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Understanding the interaction between electric currents and magnetic fields is
fundamental in electromagnetism. When a wire carrying an electric current is placed
perpendicular to a magnetic field of a certain strength, intriguing phenomena occur, such
as the generation of force, torque, and electromagnetic induction. This article explores the
physics behind this interaction, providing a detailed explanation suitable for students,
engineers, and physics enthusiasts. We will discuss the fundamental principles,
mathematical formulations, practical applications, and common scenarios involving a
current-carrying wire perpendicular to a magnetic field, assuming a fixed length of the
wire.

Fundamental Concepts in Electromagnetism

Before delving into the specific case of a wire perpendicular to a magnetic field, it is
essential to understand the basic concepts involved:

Magnetic Fields

- Definition: A magnetic field is a vector field around magnetic materials and moving
electric charges within which magnetic forces are exerted.

- Representation: Magnetic fields are often represented by magnetic flux density (B),
measured in teslas (T).

- Sources: Magnetic fields can be generated by permanent magnets, electric currents, or
changing electric fields.

Electric Currents and Magnetic Fields

- Ampeére's Law: An electric current produces a magnetic field around the conductor, with
the field lines forming concentric circles around the wire.

- Right-Hand Rule: The direction of the magnetic field (B) around a current-carrying wire
can be determined using the right-hand rule: curl the fingers of your right hand around
the wire in the direction of the current (I), and your thumb points in the direction of the
magnetic field.



Lorentz Force on a Moving Charge

- A charged particle moving in a magnetic field experiences a force given by the Lorentz
force law:

\[
\vec{F} = q (\vec{v} \times \vec{B})
\]

where:

- g is the electric charge,

- v is the velocity of the charge,
- B is the magnetic flux density.

- For a current-carrying conductor, the force arises from the combined effect of magnetic
forces on individual moving charges within the conductor.

Force on a Current-Carrying Wire Perpendicular
to a Magnetic Field

The interaction between a current-carrying wire and a magnetic field is described by the
Lorentz force law extended to a current element:

Magnetic Force on a Current Element

- The differential force (dF) on a small element of wire carrying current I in a magnetic
field B is:

\[
d\vec{F} =1I (d\vec{l} \times \vec{B})
\]

where:
- d[] is a vector element of the wire in the direction of current,

- X denotes the cross product.

- When the entire wire is of fixed length L and is oriented perpendicular to the magnetic
field, the total force simplifies significantly.

Calculating the Force for a Perpendicular Arrangement



- If the wire of length L is perpendicular to the magnetic field B, the cross product reduces
to:

Xvec{F}l =ILB

\]

because sin(0) = 1 for 6 = 90°, where 6 is the angle between d[] and B.
- The direction of the force is given by the right-hand rule:

- Point your fingers in the direction of current I,

- Curl them toward the magnetic field B,
- Your thumb points in the direction of the force F.

Implications of the Force

- The force acts perpendicular to both the current and the magnetic field.

- This force can cause the wire to experience a mechanical deflection or motion.

- The magnitude of the force is directly proportional to the current, magnetic field
strength, and length of the wire.

Mathematical Formulation and Analysis

To analyze such a system rigorously, consider the following:

Parameters and Assumptions

- Length of wire: fixed at L

- Current: I flowing through the wire

- Magnetic field strength: B, uniform

- Orientation: The wire is perpendicular to B

Force Calculation

- The total magnetic force:

\[
\boxed{
F=ILB

}



\]

- Direction: Determined using the right-hand rule; for example, if I is along the x-axis and
B along the y-axis, the force will be along the z-axis.

Work Done and Energy Considerations

- When the magnetic force causes movement, work is done on the wire:

\[
W = F \times d
\]

where d is the displacement.

- In a static situation with no movement, the force merely causes tension or stress within
the wire.

Torque and Mechanical Effects

- If the wire is free to rotate or pivot, the magnetic force can produce a torque:

\[
\tau = F \times r
\]

where r is the lever arm or distance from the pivot point.

- This torque can lead to rotational motion, which is the basis for electric motors.

Practical Applications and Examples

The interaction between a current and magnetic field finds numerous applications across
various fields:

Electromagnetic Motors

- Electric motors operate on the principle that a current-carrying wire in a magnetic field
experiences a force, producing rotational motion.

- A typical motor consists of coils of wire (armature) in a magnetic field, where the forces
generate torque, turning electrical energy into mechanical work.



Galvanometers and Sensors

- Devices like galvanometers use this principle to measure small currents based on the
deflection of a needle or coil in a magnetic field.

Magnetic Levitation and Propulsion

- High-speed trains and maglev systems utilize magnetic forces generated by current-
carrying wires or coils in magnetic fields to achieve levitation and propulsion.

Force Calculation Example

Suppose a copper wire of length 2 meters carries a current of 3 A, placed perpendicular to
a magnetic field of 0.5 T.

- The force exerted on the wire:

\[
F =1L B = 3 \times 2 \times 0.5 = 3\, \text{N}
\]

- The force acts perpendicular to both the wire and magnetic field directions, causing
potential motion or mechanical work.

Factors Affecting the Interaction

While the simplified case assumes ideal conditions, real-world scenarios involve additional
considerations:

Angle Between Wire and Magnetic Field

- The force varies with the sine of the angle 6 between d[] and B:

\[
F =1L B\sin \theta

\]

- When the wire is not perpendicular, the force decreases proportionally.



Magnetic Field Non-Uniformity

- Variations in B along the length of the wire can affect force calculations and device
performance.

Material Properties and Mechanical Constraints

- The wire's material influences its strength and capacity to withstand forces without
deformation or failure.

Conclusion

Understanding the behavior of a wire carrying current I in a magnetic field of strength B,
assuming a fixed length and perpendicular orientation, is crucial in the study of
electromagnetism. The force exerted on the wire, given by F = I L B, exemplifies the
fundamental interaction between electricity and magnetism, serving as the basis for
numerous technological innovations such as electric motors, sensors, and magnetic
levitation systems. Recognizing how factors like angle, magnetic field uniformity, and
material properties influence this interaction enables engineers and scientists to design
more efficient devices and deepen our understanding of electromagnetic phenomena.
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Frequently Asked Questions

What is the force experienced by a current-carrying wire
perpendicular to a magnetic field?

The force is given by F = I L B sin 6, which simplifies to F = I L B when the wire is
perpendicular (6 = 90°).

How does the direction of the magnetic force relate to
the current and magnetic field?

Using the right-hand rule, the force on the wire is perpendicular to both the current
direction and the magnetic field, following the rule: thumb in the direction of current,



fingers in the direction of magnetic field, palm points in the force direction.

What happens to the force if the magnetic field strength
B increases?

The magnetic force on the wire increases proportionally with B, since F =1L B for a
perpendicular arrangement.

Does the length of the wire affect the magnetic force
experienced?

Yes, the force is directly proportional to the length L of the wire, so longer wires
experience greater force under the same current and magnetic field.

Can the magnetic force do work on the wire?

No, the magnetic force is always perpendicular to the direction of current and does not do
work; it only changes the direction of the wire's motion or induces motion if the wire is
free to move.

What is the significance of the wire being fixed in
length in this scenario?

Assuming a fixed length simplifies the calculation, as the magnetic force depends only on
the current, magnetic field, and length, without concern for changes in the wire's
geometry.

Additional Resources

A Wire Carrying Current I [s Perpendicular To A Magnetic Field Of Strength B. Assuming
A Fixed Length

In the realm of electromagnetism, the interaction between electric currents and magnetic
fields is both fundamental and fascinating. One of the most illustrative scenarios involves a
straight wire carrying a current \( I \), positioned perpendicular to an external magnetic
field \( B'\). Under the assumption that the wire has a fixed length, this setup provides a
clear window into the principles governing magnetic forces, induced voltages, and their
myriad applications. This article delves into the physics underlying this configuration,
exploring the forces at play, the mathematical relationships, and practical implications
that stem from such interactions.

The Fundamental Principles of Magnetic Force on a Current-Carrying Wire

The Lorentz Force Law and Its Application to Current-Carrying Conductors



At the heart of the interaction between a current-carrying wire and a magnetic field lies
the Lorentz force law. It states that a charged particle moving in a magnetic field
experiences a force perpendicular to both its velocity and the magnetic field:

\[
\mathbf{F} = q \mathbf{v} \times \mathbf{B}
\]

Where:

-\( g ) is the charge,

-\(\mathbf{v} \) is the velocity of the charge,
-\( \mathbf{B} \) is the magnetic field.

In a conductor, this effect translates to a force on the entire current-carrying wire. Since
electrons drift through the conductor, each charged particle experiences this force,
resulting in a net force on the wire as a whole.

Applying to a wire: When a steady current \( I\) flows through a wire of length \( L \),
placed in a magnetic field \( B \), the total magnetic force \( \mathbf{F} \) on the wire is
given by:

\[
\mathbf{F} = I \mathbf{L} \times \mathbf{B}
\]

Where:

-\( \mathbf{L} \) is the vector length of the wire in the direction of current flow,
-\( \mathbf{L}| =L)\),

- The direction of \( \mathbf{F} \) is given by the right-hand rule.

Analyzing the Setup: Perpendicular Orientation and Fixed Length
Orientation and Its Implications
In our scenario, the wire is oriented perpendicular to the magnetic field \( B \). This

configuration simplifies the analysis because the angle \( \theta \) between \( \mathbf{L} \)
and \( \mathbf{B} \) is 90°, and the cross product simplifies:

\[
[\mathbf{F}| = I L B \sin \theta
\]

Given \( \theta = 90" \circ \), \( \sin 90™\circ = 1), thus:
\[

F=ILB

\]

Key points:



- The force is maximized when the wire is perpendicular to \( B ).
- The direction of the force is perpendicular to both the current direction and the magnetic
field, following the right-hand rule.

Fixed Length Assumption

Considering the length \( L \) of the wire as fixed means the physical extent of the wire in
the magnetic field remains constant during analysis. This assumption is crucial because it:

- Simplifies calculations, avoiding complications arising from variable lengths or
deformation.

- Allows focus on the force magnitude and direction without considering dynamic changes
in the wire's geometry.

Mathematical Derivations and Physical Insights
Calculating the Magnetic Force

Given the parameters:
- Current \(I\)

- Magnetic field \( B \)
- Fixed length \( L \)

The magnitude of the force experienced by the wire is:

\[
F=ILB
\]

Direction of Force:

- Determined by the right-hand rule.

- For a wire carrying current upward in a magnetic field pointing into the page, the force
will be directed to the left or right depending on the current's direction.

This force can be significant, especially in high-current applications, and can cause the
wire to move or experience mechanical stress.

Impact of the Force: Mechanical and Electromagnetic Consequences

- Mechanical motion: The force can cause the wire to move or vibrate if free to do so.

- Magnetic torque: If the wire is part of a loop or mounted on a pivot, the force creates
torque, leading to rotational motion.

- Induced EMF: Movement of the wire in a magnetic field (or vice versa) can induce an
electromotive force (EMF), as explained in Faraday's law.

Practical Applications and Real-World Examples



Electric Motors and Actuators

The fundamental force described forms the basis of many electromechanical devices:

- DC Motors: Rotating conductors in magnetic fields produce continuous torque, turning
electrical energy into mechanical work.

- Loudspeakers: Coil conductors move within magnetic fields, converting electrical signals
into sound.

Magnetic Force Measurements

By measuring the force on a known length of wire carrying a known current in a magnetic
field, engineers can:

- Determine magnetic field strength \( B \).

- Calibrate magnetometers.

- Study material properties.

Magnetic Levitation and Suspension

While more complex, understanding the force on a current-carrying conductor is essential

in designing systems where magnetic forces suspend or control objects without contact,
such as in maglev trains.

Limitations and Considerations

Influence of Other Factors

- Wire material: Resistance and mechanical strength influence how the wire responds to
forces.

- Field uniformity: Non-uniform magnetic fields complicate force calculations.

- Dynamic effects: If the wire moves, changing magnetic flux induces EMF and currents
(Faraday's Law).

Safety and Design Constraints

In high-current or high-field environments, forces can be substantial, leading to:

- Mechanical failure,

- Unintended motion,

- Safety hazards.

Designers must account for these forces to ensure durability and safety.

Extending the Analysis: Beyond the Fixed Length

While the fixed-length assumption simplifies initial analysis, real-world systems often



involve:

- Variable lengths (e.g., rotating arms),
- Non-perpendicular orientations,
- Time-varying magnetic fields.

These complexities require more advanced models, incorporating dynamics,
electromagnetic induction, and materials science.

Conclusion

The interaction between a current-carrying wire and a magnetic field exemplifies the
elegant interplay of electricity and magnetism. When a wire carrying current \( I'\) is
perpendicular to a uniform magnetic field \( B \), the resulting force \( F =1 L B\) acts
perpendicular to both the current and the magnetic field. This fundamental principle
underpins countless technologies, from electric motors to magnetic sensors.
Understanding the physics, mathematical relationships, and practical implications of this
setup not only enriches our grasp of electromagnetism but also paves the way for
innovations that harness these forces in everyday life. As technology advances, the
importance of mastering these interactions continues to grow, unlocking new possibilities
in engineering, transportation, and beyond.
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