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At What Points In The Plane Of The Page (besides Points At Infinity), Is The Magnetic Field
Due To The—a fundamental question in electromagnetism that explores the behavior and
characteristics of magnetic fields generated by various current configurations. Understanding where
the magnetic field exists and how it behaves in the plane of the page is crucial for students,
physicists, and engineers working with magnetic phenomena, from designing electrical devices to
analyzing magnetic field patterns in different geometries. This article provides a comprehensive
analysis of the points within the plane of the page, excluding points at infinity, where the magnetic
field due to different sources is present, with detailed explanations, mathematical insights, and
practical implications.

Understanding Magnetic Fields in the Plane of the Page

Magnetic fields are vector fields that describe the magnetic influence of electric currents and
magnetic materials. In many problems, especially those involving planar geometries, it becomes
essential to analyze the magnetic field at various points within the plane of the page.

The Nature of Magnetic Fields

- Generated by Currents: Magnetic fields arise from moving electric charges or currents.

- Magnetic Field Lines: These are imaginary lines tangent to the magnetic field vector at each point,
illustrating the direction and relative strength of the field.

- Biot-Savart Law & Ampere's Law: Fundamental principles used to calculate magnetic fields
generated by currents.

Magnetic Fields Due To Different Current Configurations

Various current distributions produce magnetic fields with distinct spatial patterns. Knowing these
patterns helps identify points where the field exists and how it behaves.

1. Infinite Straight Current-Carrying Wire

- Produces circular magnetic field lines centered around the wire.
- Magnetic Field at a Point: Given by the Biot-Savart Law,

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

where \( I'\) is current, \( r\) is the perpendicular distance from the wire, and \( \hat{\phi} \) is the
azimuthal unit vector.



- Points in the Plane of the Page:

- All points not on the wire itself have a magnetic field due to the circular field lines.

- The magnetic field is zero only at the location of the wire (since the radius \( r = 0\) causes the field
to tend toward infinity but physically, the field is undefined exactly at the wire).

2. Circular Current Loop

- Produces magnetic fields similar to bar magnets.
- Field in the Plane:

- On the axis passing through the center of the loop, the magnetic field can be calculated using the
Biot-Savart law.

- Points inside the plane where the loop lies will experience magnetic fields due to the current flowing
in the loop.

- Key Point:

- The magnetic field is non-zero everywhere in the plane except precisely at the center of the loop
(where the field is maximum), and at the center of the loop's interior, the field can be zero depending
on the configuration.

3. Multiple Wire Arrangements

- Superposition principle applies.
- The magnetic field at any point in the plane is the vector sum of fields due to individual wires.

Points in the Plane of the Page Where Magnetic Field Is Non-Zero

In analyzing magnetic fields in the plane of the page, it's essential to understand where the magnetic
field is non-zero and where it vanishes.

1. Regions Near Currents
- Proximity to Current-Carrying Conductors:

- Magnetic fields are strongest near the conductors.
- For a single infinite wire, the field is strongest close to the wire and diminishes with distance.

- At points directly on the current-carrying wire:

- The magnetic field tends toward infinity mathematically, but physically, it is undefined exactly at the
wire.

2. Symmetry and Cancellation
- Symmetrical arrangements may lead to cancellation of magnetic fields at certain points.

- For example, in the case of two parallel wires carrying currents in opposite directions, the magnetic



fields can cancel at specific points equidistant from both wires.
3. Specific Geometrical Configurations
- Magnetic field due to a magnetic dipole:

- Points along the equatorial plane of the dipole experience a magnetic field that varies with distance
and orientation.

- Magnetic fields in the plane of a current sheet:

- Uniform distribution can produce a consistent magnetic field across the plane.

Mathematical Determination of Magnetic Fields in the Plane

Calculating magnetic fields at specific points involves applying the Biot-Savart Law, Ampére's Law, or
superposition principles.

Biot-Savart Law

\[

\mathbf{B}(\mathbf{r}) = \frac{\mu_03} {4\pi} \int \frac{I \, d\mathbf{I} \times
\hat{\mathbf{r}}'}{r'~2}

\]

where:
-\( d\mathbf{l} \) is a differential length element of the current path.
-\(\hat{\mathbf{r}}"'\) is the unit vector from the source point to the field point.

-\(r'\) is the distance from the source point to the field point.

Using this law, one can compute the magnetic field at any point within the plane of the page for
various current configurations.

Key Points for Calculations
- For infinite straight wires, the magnetic field circles around the wire, with magnitude inversely
proportional to the distance.

- For closed loops, the magnetic field can be computed along the axis using standard formulas.
- For multiple wires, superposition is used to sum individual fields vectorially.

Points in the Plane of the Page Where Magnetic Field Is Zero
Certain points in the plane may experience no net magnetic field due to symmetry or cancellation.

1. Symmetrical Arrangements



- In arrangements where magnetic fields from different segments cancel out, such as:

- The midpoint between two parallel wires carrying currents in opposite directions.
- The center of a symmetric current loop.

2. Points Along the Axis of Symmetrical Systems

- For example, at the geometric center of a square of four equal current-carrying wires, magnetic
fields from each wire can cancel.

Practical Implications and Applications

Understanding the points in the plane of the page where the magnetic field exists is fundamental for
various technological and scientific applications.

1. Magnetic Field Mapping

- Used in designing electric motors and transformers where magnetic field uniformity and strength are
critical.

2. Magnetic Shielding and Cancellation

- Designing arrangements to cancel magnetic fields in sensitive equipment, such as in MRI rooms or
laboratory setups.

3. Magnetic Sensors and Devices

- Placement of sensors depends on knowing where magnetic fields are strong or null.

Summary: Key Takeaways

- Magnetic fields due to current-carrying conductors exist at all points in the plane of the page except
directly on the conductors themselves.

- The magnetic field is zero at points where magnetic effects cancel out—these include certain
symmetry points in complex arrangements.

- Infinite straight wires produce circular magnetic fields around the wire, with the field strength
decreasing with distance.

- Closed loops generate magnetic fields with characteristic patterns, strongest at the center or along
the axis.

- Superposition allows the calculation of the magnetic field at any point in the plane for multiple
sources.

- Practical applications heavily depend on understanding where these fields are non-zero or null to
optimize device performance or safety.

Final Note



The exploration of magnetic fields in the plane of the page is a classical problem that blends
theoretical physics with practical engineering. Mastery of this topic enables precise control and
prediction of magnetic phenomena, which is essential in designing electromagnetic devices,
understanding magnetic materials, and developing new technologies.

Keywords: Magnetic field, plane of the page, current distribution, Biot-Savart law, magnetic field
points, symmetry, electromagnetism, current-carrying wire, magnetic field calculation, magnetic null
points, superposition.

Frequently Asked Questions

At what points in the plane of the page, besides points at
infinity, is the magnetic field due to a current-carrying wire
zero?

The magnetic field due to a current-carrying wire is zero at points located exactly along the line
perpendicular to the wire at its midpoint, where the magnetic field contributions from different
segments cancel out, and at certain symmetric points where the magnetic field vectors sum to zero.

How can the magnetic field in the plane of the page be zero at
specific points away from the wire?

The magnetic field can be zero at points where the magnetic fields produced by multiple sources
(such as multiple wires or loops) cancel each other out due to their directions and magnitudes,
typically at points equidistant from the sources with opposing field directions.

Are there points within the plane of the page where the
magnetic field due to a dipole is zero, aside from points at
infinity?

Yes, the magnetic field of a dipole is zero at points along the plane of the dipole axis at a certain

distance from the dipole, specifically at the equatorial plane perpendicular to the axis, excluding
points at infinity.

In the context of a magnetic field generated by a current loop,
where in the plane of the page is the magnetic field zero?

The magnetic field due to a current loop is zero along the plane of the loop at points located along the
axis perpendicular to the plane at specific distances, and also at the center of the loop, but only at the
center or at points where the contributions cancel out.



What are the typical locations in the plane of the page where
the magnetic field is zero for complex arrangements of
currents, aside from points at infinity?

In complex arrangements, the magnetic field is zero at points where the superposition of fields from
all currents cancels out, often at symmetry points like midpoints between wires or along specific axes
where the vector sum of magnetic fields is zero.

Additional Resources
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Understanding magnetic fields generated by current-carrying conductors is fundamental to
electromagnetism, with applications spanning from electric motors to medical imaging. A particularly
intriguing aspect of these fields is determining where, within a given plane, the magnetic field takes
on specific values or directions. This question gains complexity when we exclude the idealized points
at infinity, focusing instead on the finite, tangible regions of the plane where the magnetic field
manifests in particular ways.

This article delves into the core principles governing magnetic fields in a plane, explores how the
geometry of conductors influences the field distribution, and highlights the key points—excluding
points at infinity—that bear specific magnetic properties. Through a systematic examination, readers
will gain insights into the spatial behavior of magnetic fields, reinforced by mathematical
underpinnings and illustrative examples.

The Fundamentals of Magnetic Fields from Planar Currents

Before pinpointing exact locations within the plane, it’s essential to understand the basic principles
that dictate the behavior of magnetic fields generated by currents.

Biot-Savart Law: The Cornerstone

At the heart of magnetic field analysis lies the Biot-Savart Law, which states that a steady current
produces a magnetic field. For a current element \( d\mathbf{l} \) carrying current \( I'\), the magnetic
field \( d\mathbf{B} \) at a point \( \mathbf{r} \) is given by:

\[

d\mathbf{B} = \frac{\mu_0}{4\pi} \frac{l\, d\mathbf{l} \times \mathbf{\hat{r}}}{r"2}

\]

where:

-\(\mu_0) is the permeability of free space,

-\( r\) is the distance from the current element to the point,

-\(\mathbf{\hat{r}} \) is the unit vector from the current element to the point.

This law allows us to compute the magnetic field at any point in space due to complex current



configurations, especially in two dimensions where the current-carrying conductors are confined to a
plane.

Magnetic Field Characteristics in the Plane

In the plane of the page, the magnetic field generated by a current-carrying wire is tangential to the
circles centered around the wire, as per the right-hand rule. The magnitude diminishes with distance,
following an inverse proportionality:

\[

B \propto \frac{1}{r}

\]

This creates a field pattern composed of concentric loops around the wire, with the field vector
direction determined by the current direction.

Identifying Special Points in the Plane

The behavior of the magnetic field at specific points depends on the geometry of the current
distribution. We can classify points based on the magnetic field's magnitude, direction, or nullity.

Points of Zero Magnetic Field: Null Points

One of the most studied special points is where the magnetic field cancels out entirely, resulting in a
null point.

Single Infinite Wire

- Location: At any point in the plane not on the wire itself, the magnetic field is non-zero.

- Null Point: There is no finite point in the plane where the field from a single wire becomes zero
unless at the wire itself, where the field theoretically tends to infinity.

Multiple Wires: Superposition of Fields

When multiple wires are present, the magnetic fields superimpose. The null points then depend on
the relative positions and directions of currents.

- Conditions for Null Points:
1. The vector sum of the magnetic fields from all wires at that point must be zero.
2. These points are typically found where the magnetic field contributions cancel out in both

magnitude and direction.

- Example: Two parallel wires with currents in opposite directions produce a line of points where their
fields cancel, forming a null line.

Points of Maximum or Minimum Magnetic Field

Regions where the magnetic field reaches extrema are significant, especially in the context of



magnetic shielding or sensor placement.

- Maxima: Usually near the wires, where the field strength peaks as \( r\to 0).

- Minima: Often at points equidistant from multiple wires with opposing currents, where partial
cancellation occurs.

Points of Specific Field Direction

In many applications, knowing where the magnetic field points in a particular direction within the
plane is crucial.

- Directionality: The magnetic field around a wire encircles the wire following the right-hand rule,
meaning the field's tangent direction is well-defined at each point, except at the wire itself.

Analytical Approaches to Locate Specific Points

Determining the exact points in the plane where the magnetic field exhibits certain properties
involves mathematical analysis leveraging symmetry, superposition, and vector calculus.

Superposition Principle

Given multiple current elements, the total magnetic field at a point is the vector sum:

\[

\mathbf{B} {\text{total}} =\sum {i} \mathbf{B} i

\]

where each \( \mathbf{B} i\) is computed via the Biot-Savart Law.

Symmetry Considerations

- Symmetrical Arrangements: For symmetric configurations (e.g., two identical parallel wires), the null
points often lie along symmetry axes.

- Analysis: Use symmetry to reduce the problem, setting components of the magnetic field to zero
and solving for the coordinates.

Solving for Null Points

Suppose two wires are placed at positions \( \mathbf{r} 1\) and \( \mathbf{r} 2\), with currents \(
I_1\) and \(1_2\). To find null points:

1. Write expressions for \( \mathbf{B} 1\) and \( \mathbf{B} 2\) at an arbitrary point \( \mathbf{r}
\).

2. Set the sum \( \mathbf{B} 1 + \mathbf{B} 2 =0).

3. Solve the resulting equations component-wise for \( x \) and \( y \).

Practical Examples and Case Studies



To elucidate the principles, consider some common configurations:
Two Parallel Wires with Opposite Currents

- Setup: Wires at \( x = \pm a\), with currents \( I'\) in opposite directions.

- Field Pattern: The magnetic field lines form closed loops around each wire, with a line of null points
at the midpoint \( x=0\) where the fields cancel.

- Result: The null point is a line in the plane where the magnetic field due to each wire is equal in
magnitude and opposite in direction.

Circular Current Loops

- Setup: A single circular loop of current lying in the plane.
- Null Points: At the center of the loop, the magnetic field is perpendicular to the plane; outside, the
field varies with position, and null points are absent unless multiple loops interact.

Complex Current Distributions

- Grid of Wires: Multiple wires arranged in a grid create a complex magnetic landscape with multiple
null points, maxima, and minima.

- Field Mapping: Numerical methods or computational tools are often employed to map out the
magnetic field in such scenarios.

Theoretical and Practical Significance

Understanding where in the plane the magnetic field takes on specific values is more than a
theoretical exercise. It has practical implications:

- Magnetic Shielding: Designing regions free of magnetic fields, i.e., null points, is critical in sensitive
measurement environments.

- Sensor Placement: Magnetic sensors, such as Hall effect devices, are strategically placed at points
where the field is well-characterized or null.

- Electromagnetic Compatibility: Avoiding unintended nulls or maxima can prevent interference in
electronic systems.

- Magnetic Field Manipulation: Engineers can craft specific field patterns by arranging conductors to
produce desired null or maximum points.

Limitations and Points at Infinity

While the focus of this discussion is on finite points within the plane, it’s worth noting that the concept
of points at infinity is essential in the broader context of field theory, especially in the language of
conformal mappings and complex analysis. However, practical and physical considerations limit the
relevance of points at infinity, as real-world systems are finite and measurements are confined to
accessible regions.



Conclusion

Determining the specific points in the plane where the magnetic field due to currents exhibits
particular properties is a nuanced task rooted in fundamental electromagnetic principles. By
leveraging the Biot-Savart Law, symmetry considerations, and superposition, one can identify null
points, maxima, minima, and directional features within the plane—excluding the idealized points at
infinity. These insights not only deepen our understanding of magnetic field behavior but also inform
practical applications across engineering, physics, and technology.

In essence, the magnetic landscape within a plane, shaped by the geometry and configuration of
currents, offers a rich tapestry of points with unique properties. Recognizing and understanding these
points empower scientists and engineers to harness magnetic fields more effectively, whether for
designing magnetic circuits, shielding sensitive equipment, or exploring the fundamental nature of
electromagnetism.
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