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Understanding the magnetic field produced by current-carrying conductors is
fundamental in electromagnetism. When a very long, straight, thin wire
carries a steady current, it generates a magnetic field that influences
nearby charged particles, such as electrons. In this article, we explore the
magnetic effects experienced by an electron located 2.0 centimeters from a
wire carrying a 10-ampere current. We will delve into the physics principles
involved, the calculations necessary to quantify the magnetic field and
force, and the practical implications of these phenomena.

Magnetic Field Around a Long Straight Current-
Carrying Wire

The magnetic field created by a long, straight wire carrying a steady current
is well described by Ampere's Law and the Biot-Savart Law. These fundamental
principles allow us to analyze the magnetic environment around the wire and
predict the behavior of charged particles in its vicinity.

The Biot-Savart Law and Magnetic Field Expression

The Biot-Savart Law states that the magnetic field \( \mathbf{B} \) at a
point in space due to a small segment of current-carrying conductor is
proportional to the current \( I \), the length element \( d\mathbf{l} \),
and inversely proportional to the square of the distance \( r \):

\ [

d\mathbf{B} = \frac{\mu 0}{4\pi} \frac{I\, d\mathbf{l} \times
\hat{\mathbf{r}}}{r"2}

\1

For an infinitely long, straight wire, this reduces to a simpler expression
for the magnitude of the magnetic field at a distance \( r \):

\ [
B = \frac{\mu 0 I}{2 \pi r}



\]

where:

- \( \mu 0 \) is the permeability of free space (\( 4\pi \times 10°{-7} \,
\text{T}\cdot\text{m/A} \)),

- \( I \) is the current in amperes,

- \( r \) is the perpendicular distance from the wire in meters.

Calculating the Magnetic Field at 2.0 Cm from
the Wire

Given:
- \( I =10\, \text{A} \)
- Distance \( r = 2.0\, \text{cm} = 0.02\, \text{m} \)

Using the formula:

\ [
B = \frac{\mu_0 I}{2 \pi r}
\1

Substituting the values:

\ [
B = \frac{(4\pi \times 107{-7}) \times 10}{2 \pi \times 0.02}
\1]

Simplify numerator and denominator:

\ [
B = \frac{4\pi \times 107{-6}}{2 \pi \times 0.02}
\1

Cancel \( \pi \):

\ [

B = \frac{4 \times 10"{-6}}{2 \times 0.02}
\1]

Simplify denominator:

\ [
2 \times 0.02 = 0.04

\1]

Thus:



\ [
B = \frac{4 \times 107{-6}}{0.04} = 1 \times 10°{-4}\, \text{T}
\1]

Expressed in microteslas:

\ [
B = 100\, \mu\text{T}
\]

Conclusion: The magnetic field at a point 2.0 centimeters from the wire is
approximately 100 microteslas.

Force on an Electron in the Magnetic Field

The magnetic field alone does not do work on the electron; rather, it exerts
a force perpendicular to the electron's velocity, leading to circular or
helical motion. The force experienced by a moving charge in a magnetic field
is given by the Lorentz force:

\ [
\mathbf{F} = g \mathbf{v} \times \mathbf{B}
\1

where:

- \( g \) is the charge of the electron (\( -1.6 \times 10°{-19} \, \text{C}
\)),

- \( \mathbf{v} \) is the velocity vector of the electron,

- \( \mathbf{B} \) is the magnetic field vector.

Calculating the Magnetic Force

Suppose the electron has a velocity \( v \) perpendicular to the magnetic
field:

\ [
F=|q|] vB
\1

Using:

- \( |q| = 1.6 \times 107{-19} \, \text{C} \),

- \( B = 100\, \mu\text{T} = 1 \times 107{-4}\, \text{T} \),

- \( v \) (assuming an initial velocity, e.g., \( 1076\, \text{m/s} \)).

Calculating:



\ [

F = (1.6 \times 107{-19}) \times (1076) \times (1 \times 10"{-4}) = 1.6
\times 107{-17}\, \text{N}

\1]

This force causes the electron to undergo circular motion with a radius \(
rc\):

\ [
r ¢ = \frac{m v}{|q| B}
\1]

where:
- \( m\) is the mass of the electron (\( 9.11 \times 107{-31}\, \text{kg}
\)).

Substituting:

\ [

r ¢ = \frac{9.11 \times 107{-31} \times 1076}{1.6 \times 107{-19} \times 1
\times 107{-4}} \approx 5.7\, \text{mm}

\1

Implication: An electron moving at \( 1076\, \text{m/s} \) perpendicular to
the magnetic field will follow a circular path of radius approximately 5.7 mm
around the wire, illustrating how magnetic fields can influence charged
particle trajectories.

Factors Influencing Electron Behavior Near the
Wire

Understanding how electrons behave in the magnetic environment of a current-
carrying wire involves several factors:

1. Electron Velocity

- The magnitude and direction of the electron's velocity determine the force
magnitude and the resulting trajectory.

- Electrons with higher velocities experience greater forces and have larger
circular paths.

2. Magnetic Field Orientation

- The direction of the magnetic field relative to the electron's velocity



influences the force direction, as per the right-hand rule.
- For electrons (negative charges), the force direction is opposite to that
predicted by the right-hand rule for positive charges.

3. Electric Fields and Other Factors

- Electric fields near the wire can accelerate or decelerate electrons,
affecting their velocities and trajectories.

- External influences such as magnetic materials, surrounding conductors, and
environmental conditions can modify the magnetic field pattern.

4. Distance from the Wire

- The magnetic field strength decreases with increasing distance (\( B
\propto 1/r \)), affecting the magnitude of the force experienced by the
electron.

Practical Applications and Implications

The principles governing the magnetic field around a current-carrying wire
and its effect on nearby electrons have numerous practical applications:

1. Electromagnetic Devices

- Transformers, electric motors, and generators rely on magnetic fields
generated by currents in conductors.

- Understanding electron behavior aids in designing efficient electromagnetic
devices.

2. Magnetic Field Mapping and Sensing

- Devices such as Hall sensors utilize magnetic fields to measure current or
magnetic influences.
- Precise calculations of magnetic fields enable accurate sensor design.

3. Particle Accelerators and Plasma Physics

- Magnetic fields are used to steer and accelerate charged particles in
accelerators.

- Knowledge of electron trajectories helps optimize beam paths and
confinement.



4. Electromagnetic Compatibility and Safety

- Strong magnetic fields near high-current conductors can affect electronic
devices and pose safety hazards.

- Proper shielding and design considerations are essential in electrical
infrastructure.

5. Magnetic Levitation and Propulsion

- Magnetic fields generated by currents enable levitation and propulsion
systems, such as maglev trains.

- Understanding the interaction between currents and magnetic fields is key
to advancing such technologies.

Summary and Key Takeaways

- A very long, straight, thin wire carrying 10 A produces a magnetic field of
approximately 100 microteslas at a distance of 2.0 cm.

- An electron at this location experiences a magnetic force dependent on its

velocity and the magnetic field, resulting in circular or helical motion.

- The radius of such motion for an electron moving at \( 1076\, \text{m/s} \)
is around 5.7 mm.

- Multiple factors, including electron velocity, magnetic field orientation,

and environmental influences, affect the behavior of electrons near current-

carrying wires.

- These principles underpin a wide range of technological applications, from

electric motors to particle physics research.

By thoroughly understanding these magnetic interactions, engineers and
physicists can better design devices that harness electromagnetic forces
effectively and safely.

Frequently Asked Questions

What is the magnetic field strength at a point 2.0
cm from a long straight wire carrying a 10 A
current?

Using Ampere's Law, the magnetic field B = (pe I) / (2m r). Substituting pe =
4 x 10-7 T-m/A, I =10 A, and r = 0.02 m, we get B = 1.0 x 10-* T or 100 puT.



How does the magnetic field change if the electron
moves closer to the wire, say at 1.0 cm instead of
2.0 cm?

The magnetic field strength doubles when the electron moves from 2.0 cm to
1.0 cm, since B « 1/r. At 1.0 cm, B = 2.0 x 10-% T.

What is the direction of the magnetic field at the
electron's location?

Using the right-hand rule, if the current flows in the wire, the magnetic
field at the electron's position circles around the wire. The direction
depends on the current direction and the position relative to the wire.

What is the force experienced by the electron at 2.0
cm from the wire?

The magnetic force F = qvBsin®. Without the electron's velocity, the force
can't be precisely calculated, but if the electron moves perpendicular to the
magnetic field, F = qvB. For typical electron speeds, this could be
calculated once v is known.

How does the magnetic field affect the motion of the
electron near the wire?

The magnetic field exerts a Lorentz force perpendicular to the electron's
velocity, causing the electron to undergo circular or spiral motion depending
on its initial velocity and position.

What is the significance of the 2.0 cm distance in
the context of magnetic field strength?

The 2.0 cm distance determines the magnitude of the magnetic field
experienced by the electron, with closer proximity resulting in a stronger
magnetic field and a greater force on the electron.

If the current in the wire increases to 20 A, how
does the magnetic field at 2.0 cm change?

The magnetic field doubles because B « I. At 20 A, B = 2.0 x 10-4 T.

What is the impact of the electron's charge and
velocity on the magnetic force at this location?

The magnetic force depends on the electron's charge (-1.6 x 10-®° C) and its
velocity perpendicular to the magnetic field. Higher velocity results in a



larger force; the negative charge determines the force direction.

How can the magnetic field at this point be
experimentally measured?

The magnetic field can be measured using a magnetometer or a Hall probe
placed at the specified distance from the wire, ensuring minimal disturbance
to the field.

What practical applications involve magnetic fields
generated by long straight wires with currents like
10 A?

Such magnetic fields are used in electromagnets, magnetic resonance imaging
(MRI), electric motors, and inductive sensors, where controlled magnetic
fields are essential.
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A Very Long Straight Thin Wire Carries A Current Of 10 A. Imagine An Electron
At A Location 2.0 Cm From a Current-Carrying Wire: An In-Depth Exploration of
Magnetic Fields and Electron Dynamics

Introduction

The interplay between electric currents and magnetic fields is a cornerstone
of electromagnetism, a fundamental branch of physics that underpins countless
technological innovations. When a thin, straight wire conducts a current, it
produces a magnetic field around it—a phenomenon described elegantly by
Ampére's law. This magnetic field exerts forces on charged particles, such as
electrons, which are in proximity to the wire. Understanding how an electron
behaves when placed near a current-carrying wire is vital not only in
theoretical physics but also in practical applications like magnetic sensors,
electric motors, and particle accelerators.

This article delves into the scenario of a very long, straight, thin wire
carrying a current of 10 A, with a focus on the magnetic environment
experienced by an electron located 2.0 centimeters from the wire. We will
explore the origin and characteristics of the magnetic field generated by the
wire, analyze the forces acting on the electron, and discuss the broader
implications of these phenomena.

The Magnetic Field of a Long Straight Wire



Fundamental Principles

At the heart of understanding the magnetic influence of a current-carrying
wire lies Ampére's law, which relates the magnetic field to the current
producing it. For an infinitely long, straight wire, the magnetic field is
cylindrically symmetric and depends solely on the distance from the wire.

The magnitude of the magnetic field \( B \) at a distance \( r \) from the
wire is given by:

\ [

B = \frac{\mu 0 I}{2\pi r}
\1

where:

- \( \mu 0 = 4\pi \times 10°{-7} \, \mathrm{T \cdot m/A} \) is the
permeability of free space,

- \( I \) is the current in amperes,

- \( r \) is the radial distance from the wire in meters.

Calculation of the Magnetic Field at 2.0 cm

Given:

10\, \mathrm{A} \)

(I ,
r 2.0\, \mathrm{cm} = 0.02\, \mathrm{m} \).

-\
- \(

Applying the formula:

\ [

B = \frac{(4\pi \times 107{-7}) \times 10}{2\pi \times 0.02} = \frac{4\pi
\times 10"{-6}}{2\pi \times 0.02}

\1]

Simplify numerator and denominator:

\ [

B = \frac{4 \pi \times 107{-6}}{2 \pi \times 0.02} = \frac{4 \times
107{-6}}{2 \times 0.02} = \frac{4 \times 10"{-6}}{0.04}

\1

Calculating:

\ [
B = \frac{4 \times 10"{-6}}{4 \times 107{-2}} = 10~{-4} \, \mathrm{T}
\1

or

\ [



\boxed{

B \approx 1.0 \times 10°{-4} \, \mathrm{T}
}

\1

This magnetic field, although seemingly small in magnitude, can have
significant effects on charged particles in its vicinity.

Direction of the Magnetic Field

Applying the Right-Hand Rule

The magnetic field lines around a current-carrying wire form concentric
circles. The direction of the magnetic field at a point is determined using
the right-hand rule:

1. Point the thumb of your right hand in the direction of the current (say,
upwards along the wire).

2. Curl your fingers around the wire.

3. The direction your fingers curl indicates the magnetic field lines.

At the position of the electron, which is 2.0 cm from the wire, the magnetic
field vector points tangentially around the wire.

Implications of Direction

If the wire's current flows upward:

- At a point to the right of the wire, the magnetic field points into the
plane (or page).

- At a point to the left, it points out of the plane.

Knowing the magnetic field's direction is essential for understanding the
forces acting on the electron, which are governed by the Lorentz force law.

The Electron: Location and Behavior

Initial Conditions

Imagine an electron placed at a point 2.0 cm from the wire. The electron,
being negatively charged (\( g = -1.6 \times 107{-19} \, \mathrm{C} \)),
experiences a magnetic force when in the magnetic field generated by the
wire.

Magnetic Force on the Electron

The Lorentz force law states:



\ [
\vec{F} = g \vec{v} \times \vec{B}
\1]

where:

- \( \vec{F} \) is the force,

- \( g \) is the charge of the electron,

-\ ( \vec{v} \) is the velocity vector of the electron,
- \( \vec{B} \) is the magnetic field vector.

If the electron is initially at rest, it will not experience a magnetic force
directly because magnetic forces act on moving charges. However, any initial
velocity or external electric fields could set the electron in motion,
leading to magnetic interaction.

Considering Electron Motion

Suppose the electron is initially at rest, and an external electric field
(say, from a biasing potential) accelerates it toward the wire or in some
specified direction. Once in motion, the electron's trajectory will be
influenced by the magnetic field.

Dynamics of the Electron in the Magnetic Field
Force Magnitude Calculation

Assuming the electron attains a velocity \( v \), the magnitude of the
magnetic force is:

\[
= |gq|] v B \sin \theta
\]

where \( \theta \) is the angle between the velocity vector and the magnetic
field.

- If \( v \) is perpendicular to \( \vec{B} \), then \( \sin \theta =1 \),
and the force is maximized.

Electron's Trajectory: Circular Motion

The magnetic force acts as a centripetal force, causing the electron to
undergo circular motion if it maintains a velocity perpendicular to the
magnetic field:

\ [
= \frac{m v*2}{r c}
\1]



where:
- \( m\) is the electron mass (\( 9.11 \times 107{-31} \, \mathrm{kg} \)),
- \( r_c \) is the radius of the electron's circular path.

From the force balance:

\ [
lg] v B = \frac{m v*2}{r c}
\1]

which simplifies to:

\ [
r ¢ = \frac{m v}{|q| B}
\1]

This relation indicates that the radius of the trajectory depends on the
electron's speed and the magnetic field magnitude.

Numerical Example
Suppose the electron has a velocity of \( v = 1076 \, \mathrm{m/s} \):

\ [

r ¢ = \frac{9.11 \times 107{-31} \times 1076}{1.6 \times 107{-19} \times 1.0
\times 10"{-4}} \approx \frac{9.11 \times 10"{-25}}{1.6 \times 107{-23}}
\approx 0.057 \, \mathrm{m}

\1

or approximately 5.7 centimeters.

This calculation reveals that the electron's path would be a circle of radius
roughly 5.7 cm under these conditions, which is larger than the 2.0 cm
distance from the wire, indicating that the electron's motion would be curved
but not confined very tightly.

Broader Implications and Applications
Magnetic Field Influence in Practical Devices

Understanding the magnetic interactions near current-carrying wires is
critical in designing and operating a host of devices:

- Magnetic Sensors: Devices like Hall probes utilize magnetic fields to
measure current or magnetic flux.

- Electric Motors: Magnetic fields generated by currents induce forces on
conductors, converting electrical energy into mechanical motion.

- Particle Accelerators: Precise magnetic fields steer and focus electron



beams.
- Electromagnetic Compatibility: Knowing how nearby currents can influence
electron behavior helps mitigate interference in electronic circuits.

Safety Considerations

High currents in wires produce stronger magnetic fields, which can influence
nearby electronic components or pose health risks in certain scenarios.
Proper shielding and spatial arrangements are essential to prevent unintended
interactions.

Theoretical and Experimental Significance
Confirming Electromagnetic Laws

Experiments involving electrons near current-carrying wires serve as
practical validations of Maxwell's equations and the Lorentz force law. They
also underpin the development of technologies such as magnetic resonance
imaging (MRI), where controlled magnetic fields manipulate electron spins.

Exploring Quantum Effects

At microscopic scales, magnetic fields influence quantum phenomena such as
the Aharonov-Bohm effect, demonstrating the profound impact of magnetic
potentials on electron wavefunctions, even in regions where magnetic fields
are negligible.

Conclusion

The scenario of an electron positioned 2.0 centimeters from a long, thin wire
carrying a 10 A current encapsulates fundamental principles of
electromagnetism. From calculating the magnetic field to analyzing the forces
acting on the electron, each step reveals the intricate dance between
electric currents and charged particles. While the magnetic field at this
distance is modest in magnitude, its influence on electron
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