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Chapter 5

Current and Resistance

phys 103سجى القصير. أ جامعة الامام محمد بن سعود الإسلامية

برنامج موهبة جامعة الامام محمد بن سعود الإسلامية

1- Electric Current

phys 103سجى القصير. أ جامعة الامام محمد بن سعود الإسلامية

The electric current I in a conductor is defined as

where dQ is the charge that passes through a cross-section of the

conductor in a time dt.

The SI unit of current is the ampere (A), where 1A=1C/s.

dt

dQ
I 
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برنامج موهبة جامعة الامام محمد بن سعود الإسلامية

2- Sign Convention for Electric Current

phys 103سجى القصير. أ جامعة الامام محمد بن سعود الإسلامية

The direction of current flow is opposite to the direction of

electron flow.

-

-

AA
-

-

-

I

-
Negative charges (electrons)

 

Figure. A wire of cross-sectional area A

برنامج موهبة جامعة الامام محمد بن سعود الإسلامية

2- Sign Convention for Electric Current

phys 103سجى القصير. أ جامعة الامام محمد بن سعود الإسلامية

Positive current flows from the positive terminal through the

conductors and device (load) back to the negative terminal.
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3- Current and Drift Speed

phys 103سجى القصير. أ جامعة الامام محمد بن سعود الإسلامية

Consider the current on a conductor of cross-sectional area A.

• Volume of an element of length Dx is : DV = A Dx.
• Let n be the number of carriers per unit of volume.

• The total number of carriers in DV is:  n A Dx.
• The charge in this volume is: DQ = (n A Dx)q.

• Distance traveled at drift speed vd by carrier in time Dt: 

Dx = vd Dt.
• Hence: DQ = (n A vd Dt)q.
• The current through the conductor: 

I = DQ/ Dt = n A vd q

A
vdq

vdDt

برنامج موهبة جامعة الامام محمد بن سعود الإسلامية

3- Current and Drift Speed

phys 103سجى القصير. أ جامعة الامام محمد بن سعود الإسلامية

Question:

A copper wire of cross-sectional area 3.00x10-6 m2 carries a

current of 10. A. Assuming that each copper atom contributes one

free electron to the metal, find the drift speed of the electron in this

wire. The density of copper is 8.95 g/cm3.
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4 Resistance and Ohm’s Law 

phys 103سجى القصير. أ جامعة الامام محمد بن سعود الإسلامية

When a voltage (potential difference) is applied across the ends of a metallic

conductor, the current is found to be proportional to the applied voltage.

In situations where the proportionality is exact, one can write.

•The proportionality constant R is called resistance of the conductor.

•The resistance is defined as the ratio.

DV

I

برنامج موهبة جامعة الامام محمد بن سعود الإسلامية

4 Resistance

phys 103سجى القصير. أ جامعة الامام محمد بن سعود الإسلامية

In SI, resistance is expressed in volts per ampere.

A special name is given: ohms (Ω).

Example: 

If a potential difference of 10 V applied across a conductor 

produces a 0.2 A current, the conductors resistance is?
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4 Resistance

phys 103سجى القصير. أ جامعة الامام محمد بن سعود الإسلامية

Consider a conductor of cross-sectional area A carrying a current I. The 

current density J in the conductor is defined as the current per unit area. 

Because the current I = nq𝑣𝑑A, 

the current density is   𝐽 ≡
𝐼

𝐴
= 𝑛𝑞𝑣𝑑

where J has SI units of A/m2. This expression is valid only if the current 

density is uniform and only if the surface of cross-sectional area A is 

perpendicular to the direction of the current. In general, current density is 

a vector quantity:

Ԧ𝐽 = 𝑛𝑞 Ԧ𝑣𝑑

A current density J and an electric field E are established in a conductor 

whenever a potential difference is maintained across the conductor. 

برنامج موهبة جامعة الامام محمد بن سعود الإسلامية

4 Resistance

phys 103سجى القصير. أ جامعة الامام محمد بن سعود الإسلامية

In some materials, the current density is proportional to the electric field:

Ԧ𝐽 = 𝜎𝐸
where the constant of proportionality 𝜎 is called the conductivity of the 

conductor. 

A potential difference ∆V =Vb - Va is maintained across the wire, creating in 

the wire an electric field and a current. If the field is assumed to be uniform, 

the potential difference is related to the field through the relationship  

∆𝑉 = 𝐸𝑙
Therefore, we can express the magnitude of the current density in the wire as

𝐽 = 𝜎𝐸 = 𝜎
∆𝑉

𝑙

Because J = I/A, we can write the potential difference as

∆𝑉 =
𝑙

𝜎
𝐽 =

𝑙

𝜎𝐴
𝐼 = 𝑅𝐼

The inverse of conductivity is resistivity 𝜌 :

𝜌 =
1

𝜎
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4 -Resistance

phys 103سجى القصير. أ جامعة الامام محمد بن سعود الإسلامية

The resistance of an ohmic conductor is proportional to the its length, l, and 

inversely proportional to the cross section area, A, of the conductor.

The constant of proportionality r is called the resistivity of the material. 

: المقاومة النوعية لمادة Resistivity 

Resistivity – Units

Resistance expressed in Ohms, 

Length in meter.

Area are m2, 

Resistivity thus has units of Ωm.

برنامج موهبة جامعة الامام محمد بن سعود الإسلامية

5- Resistivity 

phys 103سجى القصير. أ جامعة الامام محمد بن سعود الإسلامية
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5- Resistivity - Example

phys 103سجى القصير. أ جامعة الامام محمد بن سعود الإسلامية

برنامج موهبة جامعة الامام محمد بن سعود الإسلامية

Power

phys 103سجى القصير. أ جامعة الامام محمد بن سعود الإسلامية

Compute rate of energy loss (power dissipated on the resistor)

Use Ohm’s law

Units of power:     SI:      watt 
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Power

phys 103سجى القصير. أ جامعة الامام محمد بن سعود الإسلامية

A high-voltage transmission line with resistance of 0.31 Ω /km 

carries 1000A , starting at 700 kV, for a distance of 160 km. What 

is the power loss due to resistance in the wire?

برنامج موهبة جامعة الامام محمد بن سعود الإسلامية

Resistors in Series 

phys 103سجى القصير. أ جامعة الامام محمد بن سعود الإسلامية

 The current is the same in all resistors because any charge that flows
through 𝑅1flows through 𝑅2 .

𝐼 = 𝐼1 = 𝐼2
 The sum of the potential differences across the resistors is equal to

the total potential difference across the combination.
∆𝑉 = ∆𝑉1 + ∆𝑉2

∆𝑉 = 𝐼𝑅 = 𝐼1𝑅1 + 𝐼2𝑅2 = 𝐼 𝑅1 + 𝑅2

𝑅𝑒𝑞 = 𝑅1 + 𝑅2
If there are more than two resistors:

𝑅𝑒𝑞 = 𝑅1 + 𝑅2 + 𝑅3 +⋯

The equivalent resistance of a series combination of resistors is the algebraic sum of 

the individual resistances and is always greater than any of the individual resistors.
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Resistors in Parallel

phys 103سجى القصير. أ جامعة الامام محمد بن سعود الإسلامية

 A junction is any point in a circuit where a current can split.
𝐼 = 𝐼1 + 𝐼2

 The potential difference across each resistor is the same because 
each is connected directly across the battery terminals.

∆𝑉 = ∆𝑉1 = ∆𝑉2

𝐼 =
𝑉

𝑅
=
𝑉1
𝑅1

+
𝑉2
𝑅2

= 𝑉
1

𝑅1
+

1

𝑅2
1

𝑅𝑒𝑞
=

1

𝑅1
+

1

𝑅2

𝑅𝑒𝑞 =
1

𝑅1
+

1

𝑅2

−1

The equivalent resistance of a parallel combination of resistors is 

always less than any of the individual resistors

برنامج موهبة جامعة الامام محمد بن سعود الإسلامية

Resistors

phys 103سجى القصير. أ جامعة الامام محمد بن سعود الإسلامية

a. Find the equivalent resistor.

b. Find the current in each resistor 

,total current ( I )

c. Calculate the power delivered to 

each resistor and the total power 

delivered to the combination of 

resistors.
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Resistors

phys 103سجى القصير. أ جامعة الامام محمد بن سعود الإسلامية
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Resistors

phys 103سجى القصير. أ جامعة الامام محمد بن سعود الإسلامية

A. Find the equivalent resistance between points a and c.

B. What is the current in each resistor if a potential difference of 42V is 

maintained between a and c ?
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Resistors

phys 103سجى القصير. أ جامعة الامام محمد بن سعود الإسلامية

𝐼 =
∆𝑉

𝑅𝑒𝑞
=
42

14
= 3 𝐴


