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Understanding how magnetic fields behave around current-carrying conductors
is fundamental in physics and electrical engineering. Whether designing
electromagnetic devices, analyzing magnetic sensors, or exploring fundamental
principles, knowing how the magnetic field varies with distance from a
conductor's axis is crucial. This article provides a comprehensive guide to
ranking magnetic field strengths from largest to smallest at specific
distances from the axis of various conductors, explaining the underlying
principles, formulas, and practical applications.

Introduction to Magnetic Fields Around
Conductors

Magnetic fields are generated by moving electric charges, notably currents
flowing through conductors. The shape and strength of these magnetic fields
depend on the conductor's geometry, the current's magnitude, and the distance
from the conductor.

In simple terms, the magnetic field (denoted as B) diminishes as you move
away from the conductor, but the rate of decrease varies with the conductor's
shape:

- Long, straight conductors produce magnetic fields that follow a specific
inverse relation with distance.
- Circular loops generate magnetic fields that depend on the position
relative to the loop center.
- Solenoids and coils produce fields similar to bar magnets inside the coil,
with the field strength depending on the number of turns and current.

This article focuses primarily on the magnetic field around straight
conductors and other common configurations, examining how distance from the
axis affects the magnetic field's magnitude.

Magnetic Field of a Long Straight Conductor



Fundamental Principles

The magnetic field around a long, straight conductor carrying current I is
described by Ampère's Law, which leads to the following expression:

B = (μ₀ I) / (2π r)

where:

- B = magnetic field strength at distance r from the wire (Tesla, T)
- μ₀ = permeability of free space (≈ 4π × 10⁻⁷ T·m/A)
- I = current in the wire (Amperes, A)
- r = radial distance from the wire's axis (meters, m)

This relation indicates that the magnetic field decreases inversely with
distance from the wire.

Implications for Ranking Magnetic Fields

Given the inverse relationship, at a set of distances from the conductor, the
magnetic field values will follow:

- Closest distance to the wire yields the largest magnetic field.
- Farther distances result in weaker magnetic fields.

For example, if you are asked to rank magnetic fields at distances r₁, r₂,
r₃, where r₁ < r₂ < r₃, then:

B at r₁ > B at r₂ > B at r₃

This straightforward inverse proportion makes it easy to rank the magnetic
fields around a straight conductor.

Magnetic Field of a Circular Current Loop

Magnetic Field at the Center and Along the Axis

A circular loop of radius R carrying current I produces a magnetic field at
the center and along its axis, described by:

B = (μ₀ I R²) / (2 (R² + x²)^(3/2))

where:



- x = distance along the axis from the center of the loop
- For the center (x = 0), the magnetic field simplifies to:

B_center = (μ₀ I) / (2 R)

Ranking Magnetic Fields Along the Axis

When considering distances x from the center along the axis (x > 0), the
magnetic field decreases as x increases, following the formula:

- At x = 0 (center): the magnetic field is maximum.
- As x increases, B diminishes.

Thus, the ranking for magnetic fields at different points along the axis is:

At x = 0: Largest magnetic field
At x > 0: Smaller magnetic fields, decreasing with increasing x

The exact values depend on the specific distances, but the general trend
remains: the magnetic field is strongest at the center.

Magnetic Field Inside and Outside a Solenoid

Field Inside a Long Solenoid

A solenoid is a coil of wire, and when sufficiently long, it produces a
nearly uniform magnetic field inside, given by:

B = μ₀ n I

where:

- n = number of turns per unit length (turns/m)
- I = current in the coil

Inside the solenoid, the magnetic field is approximately uniform and
independent of the distance from the axis (assuming an ideal solenoid).

Field Outside a Long Solenoid

Outside the solenoid, the magnetic field is nearly zero, especially as the
length increases, making the field negligible at distances away from the
coil.



Implication:
Since the magnetic field inside a long solenoid is uniform and relatively
strong, the field strength does not diminish significantly with radial
distance from the axis within the coil, but outside the coil, it's minimal.

Ranking:
- Inside the solenoid: magnetic field is nearly constant at all points
(largest)
- Outside the solenoid: magnetic field is negligible (smallest)

Comparison and Ranking of Magnetic Field Values
at Different Distances

To effectively rank the magnetic fields at various distances from the axis of
different conductors or configurations, it's essential to understand their
dependence on distance:

| Configuration | Magnetic Field Dependence | Typical Behavior | Ranking
Principle |
|-----------------|---------------------------|---------------------|--------
-----------|
| Straight wire | B ∝ 1/r | Decreases inversely with distance | Closer
distances have larger B |
| Circular loop (center) | B = constant | Max at center, decreases along axis
| Center has largest B |
| Circular loop (along axis) | B ∝ 1 / (R² + x²)^(3/2) | Max at x=0,
decreases outward | Closer to the loop center or axis yields larger B |
| Solenoid (inside) | B = constant | Uniform field inside | No ranking needed
within the coil |
| Solenoid (outside) | B ≈ 0 | Negligible field | Smallest B |

Using these relationships, you can rank magnetic field values at specified
distances.

Practical Examples and Step-by-Step Ranking

Suppose you are asked to rank the magnetic fields at the following distances
from a long straight wire:

- 1 cm
- 3 cm
- 5 cm

Assuming a constant current, the magnetic field at each distance r is:

- B₁ = (μ₀ I) / (2π 0.01)



- B₂ = (μ₀ I) / (2π 0.03)
- B₃ = (μ₀ I) / (2π 0.05)

Since B ∝ 1/r, the ranking is:

1. B at 1 cm (largest)
2. B at 3 cm
3. B at 5 cm (smallest)

This illustrates the inverse proportionality and how to prioritize magnetic
field strengths based on distances.

Additional Factors Influencing Magnetic Field
Strengths

While distance from the axis is a primary factor, other factors can influence
the magnetic field's magnitude:

- Current magnitude: The larger the current, the stronger the magnetic field.
- Conductor geometry: Shape and size affect the field distribution.
- Material permeability: Magnetic materials near the conductor can amplify or
diminish the field.
- Configuration of conductors: Coils, loops, or multiple conductors can
produce superimposed magnetic fields.

Understanding these factors helps in accurately ranking magnetic fields in
complex systems.

Conclusion: Summarizing the Ranking Principles

To effectively rank magnetic field values from largest to smallest at
specific distances from the axis:

1. Identify the configuration (straight wire, loop, solenoid).
2. Understand the dependence of magnetic field strength on distance:
- For long straight conductors: B ∝ 1/r
- For loops and coils: maximum at the center or axis, decreasing outward
3. Compare the distances: Closer points generally have stronger magnetic
fields in inverse relationships.
4. Apply the formulas to calculate actual values if needed, especially when
precise ranking is required.
5. Account for other factors such as current and conductor geometry in real-
world applications.

By mastering these principles, engineers, physicists, and students can
accurately assess and compare magnetic fields in various scenarios, leading



to better design, analysis, and understanding of electromagnetic systems.

---

In summary, the magnetic field's strength diminishes with increasing distance
from the conductor's axis in most configurations, following specific
mathematical relationships. Recognizing these relationships enables you to
rank magnetic field values effectively, facilitating better comprehension and
application of magnetic principles in practical contexts.

Frequently Asked Questions

How does the magnetic field strength vary with
distance from the axis of a current-carrying wire?
The magnetic field strength decreases as the distance from the wire
increases, following an inverse relationship typically proportional to 1/r
for long straight wires.

What is the typical order of magnetic field values
at different distances from a solenoid's axis?
The magnetic field is strongest at the center of the solenoid and decreases
with distance from the axis, so the order from largest to smallest is:
center, near the axis, and farther away.

Which position has the highest magnetic field: at
the axis, at a point twice as far from the axis, or
at three times the distance?
The magnetic field is highest at the axis, decreases at twice the distance,
and is smallest at three times the distance, so the order from largest to
smallest is: axis, twice the distance, three times the distance.

Why does the magnetic field decrease with increasing
distance from the source?
Because magnetic field lines spread out as the distance from the source
increases, resulting in weaker field strength at larger distances.

How can the magnetic field values at different
distances be ranked from largest to smallest in a



long straight wire?
At the same point along the wire, the magnetic field is strongest close to
the wire and diminishes with increasing distance, so the order is: closest
distance, then farther distances.

In a magnetic field generated by a finite solenoid,
how does the field strength compare at the center
versus points off-center?
The magnetic field is strongest at the center of the solenoid and weaker off-
center, so the ranking from largest to smallest is: at the center, then off-
center points farther away.

What factors influence the ranking of magnetic field
strengths at different distances from the axis?
Factors include the geometry of the current-carrying conductor, the distance
from the source, and the configuration of the magnetic field lines, with
closer points generally experiencing stronger fields.

Additional Resources
Magnetic Field Strengths at Varying Distances from an Axis: Rank From Largest
To Smallest

Understanding how magnetic field strength varies with distance from a source
is fundamental in electromagnetism. Whether analyzing the magnetic field
produced by a current-carrying wire, a solenoid, a bar magnet, or other
magnetic sources, recognizing the relative magnitudes of the magnetic field
at different points in space is crucial for applications ranging from
electrical engineering to physics research. This detailed review aims to rank
the magnetic field strengths at various distances from an axis, providing a
comprehensive explanation grounded in electromagnetic principles.

---

Introduction to Magnetic Fields and Their
Dependence on Distance

Magnetic fields are vector fields generated by moving charges (currents) or
intrinsic magnetic moments (magnetic dipoles). The strength of these fields
diminishes with distance from their source, but the rate of decay depends on
the geometry of the source.



The primary geometries considered include:
- Infinite straight wire
- Finite straight wire
- Long solenoid
- Bar magnet
- Point magnetic dipole

Each configuration produces a magnetic field with a characteristic dependence
on distance, which forms the basis for ranking their magnitudes at different
points.

---

Fundamental Principles Governing Magnetic Field
Decay

Before ranking, it's essential to understand the mathematical relationships
that describe how magnetic field strength varies with distance:

- Magnetic field due to an infinite straight wire:
\[
B = \frac{\mu_0 I}{2\pi r}
\]
Decay rate: inversely proportional to \( r \) (1/r).

- Magnetic field due to a finite straight wire (at a point perpendicular to
its midpoint):
\[
B = \frac{\mu_0 I}{4\pi r} (\sin \alpha_1 + \sin \alpha_2)
\]
Decay rate: approximately 1/r, but depends on the length and position.

- Magnetic field due to a long solenoid:
\[
B = \mu_0 n I
\]
Decay rate: approximately uniform inside; outside fields diminish rapidly
with distance, often approximated as negligible at large distances.

- Magnetic field of a bar magnet (dipole):
\[
B \propto \frac{\mu_0}{4\pi} \frac{2 M}{r^3}
\]
Decay rate: inversely proportional to \( r^3 \).

- Magnetic field of a point magnetic dipole:
\[
B = \frac{\mu_0}{4\pi} \frac{2 M}{r^3}



\]
Decay rate: 1/r^3.

The key takeaway: fields from different sources decay at different rates,
influencing their relative magnitudes at various distances.

---

Ranking Magnetic Fields at Different Distances

Given the above principles, the magnetic field strengths at a set of
distances can be ranked by considering their decay laws and the nature of the
source. Here, we analyze typical distances and sources to establish a general
hierarchy.

Scenario Setup

Suppose we are comparing the magnetic field values at various distances from
different sources:
- Close proximity (near the source): Typically, the fields are strongest
nearby.
- Farther distances: Fields diminish, with some faster than others depending
on their decay law.

To provide a concrete ranking, imagine the following typical distances from
various sources:

| Distance | Source Type | Approximate Decay Law | Notes |
|------------|--------------|------------------------|--------|
| \( r_1 \) (small, close) | Point dipole / bar magnet | \( \sim 1/r^3 \) |
Strongest near the source |
| \( r_2 \) (moderate) | Finite wire / small solenoid | \( \sim 1/r \) |
Larger than point dipole at the same distance |
| \( r_3 \) (large, far) | Infinite straight wire / long solenoid | \( \sim
1/r \) or nearly constant inside | Fields decay slowly or are nearly uniform
|

---

Detailed Analysis and Ranking

Based on the decay laws and typical magnitudes, the magnetic field strengths
can be ranked as follows:

1. Magnetic Field Near a Point Magnetic Dipole or Bar Magnet (Largest)



- Decay Law: \( \sim 1/r^3 \)
- Description:
A point magnetic dipole or a bar magnet produces a magnetic field that is
strongest at very close distances. The field diminishes rapidly with
increasing distance, but near the source, it is the most intense among
typical configurations.
- Implication:
At very small distances, the magnetic field from a dipole dominates because
of the \( 1/r^3 \) dependence, making it the largest at close range.

2. Magnetic Field at Moderate Distances from a Finite Straight Wire
- Decay Law: \( \sim 1/r \)
- Description:
The magnetic field produced by a finite wire (or a small segment of current-
carrying conductor) decreases inversely with distance. Although less intense
than the dipole at close range, it remains relatively significant at moderate
distances.
- Implication:
At distances greater than those near a dipole but still within the range
where the wire length matters, the magnetic field is weaker than the dipole's
but stronger than that from an infinitely long wire at the same distance.

3. Magnetic Field from an Infinite Straight Wire or Long Solenoid (Smallest
at Large Distances)
- Decay Law:
- Infinite wire: \( \sim 1/r \) (but effectively constant along its length)
- Long solenoid: nearly uniform inside, negligible outside at large distances
- Description:
The magnetic field from an infinitely long wire diminishes as \( 1/r \), but
because the field lines are straight and extend infinitely, the field at a
given point depends mainly on the proximity to the wire. For a long solenoid,
the magnetic field is uniform inside but drops off sharply outside.
- Implication:
At large distances, the magnetic field strength from an infinite wire is
generally weaker than that near a point dipole or a finite wire at comparable
distances, especially outside the solenoid.

---

Visualizing the Decay: Graphical Interpretation

To better understand the ranking, consider a logarithmic plot of magnetic
field strength versus distance:

- Point Dipole:
Slope of \(-3\) in log-log plot (steepest decay).
- Finite Wire / Small Solenoid:
Slope of \(-1\) (moderate decay).
- Infinite Wire / Long Solenoid:



Near constant inside; outside fields decay approximately as \(1/r\).

This visualization helps clarify why the magnetic field from a dipole
dominates at very close distances but diminishes faster than fields from
extended sources as the distance increases.

---

Practical Examples and Applications

Understanding the relative magnitudes is crucial in real-world situations:

- Magnetic resonance imaging (MRI):
The strongest magnetic fields are generated near the magnet's core (dipole-
like behavior). The spatial variation influences image resolution.

- Electromagnetic compatibility (EMC):
Fields from wires and conductors decay with distance, affecting interference
mitigation.

- Magnetic sensors:
Devices like Hall sensors measure fields close to sources where the field is
strongest.

- Design of magnetic shielding:
Knowing how fields decay guides the placement and material choice to shield
sensitive components.

---

Summary of Ranking

Based on the decay laws and typical magnitudes, the magnetic fields at a
given set of distances from their sources can be ranked as follows:

1. Closest to the source: Magnetic field of a point dipole or bar magnet
- Decays as \(1/r^3\), strongest at very close distances.
2. Moderate distances from a finite straight wire or small solenoid
- Decays as \(1/r\), still relatively strong.
3. Farther away from an infinite straight wire or long solenoid
- Fields diminish as \(1/r\) or become negligible outside the structure.

---



Conclusion: Implications and Key Takeaways

The ranking of magnetic field values from largest to smallest based on their
distance from the axis of their source hinges critically on the geometry of
the source and the decay laws. In practical terms:

- Point magnetic dipoles generate the strongest fields at very close
distances but decay rapidly.
- Finite straight wires and small solenoids produce comparatively weaker
fields at large distances but are significant at moderate ranges.
- Infinite wires and long solenoids tend to produce more uniform or slowly
diminishing fields, but their strength at large distances is relatively weak.

Understanding these relationships allows engineers, physicists, and designers
to predict magnetic field strengths accurately, optimize device placement,
and develop effective shielding or measurement strategies.

In essence, when ranking magnetic field values from largest to smallest by
distance, consider the source's geometry and the associated decay law. This
knowledge is foundational for both theoretical analysis and practical
applications in electromagnetism.
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