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Introduction to Work Done By External Forces in Electric Fields

Understanding the work done by an external force to move a charge within an electric field is fundamental in
electrostatics and physics. When a charge is moved from one point to another in an electric field, the external
force must perform a certain amount of work to overcome the electric forces acting on the charge. This work
is crucial in various applications, from designing electrical circuits to understanding electrostatic phenomena.

In this article, we analyze a specific problem where a charge of 7.20 coulombs is moved from point A to point B,
requiring an external work of 1.6010³ joules. We'll explore the principles involved, the calculations needed,
and the implications of this work in the context of electric potential and energy.

---

Understanding the Physical Context

The Significance of External Work in Electrostatics

In electrostatics, a charge placed in an electric field experiences a force. To move the charge from one point to
another against these forces, an external agent must exert a force equal in magnitude but opposite in direction
to the electric force, ensuring the charge moves along a specified path.

The work done by this external force is a measure of the energy transferred to the charge during its
displacement. This energy can be stored as electric potential energy or dissipated as heat, depending on the
medium and process involved.

Key Concepts and Definitions

- Electric Potential Energy (U): The energy stored in a system of charges due to their positions.
- Electric Potential (V): The work done per unit charge in bringing a charge from infinity to a point in the
electric field.
- Work Done (W): The energy transferred by an external force to move a charge in an electric field, calculated
as the product of charge and potential difference (or electric field considerations).

---

Given Data and Physical Quantities

Before delving into calculations, let's summarize the given information:



- Charge (q): 7.20 C
- Work Done (W): 1.6010³ J (or 1601 J)
- Points A and B: Positions in an electric field, with an unknown potential difference.

Understanding these quantities allows us to analyze the problem effectively.

---

Calculating the Electric Potential Difference Between Points A and
B

Relationship Between Work Done and Electric Potential Difference

The work done by an external force to move a charge from point A to B in an electric field is related to the
electric potential difference between these points. Mathematically,

\[
W = q \times \Delta V
\]

where:
- \( W \) is the work done,
- \( q \) is the charge,
- \( \Delta V = V_B - V_A \) is the change in electric potential.

Rearranging for \( \Delta V \):

\[
\Delta V = \frac{W}{q}
\]

---

Calculating the Potential Difference

Using the provided data:

\[
\Delta V = \frac{1.6010^3\, \text{J}}{7.20\, \text{C}} = \frac{1601\, \text{J}}{7.20\, \text{C}}
\]

\[
\Delta V \approx 222.36\, \text{V}
\]

This indicates that the electric potential at point B relative to point A is approximately 222.36 volts. If the
potential at point A is known, the potential at point B can be determined, which is essential for understanding
the electric field configuration between these points.

---



Interpreting the Significance of the Calculated Potential Difference

Potential Difference and Energy Transfer

The positive value of \( \Delta V \) suggests that the charge moves from a point of lower electric potential
(point A) to a higher potential (point B), assuming the external force is doing work against the electric field.
This is consistent with the external work required to move the charge against the natural direction of the
electric field.

Implications for Electric Field Strength

If the physical distance between points A and B is known, the electric field strength \( E \) can be calculated:

\[
E = \frac{\Delta V}{d}
\]

where:
- \( d \) is the distance between the points.

Without the distance, the field strength remains unknown, but the potential difference provides valuable insight
into the energy landscape between the two points.

---

Additional Considerations in the Problem

Nature of the Electric Field

Understanding whether the electric field is uniform or non-uniform affects how we interpret the work done:

- Uniform Electric Field: The potential difference varies linearly with distance.
- Non-Uniform Electric Field: The potential difference depends on the specific configuration and may involve more
complex calculations.

Energy Stored and Work Done

The work done by the external force is directly related to the change in electric potential energy of the charge:

\[
\Delta U = W
\]

This indicates that the electric potential energy increases by 1601 J as the charge moves from point A to point
B.

---



Real-World Applications and Significance

Designing Electric Circuits

Knowing the work done to move charges helps in designing efficient circuits, especially in components like
batteries, capacitors, and resistors, where energy transfer is critical.

Electrostatic Equipment and Devices

Devices such as cathode-ray tubes, electrostatic precipitators, and particle accelerators rely on precise
control and understanding of charge movement and energy transfer.

Energy Storage and Conversion

Understanding how much energy is transferred during charge movement aids in developing energy storage systems,
including supercapacitors and batteries, optimizing their efficiency.

---

Conclusion

The problem of calculating the work done by an external force to move a 7.20 C charge from point A to point
B, with a known work value of 1.6010³ joules, underscores fundamental principles of electrostatics. The key
takeaway is the relationship between work, charge, and potential difference:

\[
\Delta V = \frac{W}{q}
\]

which, in this case, yields approximately 222.36 volts. This value reflects the energy landscape in the electric
field between the two points and provides insights into the electric potential and energy transfer mechanisms.
Understanding these concepts is essential in various fields of physics, electrical engineering, and technology
development, highlighting the importance of mastering electrostatic principles for practical applications.

---
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Frequently Asked Questions

What is the work done by an external force to move a 7.20 C charge from
point A to point B?

The work done is 1.6010 × 10³ joules.

How is the work done by an external force related to the charge and the
potential difference between points A and B?

Work done (W) is equal to the charge (Q) multiplied by the potential difference (V) between points A and B,
i.e., W = Q × V.

What does the work done tell us about the energy transfer when moving a
charge between two points?

It indicates the amount of energy required or supplied to move the charge, reflecting the work done by the
external force to overcome electric forces.

If the work done to move a charge is known, how can we find the potential
difference between points A and B?

Using the formula V = W / Q, where W is the work done and Q is the charge.

Given the work done is 1.6010 × 10³ J and the charge is 7.20 C, what is the
potential difference between points A and B?

V = (1.6010 × 10³ J) / (7.20 C) ≈ 222.36 volts.

Why is external work necessary to move a charge between two points in an
electric field?

Because the electric field exerts a force on the charge, and external work is needed to overcome this force and
move the charge against or along the electric potential gradient.

How does the concept of work relate to electric potential energy in this
context?

The work done by the external force changes the electric potential energy of the charge as it moves from point
A to point B.

Can the work done be negative in this scenario? Why or why not?

In this context, the work done is positive because the external force supplies energy to move the charge;
negative work would imply the force is removing energy.

What assumptions are made when calculating work done in moving a charge
between two points?

Assumptions include that the electric field is conservative, and the work is calculated along a specific path



without other external influences like friction or magnetic forces.

How can this information about work done be used in practical
applications?

It helps in designing electrical systems, understanding energy requirements for charging and discharging
capacitors, and in calculating potential differences in circuits.

Additional Resources
Part A: The Work Done By An External Force To Move A 7.20 C Charge From Point A To Point B Is 1.6010 ×
10³ J

Understanding the work done by an external force in moving a charge from one point to another is fundamental
in electrostatics and energy transfer concepts in physics. The given problem involves a charge of 7.20
coulombs being moved between two points, with the work done by an external force quantified as 1.6010 × 10³
joules. This scenario provides insight into potential energy differences, electric fields, and the nature of force
interactions on charged particles. Analyzing this problem thoroughly requires delving into concepts such as
electric potential energy, electric potential difference, and the relationship between work, energy, and electric
forces.

---

Understanding the Basics: Work, Charge, and Electric Fields

What is Work Done by an External Force?

In physics, work is defined as the energy transferred to or from an object via a force acting on it over a
distance. When dealing with electric charges, the work done by an external force to move a charge within an
electric field is directly related to the change in electric potential energy. If an external force moves a charge
from point A to point B, overcoming the electrostatic forces that may oppose or assist this movement, the
work done quantifies the energy required or released in this process.

In the context of the problem, the work done, 1.6010 × 10³ J, indicates the energy input needed to move the
charge against the electric forces between the two points. This energy transfer can be associated with a
change in electric potential energy, which is crucial for understanding energy conservation and the behavior of
charges in electrostatic fields.

Electric Charge and Its Significance

The charge in question is 7.20 C, which is relatively large compared to elementary charges (approximately
1.602 × 10⁻¹⁹ C). The magnitude of this charge influences the amount of work required to move it within an
electric field. Larger charges experience greater forces for the same electric field strength and thus require more
work to move across the same potential difference.

Understanding the role of charge magnitude is essential in calculating electric potential differences and energy
changes in various physical systems, from simple laboratory experiments to complex electrical devices.

---



Analyzing the Work Done: Calculations and Implications

Relationship Between Work, Charge, and Electric Potential Difference

The fundamental relationship connecting work (W), charge (Q), and electric potential difference (V) is given by:

\[ W = Q \times V \]

Where:
- W = work done (in joules)
- Q = magnitude of the charge (in coulombs)
- V = electric potential difference between points A and B (in volts)

Rearranging the formula allows us to find the potential difference:

\[ V = \frac{W}{Q} \]

Applying the given data:

\[ V = \frac{1.6010 \times 10^3\, \text{J}}{7.20\, \text{C}} \]

\[ V ≈ 222.36\, \text{V} \]

This indicates that moving the charge from point A to point B involves a potential difference of approximately
222.36 volts.

Implications:

- The significant potential difference suggests a strong electric field exists between the two points.
- The external force must work against this electric potential difference, implying that point B is at a higher
potential compared to point A if energy is supplied to move the charge.

Electric Potential Energy Change

The work done by the external force corresponds to a change in the electric potential energy (U):

\[ \Delta U = -W \]

If the external force supplies energy to move the charge against the electric field (e.g., from a lower to a higher
potential), then the electric potential energy increases.

For this case,

\[ \Delta U = -1.6010 \times 10^3\, \text{J} \]

This indicates that the external force has increased the charge's electric potential energy by this amount,
raising it from a lower to a higher potential point.

---



Physical Interpretation and Real-World Applications

Understanding Electric Potential Difference in Practical Terms

The calculated potential difference of approximately 222.36 volts is comparable to high-voltage power
supplies. It signifies the energy per unit charge required to move the charge between the two points. Such
information is vital in designing electrical systems, where voltage levels determine insulation requirements,
safety protocols, and efficiency.

In laboratory experiments, similar calculations help physicists understand how charges interact in uniform and
non-uniform fields, influencing device performance and safety measures.

Energy Efficiency and Work Input

The work done by an external force reflects the energy input needed to move charges in electric circuits or
fields. In real-world applications:

- Pros:
- Energy control: Precise calculations allow engineers to design systems with optimal energy transfer.
- Safety considerations: Knowing potential differences helps in designing insulation and safety protocols.
- Device efficiency: Understanding how much work is needed guides improvements in energy efficiency.

- Cons:
- Energy loss: In real systems, some energy may be lost as heat or radiation, which isn't captured in ideal
calculations.
- Complex field interactions: Real-world fields are often non-uniform, complicating calculations and requiring
more sophisticated models.

---

Features and Advantages of Analyzing Work Done in Electric Fields

- Quantitative Understanding: Enables precise calculation of energy transfer, potential differences, and forces
involved.
- Design Optimization: Facilitates the design of electrical and electronic components like capacitors, power
supplies, and insulators.
- Safety and Reliability: Helps in establishing safe voltage levels and preventing electrical failures.
- Fundamental Physics Insights: Deepens understanding of energy conservation, electric potential, and field
interactions.

---

Limitations and Challenges

- Idealization Assumptions: Calculations often assume uniform fields and neglect effects like resistance,
inductance, or external influences.
- Measurement Accuracy: Precise measurement of electric potential and charge is necessary for real-world
applications, which can be challenging.
- Complex Geometries: In complex systems, calculating work and potential differences becomes computationally



intensive.

---

Conclusion

The analysis of the work done by an external force to move a 7.20 C charge from point A to point B,
amounting to 1.6010 × 10³ joules, underscores fundamental principles of electrostatics. It illustrates the
relationship between energy, charge, and electric potential difference, serving as a practical example of how
these concepts underpin electrical engineering and physics. Whether designing high-voltage systems, analyzing
electric fields, or understanding energy transfer mechanisms, such calculations are essential tools. Recognizing
both their power and limitations allows scientists and engineers to harness electric forces effectively while
ensuring safety and efficiency in their applications.
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