tutorials in introductory physics solutions
electric potential difference

Understanding Electric Potential Difference

Tutorials in introductory physics solutions electric potential difference provide essential
insights into one of the fundamental concepts of electricity. Electric potential difference, commonly
referred to as voltage, is a measure of the work done per unit charge in moving a charge between
two points in an electric field. This article aims to elucidate the concept of electric potential
difference, its mathematical formulation, practical applications, and common problems encountered
in introductory physics courses.

What is Electric Potential Difference?

Electric potential difference is defined as the difference in electric potential between two points in
an electric field. It quantifies how much work is needed to move a unit charge from one point to
another against the electric field. The unit of electric potential difference is the volt (V), which is
equivalent to one joule per coulomb (J/C).

Mathematical Representation

The electric potential difference \( V'\) between two points \( A \) and \( B \) can be expressed
mathematically as:

\[

V=V B-V A=\frac{W}{q}
\]

where:

-\(V_B)) is the electric potential at point B,

-\(V_A)) is the electric potential at point A,

-\( W) is the work done in moving the charge,
\( g ) is the charge being moved.

This equation indicates that the potential difference depends on the work done to move the charge
against the electric field.

Electric Field Relationship

The relationship between electric field \( E \) and electric potential difference can be described by



the equation:

\[

V = -\int A*B \vec{E} \cdot d\vec{l}

\]

In this equation:

-\(\vec{E} ) is the electric field vector,

-\(d\vec{l} ) is the differential displacement vector along the path from point A to point B.

The negative sign indicates that the electric potential decreases in the direction of the electric field.

Applications of Electric Potential Difference

Understanding electric potential difference is crucial in various fields of science and engineering.
Some notable applications include:

¢ Circuit Analysis: Voltage is a primary parameter in analyzing electrical circuits, influencing
how components such as resistors and capacitors behave.

e Power Generation: Electric potential difference plays a vital role in power systems, where it
dictates how energy is transferred and utilized.

¢ Electronics: Understanding voltage helps in designing and troubleshooting electronic
devices.

¢ Electrostatics: The concept is fundamental in understanding how charged objects interact
and influence one another.

Common Problems in Introductory Physics

When studying electric potential difference, students often encounter a variety of problems that help
solidify their understanding of the concept. Here are some common types of problems and their
solutions.

1. Calculating Voltage in Simple Circuits

Problem: In a circuit with a 12V battery and a resistor of 4 ohms, calculate the voltage across the
resistor.

Solution:
Using Ohm's Law \( V = I'\times R \), where \( I\) is the current and \( R ) is the resistance.



First, determine the current using the battery voltage:

\[
[ =\frac{V}{R} = \frac{12V}{4\Omega} = 3A
\]

Now, calculate the voltage across the resistor:

\[
V_R =TI\times R = 3A \times 4\Omega = 12V

\]

Thus, the voltage across the resistor is 12V.

2. Finding Work Done in Moving a Charge

Problem: Calculate the work done in moving a charge of \( 2 \, \mu C\) from a point at 5V to a point
at 15V.

Solution:
Using the formula for electric potential difference, the work done can be calculated as follows:

\[
V=V B-VA=15V-5V=10V
\]

Now, using the formula for work:

\[
W =V \times g = 10V \times 2 \times 10~ {-6}C = 20\, \mu ]

\]

Therefore, the work done is \( 20\, \mu J \).

3. Voltage in a Parallel Circuit

Problem: In a parallel circuit, two resistors R1 and R2 of values 6 ohms and 3 ohms respectively are
connected across a 12V battery. Determine the voltage across each resistor.

Solution:
In a parallel circuit, the voltage across all components is the same. Therefore, the voltage across
each resistor is equal to the battery voltage.

\[
V {R1} =V {R2} = 12V
\]

Both resistors have a voltage of 12V across them.



4. Electric Potential Due to Point Charges

Problem: Calculate the electric potential at a point 2 meters away from a point charge of \( 5\, \mu C
\).

Solution:
The electric potential \( V'\) due to a point charge \( Q) is given by the formula:

\[
V = \frac{k \cdot Q} {r}
\]

where \( k'\) (Coulomb's constant) is approximately \( 8.99 \times 1079\, N \cdot m"~2/C”~2\) and \(r
\) is the distance from the charge.

Substituting in the values:

\[

V = \frac{(8.99 \times 1079) \cdot (5 \times 10"~ {-6})}{2} = \frac{44.95 \times 10"3}{2} = 22.475
\times 1073\, V=22.475\, kV

\]

Thus, the electric potential at a distance of 2 meters from the charge is approximately \( 22.475\, kV
\).

Conclusion

Electric potential difference is a cornerstone of electrical physics, playing a vital role in
understanding and analyzing electric circuits, fields, and systems. Through tutorials and practice
problems, students can deepen their comprehension of voltage, its calculations, and its significance
in various applications. Mastering the principles surrounding electric potential difference not only
enhances problem-solving skills but also lays a foundation for advanced studies in physics and
engineering.

Frequently Asked Questions

What is electric potential difference and how is it calculated in
introductory physics?

Electric potential difference, also known as voltage, is the work done per unit charge in moving a
charge between two points in an electric field. It is calculated using the formula V = W/Q, where V is
the potential difference, W is the work done, and Q is the charge.

How do you solve problems involving electric potential



difference across a capacitor?

To solve problems involving a capacitor, use the formula V = Q/C, where V is the potential
difference, Q is the charge stored, and C is the capacitance. Ensure to identify the values for charge
and capacitance before substituting them into the formula.

What are the common misconceptions students have about
electric potential difference?

Common misconceptions include confusing electric potential with electric field strength, assuming
that potential difference is the same as current, and not understanding that potential difference can
exist even when no current flows in a circuit.

What role does electric potential difference play in a simple
circuit analysis?

In a simple circuit, electric potential difference drives the flow of current. According to Ohm's Law
(V =IR), the voltage across a circuit element is equal to the product of the current flowing through
it and its resistance, allowing for analysis of circuit behavior.

How can simulations help in understanding electric potential
difference in physics?

Simulations can provide visual representations of electric fields and equipotential lines, allowing
students to manipulate variables and observe how changes in charge, distance, or configuration
affect the electric potential difference, enhancing conceptual understanding.

What are some practical applications of electric potential
difference in everyday technology?

Electric potential difference is crucial in many technologies, such as batteries (providing power to
devices), power supplies (regulating voltage for electronic devices), and electrical safety (circuit
breakers and fuses operate based on voltage levels).
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