
Ch.26: Current and Resistance

Physics 104: Electricity and Magnetism

Dr. Abdulaziz Alqasem

Physics and Astronomy Department

King Saud University

2026

Ref.: Serway, R. A., & Jewett, J. W. (2018). Physics for Scientists and Engineers (10th ed.) Version 1



Outline

1. Electric Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ⁠6

2. Resistance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ⁠12

3. Resistance and Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ⁠23

4. Electrical Power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ⁠26

5. Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ⁠34

Dr. Abdulaziz Alqasem Ch.26: Current and Resistance 2 / 56



Remember From Previous Chapters

Classical Mechanics

• Equations of motion:

⃗𝒗𝑓 = ⃗𝒗𝑖 + 𝒂⃗𝑡

⃗𝒓𝑓 = ⃗𝒓𝑖 + ⃗𝒗𝑖𝑡 + 1
2
𝒂⃗𝑡2

⃗𝒗2
𝑓 = ⃗𝒗2

𝑖 + 2𝒂⃗ ⋅ ( ⃗𝒓𝑓 − ⃗𝒓𝑖)

• Newton’s Second Law:

∑ ⃗𝑭 = 𝑚𝒂⃗

• Work-Energy Theorem:

𝑊 = Δ𝐾

𝑊 = ⃗𝑭 ⋅ ⃗𝒅

𝐾 = 1
2
𝑚 ⃗𝒗2

Electric Field

• Coulomb’s Law:

⃗𝑭𝑒 = 𝑘𝑒
𝑞1𝑞2
𝑟2 𝒓

• Electric Field:

𝑬⃗ =
⃗𝑭𝑒

𝑞0
= 𝑘𝑒

𝑞
𝑟2 𝒓

𝒂⃗ = ( 𝑞
𝑚

)𝑬⃗

Flux

• Gauss’s Law:

Φ𝐸 = ∮ 𝑬⃗ ⋅ ⃗𝑨 = 𝑞in
𝜀0



Remember From Previous Chapters

Electric Potential

and Energy

• Electric Potential:

𝑉 = 𝑘𝑒
𝑞
𝑟

• Potential Energy:

𝑈𝐸 = 𝑘𝑒
𝑞1𝑞2

𝑟

• Relation to Electric

Field:

Δ𝑉 = −𝑬⃗ ⋅ ⃗𝒅

• Potential and Energy:

Δ𝑈𝐸 = 𝑞Δ𝑉

Capacitance and

Dielectrics

• Capacitance:

𝐶 = 𝑄
Δ𝑉

= 𝜀0𝐴
𝑑

• Capacitors in Parallel:

𝐶eq = ∑ 𝐶𝑖

• Capacitors in Series:

1
𝐶eq

= ∑( 1
𝐶𝑖

)

• Energy Stored

in Capacitor:

𝑈𝐸 = 𝑄2

2𝐶
= 1

2
𝑄Δ𝑉

= 1
2
𝐶(Δ𝑉 )2



Remember From Previous Chapters

• Energy Density of

Electric Field:

𝑢𝐸 = 𝑈𝐸
𝑉

= 1
2
𝜀0𝐸2

• Dielectric Constant:

Δ𝑉 = Δ𝑉0/𝜅

𝐶 = 𝜅𝐶0

𝑄 = 𝜅𝑄0

𝑈𝐸 = 𝑈0/𝜅



1. Electric Current

2. Resistance

3. Resistance and Temperature

4. Electrical Power

5. Problems



1.1 Definition of electric Current

Electric current is the flow rate of

electric charge. The average current is:

𝐼avg = Δ𝑄
Δ𝑡

The larger the flow of charges, the larger 

the current.
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1.1 Definition of electric Current

The instantaneous current 𝐼  is the limit 

as Δ𝑡 → 0 of the average current,

𝐼 = d𝑄
d𝑡

• The SI unit of current is the ampere 

(A), which is defined as one coulomb 

per second (C/s).

• A current of 1 ampere means that 1 

coulomb of charge is flowing through 

a surface every second.

• The direction of current is defined as 

the direction of positive charge flow.
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1.2 Microscopic Model of current

When number of charges 𝑞 per unit vol

ume (𝑛) move with an average drift ve

locity 𝑣𝑑 through a cross-sectional area 

𝐴, the amount of charge Δ𝑄 that passes 

through the area in a time interval Δ𝑡 
can be expressed as:

Δ𝑄 = (𝑛𝐴𝑣𝑑Δ𝑡)𝑞.

Since 𝐼avg = (Δ𝑄)/(Δ𝑡), the current 

can be expressed as:

𝐼avg = 𝑛𝐴𝑣𝑑𝑞
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1.2 Microscopic Model of current

Example 1.1

The 12-gauge copper wire in a typical residential building has a cross-sectional 
area of 3.31 × 10−6m2. It carries a constant current of 10 A.

What is the drift speed of the electrons in the wire?

Assume each copper atom contributes one free electron to the current. The 
density of copper is 𝜌 = 8.92 g/cm3 and its molar mass is 𝑀 = 63.5 g/mol−1. 
(Use 𝑁𝐴 = 6.02 × 1023mol−1 for Avogadro’s number.)
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1.2 Microscopic Model of current

Solution 1.1

𝑣𝑑 = 𝐼
𝑛𝐴𝑞

𝑛 is the number of free electrons per unit volume,

𝑛 = 𝑁𝐴
𝑉

= 𝑁𝐴𝜌
𝑀

Therefore,

𝑣𝑑 = 𝐼𝑀
𝑁𝐴𝜌𝐴𝑞

Substituting the given values in SI units,

𝑣𝑑 = 2.23 × 10−4 m/s
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2.1 Have you seen this part before?

V
o

lt
ag

e

Current

Water 

tank

Top of 

water

Tap 

reduces 

flow

This is a resistor. A resistor is a device that resists the flow of electric current.
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2.2 Ohm’s Relation

The Current density 𝐽  is defined

as the current per unit area,

𝐽 = 𝐼
𝐴

= 𝑛𝑞𝑣𝑑

Ohm’s relation states the following:

“For many materials (including most metals), 

the ratio of the current density to the electric 

field is a constant 𝜎 that is independent of the 

electric field producing the current.”

𝜎 = 𝐽
𝐸

𝜎 is called the conductivity of the material.

𝜌 = 1
𝜎

𝜌 is called the resistivity of the material.
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2.2 Ohm’s Relation

When an electric potential difference 

Δ𝑉  is applied across a wire of length ℓ 

and cross-sectional area 𝐴, the electric 

field in the wire is approximately uni

form such that

Δ𝑉 = 𝐸ℓ = (𝐽
𝜎

)ℓ = (𝜌ℓ
𝐴

)𝐼

Therefore, the current 𝐼  and the poten

tial difference Δ𝑉  are proportional to 

each other, and the constant of propor

tionality is

𝑅 = 𝜌 ℓ
𝐴
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2.2 Ohm’s Relation

𝑅 is called the resistance of the conduc

tor and has SI unit of ohms (Ω).

1 Ω = 1 V/A

Notice that 𝜌 has a unit of (Ω.m).

Therefore, Ohm’s relation becomes,

Δ𝑉 = 𝐼𝑅

Ohmic materials

Non-ohmic materials
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2.2 Ohm’s Relation
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2.2 Ohm’s Relation

𝑅 = (Color1 Color2) × Color3 ± Color4 Ω
𝑅 = 47 × 1 ± 5% Ω

Dr. Abdulaziz Alqasem Ch.26: Current and Resistance 18 / 56



2.3 Example

Example 2.2

The radius of 22-gauge Nichrome wire is 0.32 mm.

(A) Calculate the resistance per unit length of this wire. (𝜌 = 1 × 10−6 Ω.m)

Solution 2.2

𝑅
ℓ

= 𝜌
𝐴

= 𝜌
𝜋𝑟2 = 1 × 10−6

𝜋(0.32 × 10−3)2 = 3.1 Ω/m
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2.3 Example

Example 2.3

(B) If a potential difference of 10 V is maintained across a 1 m length of the 
Nichrome wire, what is the current in the wire?

Solution 2.3

𝐼 = Δ𝑉
𝑅

= Δ𝑉
(𝑅/ℓ)ℓ

= 10 V
(3.1 Ω/m)1 m

= 3.2 A
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2.3 Example

Example 2.4

A coaxial cable consists of two concentric cylin
drical conductors. The region between the con
ductors is completely filled with polyethylene 
plastic to prevent leakage through the plastic. 
The radius of the inner conductor is 𝑎 = 0.5cm, 
the radius of the outer conductor is 𝑏 = 1.75cm, 
and the length is 𝐿 = 15cm. The resistivity of 
the plastic is 1013 Ω.m. Calculate the radial resis
tance of the plastic between the two conductors.
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2.3 Example

Solution 2.4

d𝑅 = 𝜌
𝐴

d𝑟 = 𝜌
2𝜋𝑟𝐿

d𝑟

𝑅 = 𝜌
2𝜋𝐿

∫
𝑏

𝑎

1
𝑟

d𝑟 = 𝜌
2𝜋𝐿

ln(𝑏
𝑎
)

𝑅 = 1013

2𝜋(0.15)
ln(1.75

0.5
) = 1.33 × 1013 Ω
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3.1 Temperature Coefficient of Resistivity

• The resistivity 𝜌 of a material generally changes with 

temperature 𝑇  as:

𝜌 = 𝜌0[1 + 𝛼(𝑇 − 𝑇0)]

where 𝜌0 is the resistivity at a reference temperature 𝑇0, 

and 𝛼 is the temperature coefficient of resistivity.

• Since the resistance 𝑅 is proportional to the resistivity 

𝜌, the resistance also changes with temperature as:

𝑅 = 𝑅0[1 + 𝛼(𝑇 − 𝑇0)]
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3.1 Temperature Coefficient of Resistivity

• From the above equations, we can express 𝛼 as:

𝛼 = 𝜌 − 𝜌0
𝜌0(𝑇 − 𝑇0)

= 𝑅 − 𝑅0
𝑅0(𝑇 − 𝑇0)

• The unit of 𝛼 is typically the inverse of degrees Celsius 

(C−1).

• The temperature coefficient 𝛼 is normally positive, but 

can be negative for some materials (such as semicon

ductors).

Dr. Abdulaziz Alqasem Ch.26: Current and Resistance 25 / 56



1. Electric Current

2. Resistance

3. Resistance and Temperature

4. Electrical Power

5. Problems



4.1 Electrical Power

• The electric power 𝑃  delivered by a power source 

in a circuit is the rate at which energy is transferred 

to electric parts, such as resistors,

𝑃 = d𝑈𝐸
d𝑡

= d
d𝑡

(𝑄Δ𝑉 ) = d𝑄
d𝑡

Δ𝑉

𝑃 = 𝐼Δ𝑉
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4.2 Power on a Resistor

• The power consumed by a resistor (𝑅 = Δ𝑉 /𝐼) is 

converted into thermal energy and other forms of 

energy, and can be calculated as:

𝑃 = 𝐼2𝑅 = (Δ𝑉 )2

𝑅

• The electric energy consumed by a resistor over a 

time interval Δ𝑡 can be calculated as:

Energy = 𝑃Δ𝑡
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4.3 Example

Example 4.5

An electric heater is constructed by applying a potential difference of 120 V 
across a Nichrome wire that has a total resistance of 8Ω. Find the current carried 
by the wire and the power rating of the heater.

Solution 4.5

𝐼 = Δ𝑉
𝑅

= 120 V
8Ω

= 15 A

𝑃 = 𝐼Δ𝑉 = (15 A)(120 V) = 1800 W
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4.3 Example

Example 4.6

An immersion heater must increase the temperature of 1.5 kg of water from 
10°C to 50°C in 10 min while operating at 110 V.
(A) What is the required resistance of the heater?
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4.3 Example

Solution 4.6

The energy required to heat the water is:
𝐻 = 𝑚𝑐Δ𝑇 ,

where 𝑚 is the mass, 𝑐 is the specific heat capacity, and Δ𝑇  is the change in 
temperature. Therefore, the power the resister has to provide is:

𝑃 = (Δ𝑉 )2

𝑅
= 𝐻

Δ𝑡
Solving for 𝑅 gives:

𝑅 = (Δ𝑉 )2Δ𝑡
𝑚𝑐Δ𝑇

= (110 V)2(600 s)
(1.5 kg)(4184 J/kg.C)(40 C)

= 28.9 Ω
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4.3 Example

(B) Estimate the cost of heating the water.

Solution 4.6

Energy = 𝑃Δ𝑡 = (Δ𝑉 )2

𝑅
Δ𝑡 = (110 V)2

28.9 Ω
(10 min)( 1 h

60 min
) = 0.07 kWh

Cost = Energy × Cost/kWh = (0.07 kWh)(0.18 ريال

kWh
) = 0.013 ريال
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Suggested Problems

4, 6, 10, 13, 17, 18, 23, 28, 30, 35

Book: Serway, R. A., & Jewett, J. W. (2018). Physics for Scientists and Engineers (10th 

ed.)
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5.1 Electric Current

Problem 5.1
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5.1 Electric Current

Answer 5.1

(A) The drift speed of the electrons can be calculated using the formula:

𝑣𝑑 = 𝐼
𝑛𝐴𝑞

Where the area of the wire is 𝐴 = 𝜋𝑟2. The number of free electrons per unit 
volume (similar to example 1):

𝑛 = 𝑁𝐴𝜌
𝑀

=
6.02 × 1023mol−1(8.92 g/cm3)

63.5 g/mol−1 = 8.46 × 1028m−3

Therefore, the drift speed is:

𝑣𝑑 = 3.7 C/s
(8.46 × 1028m−3)(𝜋(1.25 × 10−3)2)(1.6 × 10−19 C)

= 5.6 × 10−5 m/s
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5.1 Electric Current

(B) The drift speed of the electrons is inversely proportional to the number of 
free electrons per unit volume. Therefore, the more free electrons in a conductor, 
the slower they move on average.
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5.1 Electric Current

Problem 5.2
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5.1 Electric Current

Answer 5.2

(A)

𝐽 = 𝐼
𝐴

= 5 A
𝜋(4 × 10−3)2 = 99.5 kA/m2

(B) The current (𝐼) does not change with the radius of the wire.
(C) The current density (𝐽 ) decreases as the radius increases.
(D)

𝐴2 = 4𝐴1 ⇒ 𝜋𝑟2
2 = 4𝜋𝑟2

1 ⇒ 𝑟2 = 2𝑟1 = 8 mm

(E) 𝐼 = 5 A everywhere in the wire.
(F) 𝐽2 = 𝐽1/4 because 𝐽  is inversely proportional to the area.
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5.2 Resistance

Problem 5.3
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5.2 Resistance

Answer 5.3

We can identify the metal by calculating the resistivity 𝜌 using the formula:

𝜌 = 𝑅𝐴
ℓ

using (𝐴 = 𝜋𝑟2 = 𝜋(𝑑/2)2 = 𝜋𝑑2/4) and (𝑅 = Δ𝑉 /𝐼), we get:

𝜌 = Δ𝑉
𝐼

𝜋𝑑2/4
ℓ

= 1.59 × 10−8 Ω.m
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5.2 Resistance

Problem 5.4
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5.2 Resistance

Answer 5.4

(A) 𝑅 = 𝜌ℓ
𝐴

⟹ ℓ = 𝑅𝐴
𝜌

Since 𝑅 is given and 𝜌 is known for the copper material, we only need to find 
the area 𝐴 of the wire. From the volume of the wire, we can find the area as 
𝑉 = 𝐴ℓ, so 𝐴 = 𝑉 /ℓ. The volume can be calculated from the mass 𝑀  (which 
is given) and density 𝜌𝑀  (constant for copper) as 𝑉 = 𝑀/𝜌𝑀 . Therefore, the 
length of the wire is:

ℓ = 𝑅(𝑉 /ℓ)
𝜌

= 𝑅(𝑀/𝜌𝑀)
ℓ 𝜌

⟹ ℓ = √𝑅𝑀
𝜌𝜌𝑀

= √ (10−3  Kg)(0.5 Ω)
(1.7 × 10−8 Ω.m)(8.92 × 103 Kg/m3)

= 1.82 m
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5.2 Resistance

(B) From Part (A) we found that the area can be calculated as

𝐴 = 𝑉
ℓ

= 𝑀/𝜌𝑀
ℓ

Also, we know that 𝐴 = 𝜋𝑟2, therefore,

𝐴 = 𝑀
ℓ 𝜌𝑀

= 𝜋𝑟2

⟹ 𝑟 = √ 𝑀
𝜋 ℓ 𝜌𝑀

= 1.4 × 10−4 m

Finally, the diameter of the wire is:

⟹ 𝐷 = 2𝑟 = 2.8 × 10−4 m
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5.3 Resistance and Temperature

Problem 5.5
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5.3 Resistance and Temperature

Answer 5.5

The resistance at 𝑇  can be calculated using the formula:

𝑅 = 𝑅0[1 + 𝛼(𝑇 − 𝑇0)] = 𝑅0 + 𝑅0𝛼(𝑇 − 𝑇0)

The fractional change in resistance is:
𝑅 − 𝑅0

𝑅0
= 𝛼(𝑇 − 𝑇0) = (5 × 10−3C−1)(50 C − 25 C) = 0.12

The value of 𝛼 for iron is taken from the table of temperature coefficients for 
different materials (see your book).
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5.3 Resistance and Temperature

Problem 5.6
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5.3 Resistance and Temperature

Answer 5.6

𝑅 = 𝑅0[1 + 𝛼(𝑇 − 𝑇0)] = 𝑅0 + 𝑅0𝛼(𝑇 − 𝑇0)

𝑇 − 𝑇0 = 𝑅 − 𝑅0
𝑅0𝛼

𝑇 = 𝑅 − 𝑅0
𝑅0𝛼

+ 𝑇0

𝑇 = 1.44 × 103 °C
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5.4 Electrical Power

Problem 5.7
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5.4 Electrical Power

Answer 5.7

(a)

𝑃 = Δ𝑉  𝐼 = 3 × 108 W

(b)

𝐼 = 𝑃
𝐴

= 𝑃
𝜋𝑟2

𝑃 = 𝐼(𝜋𝑟2) = (1370 W/m2)[𝜋(6.37 × 106 m)2] = 1.75 × 1017 W
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5.4 Electrical Power

Problem 5.8
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5.4 Electrical Power

Answer 5.8

(A)
𝑅 = 𝜌ℓ

𝐴
= 𝜌ℓ

𝜋(𝑑
2)2 = 5.2 × 10−3 Ω

𝑃 = 𝐼Δ𝑉 = 𝐼2𝑅 = (20 A)2(5.2 × 10−3 Ω) = 2.1 W

(B) Similar to Part (A), we can calculate the power for aluminum, and we get:
𝑃 = 3.42 W

(C) Copper is safer to use than aluminum because it has a lower resistivity, which 
means it will dissipate less power (and thus generate less heat) for the same 
current.
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5.4 Electrical Power

Problem 5.9
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5.4 Electrical Power

Answer 5.9

For the 11W bulb, the current can be calculated as:

Energy = 𝑃Δ𝑡 = 3.96 × 106  J
The cost of energy can be calculated as:

Cost = Energy × Cost/kWh = (3.96 × 106 J)( $0.11
3.6 × 106 J

) = $0.121

Repeating the calculation for the 40 W bulb, we get the cost to be $ 0.44.
Therefore, the savings from using the 11 W bulb instead of the 40 W bulb is:

Savings = $0.44 − $0.121 = $0.32
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5.4 Electrical Power

Problem 5.10
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5.4 Electrical Power

Answer 5.10

The power consumed by the wire is:

𝑃 = 𝐼2𝑅 = 𝐼2(𝑅
ℓ

)ℓ = (1000 A)2(0.5 Ω
1 mi

)(100 mi) = 50 MW
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