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Understanding the magnetic field generated by a current-carrying wire is fundamental in
electromagnetism. When dealing with a long, straight wire, the magnetic field at a specific point
depends on the current flowing through the wire and the distance from the wire to that point. In this
article, we will explore the principles that govern such magnetic fields, analyze the given problem
where the magnetic field at point P is 1.2 Tesla due to a 2.0 A current, and determine the distance
from the wire to point P.

---

Fundamental Concepts of Magnetic Fields Around a
Long Straight Wire

Before delving into the problem specifics, it is essential to understand the basic principles of
magnetic fields generated by currents in long straight wires.

Ampère's Law and Magnetic Field of a Long Straight Wire

- Ampère's Law relates magnetic fields to the currents that produce them.
- For an infinitely long, straight wire carrying current \( I \), the magnetic field \( B \) at a distance \(
r \) from the wire is given by:

\[
B = \frac{\mu_0 I}{2 \pi r}
\]

where:
- \( B \) is the magnetic flux density in Tesla (T),
- \( \mu_0 \) is the permeability of free space (\( 4\pi \times 10^{-7} \, \text{T}\cdot\text{m/A} \)),
- \( I \) is the current in amperes (A),
- \( r \) is the radial distance from the wire in meters (m).

Magnetic Field Direction: Right-Hand Rule

- The magnetic field produced by a current-carrying wire encircles the wire.



- Using the right-hand rule: point the thumb in the direction of current, and the curled fingers show
the direction of the magnetic field.

Units and Measurement of Magnetic Field

- The magnetic flux density \( B \) is measured in Tesla (T).
- Typical magnetic fields near conductors are often in the micro to milliTesla range; 1.2 Tesla is a
very strong magnetic field, indicating proximity to the wire or a high current.

---

Given Data and Problem Objective

The problem provides specific data points:

- Magnetic field at point P: \( B = 1.2\, \text{T} \)
- Current in the wire: \( I = 2.0\, \text{A} \)

Question:
How far is point P from the wire?

The goal is to find the radial distance \( r \) from the wire to point P where this magnetic field exists.

---

Step-by-Step Solution to Find the Distance

Based on the formula for the magnetic field around a long straight wire:

\[
B = \frac{\mu_0 I}{2 \pi r}
\]

Rearranged to solve for \( r \):

\[
r = \frac{\mu_0 I}{2 \pi B}
\]

Now, substituting known values:

\[
\mu_0 = 4\pi \times 10^{-7} \, \text{T}\cdot\text{m/A}
\]
\[



I = 2.0 \, \text{A}
\]
\[
B = 1.2 \, \text{T}
\]

Calculating:

\[
r = \frac{(4\pi \times 10^{-7}) \times 2.0}{2 \pi \times 1.2}
\]

Simplify numerator and denominator:

\[
r = \frac{4\pi \times 10^{-7} \times 2.0}{2 \pi \times 1.2}
\]

Cancel \( 2 \pi \):

\[
r = \frac{4 \times 10^{-7} \times 2.0}{2 \times 1.2}
\]

Calculate numerator:

\[
4 \times 10^{-7} \times 2.0 = 8 \times 10^{-7}
\]

Calculate denominator:

\[
2 \times 1.2 = 2.4
\]

Final calculation:

\[
r = \frac{8 \times 10^{-7}}{2.4} \approx 3.33 \times 10^{-7} \, \text{m}
\]

---

Interpreting the Result: How Close Is Point P to the
Wire?

The calculated distance:



\[
r \approx 3.33 \times 10^{-7} \, \text{meters}
\]

which is approximately 0.33 micrometers.

This extremely small distance indicates that point P must be very close to the wire to experience
such a strong magnetic field of 1.2 Tesla at just 2.0 A of current.

---

Implications and Real-World Considerations

Understanding the magnitude of the magnetic field at such close proximity has practical
implications:

1. Magnetic Field Strength Near Conductors

- Magnetic fields near conductors can reach high levels, especially close to the wire.
- For typical currents (a few amperes), strong magnetic fields such as 1.2 T are only achievable at
microscopic distances.

2. Safety Precautions in Electromagnetic Environments

- High magnetic fields pose safety risks, including interference with electronic devices and potential
biological effects at high exposure levels.
- Proper shielding and safety protocols are necessary in environments with strong magnetic fields.

3. Applications in Electromagnetism and Engineering

- Such calculations are vital in designing electromagnets, MRI machines, and other devices where
magnetic field strength and proximity are critical.

---

Summary of Key Points

- The magnetic field due to a long straight wire is given by \( B = \frac{\mu_0 I}{2 \pi r} \).
- Given a magnetic field of 1.2 T and a current of 2.0 A, the distance from the wire to point P is
approximately 0.33 micrometers.
- The extremely high magnetic field strength at such a small distance highlights the importance of



safety and precision in electromagnetic applications.
- This problem demonstrates the direct proportionality between magnetic field strength and current,
and inverse proportionality to distance.

---

Additional Resources for Further Learning

- Textbooks:
- Introduction to Electrodynamics by David J. Griffiths
- Fundamentals of Physics by Halliday, Resnick, and Walker

- Online Resources:
- HyperPhysics: [Magnetic Fields of
Currents](http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/magcon.html)
- Khan Academy: [Magnetic Fields and
Force](https://www.khanacademy.org/science/physics/magnetic-forces-and-magnetic-fields)

- Simulation Tools:
- PhET Interactive Simulations: [Magnetic
Fields](https://phet.colorado.edu/en/simulation/magnetic-fields)

---

Conclusion

Understanding how magnetic fields behave around long straight wires is essential for both
theoretical physics and practical engineering applications. The calculation detailed in this article
shows that for a magnetic field of 1.2 Tesla generated by a 2.0 A current, the point P must be
extremely close—on the order of a fraction of a micrometer—to the wire. This insight emphasizes the
importance of precise distance measurements and safety considerations when working with strong
magnetic fields in real-world scenarios. Whether designing magnetic devices or studying
fundamental electromagnetic phenomena, mastering these calculations is foundational for
advancements in science and technology.

Frequently Asked Questions

How do you calculate the distance from a long straight wire
where the magnetic field is known?
Use the formula B = (μ₀ I) / (2π r), where B is the magnetic field, μ₀ is the permeability of free space,
I is the current, and r is the distance from the wire. Rearranged as r = (μ₀ I) / (2π B).



Given a magnetic field of 1.2 T produced by a 2.0 A current,
what is the distance from the wire?
Using r = (μ₀ I) / (2π B), with μ₀ ≈ 4π × 10⁻⁷ T·m/A, the distance r ≈ (4π × 10⁻⁷ × 2.0) / (2π × 1.2) ≈
6.67 × 10⁻⁷ meters.

Is a magnetic field of 1.2 T realistic for a long straight wire
carrying 2 A current?
No, a magnetic field of 1.2 T is extremely high for such a setup; typical fields are in millitesla or
microtesla range. This suggests the value may be hypothetical or pertains to a very close proximity
or specialized equipment.

What units should be used when calculating the distance in
this magnetic field problem?
Ensure the current is in amperes (A), the magnetic field in tesla (T), and the permeability of free
space in henrys per meter (H/m or T·m/A). The resulting distance will be in meters.

How does the magnetic field vary with distance from a long
straight current-carrying wire?
The magnetic field decreases inversely with distance, following B ∝ 1/r. As you move farther from
the wire, the magnetic field strength diminishes proportionally.

What assumptions are made when using the formula for
magnetic field around a long straight wire?
Assumes the wire is infinitely long, straight, and the magnetic field is measured in the region where
the field is purely due to the wire, neglecting other magnetic influences.

How can the magnetic field strength be used to determine the
proximity to a current-carrying wire in practical applications?
By measuring the magnetic field strength at a point, you can use the inverse relationship with
distance to estimate how close you are to the wire, which is useful in magnetic sensing and safety
assessments.

Additional Resources
At Point P The Magnetic Field Due To A Long Straight Wire Carrying A Current Of 2.0 A Is 1.2 T.
How Far from the wire is this point? This question encapsulates a fundamental concept in
electromagnetism—how magnetic fields behave around current-carrying conductors—and serves as
a practical problem in physics that helps deepen our understanding of magnetic field intensity and
its dependence on distance. Exploring this problem thoroughly involves understanding the



underlying principles, the mathematical formulation, and the application of laws such as Ampère's
Law and the Biot-Savart Law. In this article, we will analyze the problem step-by-step, providing a
comprehensive overview of magnetic field theory for infinite straight conductors, the relevant
equations, and detailed calculations, along with insights into real-world applications.

---

Understanding the Magnetic Field Around a Long
Straight Wire

The Concept of Magnetic Fields Generated by Currents

Any current-carrying conductor produces a magnetic field in the surrounding space. This magnetic
field is a vector field, meaning it has both magnitude and direction, and it results from the movement
of charge carriers within the wire. The fundamental law governing this phenomenon is Ampère's
Law, which relates the magnetic field around a current to the current itself.

The magnetic field lines around a long, straight conductor are concentric circles centered on the
wire, with the field strength diminishing with increasing distance from the wire. This circular
pattern reflects the right-hand rule: if you point your thumb in the direction of the current, your
fingers curl around the wire in the direction of the magnetic field.

Mathematical Formulation of Magnetic Field for a Long
Straight Wire

The magnetic field (B) at a distance (r) from a long, straight conductor carrying a current (I) is given
by the Ampère's Law in its integral form:

\[ B = \frac{\mu_0 I}{2 \pi r} \]

Where:
- \( B \) is the magnetic field strength at distance \( r \),
- \( \mu_0 \) is the permeability of free space (\( 4\pi \times 10^{-7} \, \text{T}\cdot\text{m/A} \)),
- \( I \) is the current passing through the wire,
- \( r \) is the radial distance from the wire.

This formula assumes an idealized infinitely long wire, neglecting edge effects and other external
influences.

---



Detailed Calculation of the Distance from Point P to the
Wire

Given Data:
- Magnetic field at point P, \( B = 1.2\, \text{T} \),
- Current in the wire, \( I = 2.0\, \text{A} \).

Objective:
- Find the distance \( r \) from the wire to point P.

Applying the formula:

\[ r = \frac{\mu_0 I}{2 \pi B} \]

Substituting the known values:

\[ r = \frac{(4\pi \times 10^{-7} \, \text{T}\cdot\text{m/A}) \times 2.0 \, \text{A}}{2 \pi \times 1.2 \,
\text{T}} \]

Simplify numerator:

\[ (4\pi \times 10^{-7}) \times 2.0 = 8\pi \times 10^{-7} \]

Simplify denominator:

\[ 2 \pi \times 1.2 = 2.4 \pi \]

Now, the expression becomes:

\[ r = \frac{8 \pi \times 10^{-7}}{2.4 \pi} \]

Cancel \( \pi \):

\[ r = \frac{8 \times 10^{-7}}{2.4} \]

Calculate:

\[ r = \frac{8 \times 10^{-7}}{2.4} \approx 3.33 \times 10^{-7} \, \text{m} \]

So, the distance between point P and the wire is approximately 3.33 x 10⁻⁷ meters or 0.333
micrometers.

---

Implications and Real-World Considerations



Unusually High Magnetic Field for the Given Current

The value obtained—1.2 Tesla at such a small distance—is extraordinarily high, especially
considering the current is only 2 A. Typically, magnetic fields of this magnitude are observed in
specialized laboratory equipment like MRI machines or magnetic resonance spectrometers, which
generate intense magnetic fields with powerful superconducting magnets. For a simple copper wire
with 2 A current, such a high field is practically impossible at realistic distances, suggesting the
problem might be theoretical or designed to demonstrate the inverse relationship between magnetic
field strength and distance.

Features / Pros:
- Demonstrates the inverse proportionality between magnetic field and distance.
- Highlights the importance of precise measurements in electromagnetic applications.
- Useful for understanding the limits of magnetic field generation in practical devices.

Limitations / Cons:
- The calculated distance is extremely small—implying a near-contact scenario, which is physically
impractical.
- Assumes an ideal infinitely long wire, neglecting edge effects and real-world complexities.
- Does not consider magnetic permeability variations in different materials.

Application in Electromagnetic Devices and Engineering

Understanding the relationship between magnetic field and distance is crucial in designing
electromagnetic devices such as inductors, transformers, and magnetic sensors. Engineers must
consider how fields decay with distance to prevent interference and optimize performance.

Features / Pros:
- Critical for electromagnetic compatibility (EMC) design.
- Enables accurate modeling of magnetic fields in complex geometries.
- Facilitates the development of miniaturized magnetic sensors and coils.

Limitations / Cons:
- Simplistic models may not account for complex environmental factors.
- Real-world materials may alter magnetic field distributions.

---

Additional Insights and Educational Value

This problem serves as an excellent educational tool for physics students to comprehend the
fundamental laws governing electromagnetism. It illustrates the practical application of Ampère's
Law and underscores the importance of understanding the inverse relationship between magnetic
field strength and distance.

Key Takeaways:



- Magnetic field strength around a long, straight wire diminishes as the distance from the wire
increases.
- The formula \( B = \frac{\mu_0 I}{2 \pi r} \) is essential for calculating magnetic fields in many
applications.
- Practical magnetic field values at typical currents are usually much lower than the 1.2 T example,
emphasizing the importance of considering real-world constraints.

---

Conclusion

The question of how far point P is from a long straight wire carrying a 2.0 A current, given a
magnetic field of 1.2 Tesla, reveals the profound inverse relationship between magnetic field
strength and distance. The calculated distance of approximately 0.333 micrometers illustrates the
intense magnetic fields achievable only under specialized conditions and highlights the importance
of accurate modeling in electromagnetic theory. While the theoretical value provides valuable
insight into the behavior of magnetic fields, practical applications often involve much lower
magnitudes, governed by the same fundamental principles. Understanding these relationships is
vital in the fields of electrical engineering, physics, and applied sciences, enabling innovations in
magnetic device design and electromagnetic compatibility.
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