖. 𝟖𝐕 = 𝑽𝟐

𝑽𝟐 = 𝟑. 𝟐𝑽



3. Deduce the resistance of 𝑹𝟐.

𝐑𝟏

𝐏 𝐍

𝐑𝟐

+ −

𝐀 𝐁 𝐂

𝑽𝐏𝐍 = 𝟏𝟐𝐕; 𝐑𝟏 = 𝟏𝟎𝛀 ; 𝑽𝟏 = 𝟖. 𝟖𝐕.

Grouping of resistors/ Grouping in Series

𝑽𝟐 = 𝐑𝟐 × 𝐈𝟐 𝟑. 𝟐𝐕 = 𝑹𝟐 × 𝟎. 𝟖𝟖𝐀

𝑹𝟐 =
𝟑. 𝟐𝑽

𝟎. 𝟖𝟖𝑨
𝐑𝟐 = 𝟑. 𝟔𝟒𝛀

4. Calculate the equivalent resistance 𝐑𝐞𝐪.

𝑹𝟏 and 𝑹𝟐 are connected in series with the battery then:

𝐑𝐞𝐪 = 𝐑𝟏 + 𝐑𝟐 𝑹𝒆𝒒 = 𝟏𝟎𝜴 + 𝟑. 𝟔𝟒𝜴 𝑹𝒆𝒒 = 𝟏𝟑. 𝟔𝟒𝜴



𝟏

𝑹𝒆𝒒
=

𝟏

𝑹𝟏
+

𝟏

𝑹𝟐
+⋯

In case of only two resistors in parallel we

can also use:

𝐑𝐞𝐪 =
𝐑𝟏 × 𝐑𝟐

𝐑𝟏 + 𝐑𝟐

𝐑𝟏

𝐏 𝐍

𝐑𝟐

+ −

𝐀

𝑫𝑪

𝑩

𝐑𝐞𝐪

𝐏 𝐍+ −

𝑽𝐏𝐍 = 𝑽𝑨𝑩 = 𝑽𝑪𝑫 𝐈 = 𝐈𝟏 + 𝐈𝟐 𝐕 = 𝐑 × 𝐈

Grouping of resistors/ Grouping in parallel



Application 8:

Consider two resistors 𝐑𝟏 = 𝟓Ω and 𝐑𝟐 = 𝟏𝟎Ω are connected

across a battery as shown in the figure.

Calculate the resistance of their equivalent resistor.

𝐑𝟏

𝐏 𝐍

𝐑𝟐

+ −

𝐀

𝑫𝑪

𝑩

𝑹𝟏 and 𝑹𝟐 are connected in parallel then: 

Grouping of resistors/ Grouping in parallel

𝑹𝒆𝒒 =
𝑹𝟏 × 𝑹𝟐
𝑹𝟏 + 𝑹𝟐

=
𝟓 × 𝟏𝟎

𝟓 + 𝟏𝟎
=
𝟓𝟎

𝟏𝟓

𝑹𝒆𝒒 = 𝟑. 𝟑𝟑Ω



Application 9:

Consider two resistors 𝐑𝟏 = 𝟐𝟎Ω and 𝐑𝟐 are connected

across a generator as shown in the figure. Given 𝑽𝑪𝑫 = 𝟓𝑽.

The generator sends a current of 𝐈 = 𝟏𝐀.

Grouping of resistors/ Grouping in parallel

𝐑𝟏

𝐏 𝐍

𝐑𝟐

+ −

𝐀

𝐃𝐂

𝐁

𝐈

𝐈𝟐

𝐈𝟏

1)Determine the current passing

through each resistor.

2)Calculate the equivalent resistance

of the circuit.

3)Deduce the resistance 𝐑𝟐.



𝐑𝟏 = 𝟐𝟎Ω; 𝐑𝟐 =?; 𝑽𝑪𝑫 = 𝟓𝑽; 𝐈 = 𝟏𝐀.

Grouping of resistors/ Grouping in parallel

𝐑𝟏

𝐏 𝐍

𝐑𝟐

+ −

𝐀

𝐃𝐂

𝐁

𝐈

𝐈𝟐

𝐈𝟏

1)Determine the current passing through each resistor.

𝑽𝑷𝑵 = 𝑽𝑨𝑩 = 𝑽𝑪𝑫 = 𝟓𝑽
(law of uniqueness of voltage in parallel

𝑽𝑷𝑵 = 𝑹𝟏 × 𝑰𝟏

𝑰𝟏 =
𝑽𝑷𝑵
𝑹𝟏

=
𝟓

𝟐𝟎
= 𝟎. 𝟐𝟓𝑨

Using law of addition of current in parallel:

𝑰 = 𝑰𝟏 + 𝑰𝟐 𝑰𝟐 = 𝑰 − 𝑰𝟏 = 𝟏 − 𝟎. 𝟐𝟓 𝑰𝟐 = 𝟎. 𝟕𝟓𝑨



𝐑𝟏 = 𝟐𝟎Ω; 𝐑𝟐 =?; 𝑽𝑪𝑫 = 𝟓𝑽; 𝐈 = 𝟏𝐀.

Grouping of resistors/ Grouping in parallel

𝐑𝟏

𝐏 𝐍

𝐑𝟐

+ −

𝐀

𝐃𝐂

𝐁

𝐈

𝐈𝟐

𝐈𝟏

2)Calculate the equivalent resistance of the circuit.

Using ohm’s law for the equivalent circuit 

𝐕𝐏𝐍 = 𝐑𝐞𝐪 × 𝐈

𝐑𝐞𝐪 =
𝐕𝐏𝐍
𝑰

𝐑𝐞𝐪 =
𝟓

𝟏
= 𝟓𝛀



𝐑𝟏 = 𝟐𝟎Ω; 𝐑𝟐 =?; 𝑽𝑪𝑫 = 𝟓𝑽; 𝐈 = 𝟏𝐀.

Grouping of resistors/ Grouping in parallel

𝐑𝟏

𝐏 𝐍

𝐑𝟐

+ −

𝐀

𝐃𝐂

𝐁

𝐈

𝐈𝟐

𝐈𝟏

3)Deduce the resistance 𝐑𝟐.

𝟏

𝐑𝐞𝐪
=

𝟏

𝑹𝟏
+

𝟏

𝑹𝟐

𝟏

𝟓
=

𝟏

𝟐𝟎
+

𝟏

𝑹𝟐

𝟏

𝟓
−

𝟏

𝟐𝟎
=

𝟏

𝑹𝟐

𝟏

𝑹𝟐
=

𝟑

𝟐𝟎

𝑹𝟐
𝟏
=
𝟐𝟎

𝟑
𝑹 = 𝟔. 𝟔𝟔𝟕𝛀
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Unit One Electricity 



1 Determine the Power of resistor

2 Determine the Energy of resistor



• The electric power (P): is

the rate of doing work,

measured in Watts (W).

• The electric Power (P)

consumed by an electric

load (resistor, lamp,

motor…), is equal to the

product of voltage V

across it by the current I

it carries. 𝐏 = 𝐕 × 𝐈

Power and Energy



The expression of power of a resistor

𝐏 = 𝐕 × 𝐈

𝐏 = (𝐑 × 𝐈) × 𝐈
𝐏 = 𝐕 ×

𝑽

𝐑

𝐏 = 𝐑 × 𝐈𝟐 𝐏 =
𝑽𝟐

𝐑

Using ohm’s 

law: 𝐕 = 𝐑𝐈

Power and Energy



The electric energy (E) expressed in Joules (J), consumed

by a load when traversed by a current I, under a

potential difference V during a time t is given by:

𝐄 = 𝐏 × 𝐭

𝐄 = 𝐑 × 𝐈𝟐 × 𝐭 Called Joule’s law

Joule’s law:

The heat developed by a resistor is proportional to the

resistance R, the square of the current, and the time during

which the current is maintained.

Power and Energy



Joule’s effect: is the transformation (totally or partially)

of electric energy into thermal energy (heat).

Joule’s effect: represents

the loss of energy

(dissipated energy).

In a resistor the electric

energy is completely

transformed into thermal

energy by joule’s effect.

Power and Energy
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