The Drawing Shows Two Perpendicular, Long,
Straight Wires, Both Of Which Lie In The Plane Of
The Paper.

The Drawing Shows Two Perpendicular, Long, Straight Wires, Both Of Which Lie In The Plane Of The
Paper. This classic diagram is often used in physics to illustrate fundamental principles of electromagnetism,
specifically the magnetic fields produced by current-carrying conductors and their interactions.
Understanding the behavior of these wires and their respective magnetic fields is crucial for students and
professionals working in electrical engineering, physics, and related fields. In this article, we will explore

the details of such a setup, its significance, the underlying physics principles, and practical applications.

Understanding the Setup: Two Perpendicular Long Conductors

Description of the Diagram

The diagram depicts two infinitely long, straight wires intersecting at right angles within the same plane,
which is also the surface of the paper. Typically, each wire carries an electric current, which can be in the
same or opposite directions. The wires are often labeled as Wire 1 and Wire 2, with their respective

currents denoted as I; and L.

Key features of the setup include:

- Both wires are in the plane of the paper.

- They intersect at a point, often taken as the origin of the coordinate system.

- The wires extend infinitely in both directions, simplifying the analysis by neglecting edge effects.

- The currents may be directed either into or out of the plane, indicated by symbols such as dots () for out

of the plane and crosses (x) for into the plane.

Coordinate System and Orientation

To analyze the magnetic interactions, it’s essential to establish a coordinate system. Typically:
- Wire 1 might lie along the x-axis, extending from left to right.

- Wire 2 might lie along the y-axis, extending from bottom to top.

- The point where they intersect is at the origin (0,0).

- Currents I and I, are assigned directions along their respective wires.



This configuration allows us to analyze the magnetic field vectors at various points in the plane and observe

how they interact.

Magnetic Fields Produced by Current-Carrying Wires

Biot-Savart Law and Magnetic Field Calculation

The foundation of understanding magnetic fields around straight conductors is the Biot-Savart Law, which
states that the magnetic field \( \vec{B} \) at a point due to a small segment of current-carrying wire is

proportional to the current and inversely proportional to the distance from the segment to the point:

\

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

\

Where:

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

-\(I\) is the current in the wire.

- \(d\vec{l} \) is the differential length element of the wire.

- \( \hat{r} \) is the unit vector from the wire element to the point of observation.
- \(

r \) is the distance from the wire element to the point.

For infinitely long, straight wires, the magnetic field at a point located perpendicular to the wire at a

distance \( r \) is given by Ampere’s Law as:

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

\]

Directionally, the magnetic field encircles the wire according to the right-hand rule: if the thumb points in

the direction of current, the fingers curl around the wire, indicating the magnetic field direction.

Magnetic Field Directions for the Two Wires

Applying the right-hand rule:
- For Wire 1 along the x-axis:
- If current I; flows in the positive x-direction, the magnetic field at a point above the wire circles

counterclockwise around the wire.



- At points in the first quadrant (above and to the right), the magnetic field points into or out of the plane

depending on the current direction.

- For Wire 2 along the y-axis:
- Similar logic applies, with the magnetic field circling around the wire in a manner consistent with the

right-hand rule.

Since both wires lie in the same plane, their magnetic fields can superimpose, leading to complex field

patterns, which are critical in understanding electromagnetic interactions and forces.

Interaction of Magnetic Fields and Forces

Magnetic Force Between Two Wires

When currents flow through two parallel or perpendicular wires, they generate magnetic fields that can
exert forces on each other. The force per unit length \( \frac{F}{1} \) between two long, straight wires is

given by:

\
\frac{F }{1} = \frac{\mu_0}{2\pi} \frac{I_1 [_2}{r}

\]

where \( r \) is the shortest distance between the wires.

In the case of perpendicular wires:
- The force calculation becomes more complex because the magnetic fields are not aligned parallelly.
- Each wire experiences a force due to the magnetic field created by the other wire, which can be

calculated using the Lorentz force law:

\

\vec{F} =1\, \vec{l} \times \vec{B}

\]

- The direction of the force depends on the direction of the current and the magnetic field.

Force Direction and Nature (Attraction or Repulsion)

Using the right-hand rule:



- If both currents flow in the same direction, the wires attract each other.

- If currents flow in opposite directions, the wires repel each other.

In the perpendicular configuration:
- The forces tend to align the wires in a way that minimizes the system’s energy, often resulting in a

tendency for the wires to move toward or away from each other, depending on current directions.

Practical Applications and Significance

Electromagnetic Devices and Circuits

Understanding the magnetic interactions between perpendicular wires is fundamental in designing various
electromagnetic devices, including:

- Transformers

- Electric motors

- Magnetic sensors

- Inductive couplers

In electric motors, for example, coils are arranged perpendicularly to generate magnetic fields that produce

torque and rotational motion.

Magnetic Field Mapping and Visualization

The drawing serves as an excellent visual aid for:
- Mapping magnetic field lines
- Visualizing the superposition of fields

- Analyzing the net magnetic field at various points

Tools like magnetic field plots and computer simulations help in visualizing the complex interactions

depicted in the diagram.

Electromagnetic Interference and Shielding

In practical scenarios, understanding how magnetic fields from different conductors interact helps in:
- Designing shielding to prevent electromagnetic interference

- Ensuring safety in electrical systems



- Minimizing unwanted magnetic coupling between components

Advanced Concepts Related to the Diagram

Force Calculation at a Point

To determine the net force on a wire in the presence of another, one can:
- Calculate the magnetic field produced by one wire at the location of the other.

- Use the Lorentz force law to find the force experienced.

Effect of Current Directions

The relative directions of currents significantly influence the nature of forces:

- Same direction: attractive force

- Opposite directions: repulsive force

- Perpendicular currents: complex interactions that can be decomposed into components using vector

analysis

Magnetic Field Superposition Principle

The total magnetic field at any point in the plane is the vector sum of the fields produced by each wire

individually. This principle simplifies the analysis of complex arrangements involving multiple conductors.

Conclusion: Significance of the Diagram in Physics and

Engineering

The drawing of two perpendicular, long, straight wires lying in the plane of the paper is not just a simple
illustration but a gateway to understanding fundamental electromagnetic phenomena. It encapsulates key
concepts such as magnetic field generation, superposition, forces between currents, and the principles
underlying many practical devices. Mastery of these concepts enables engineers and physicists to design
efficient electrical systems, develop new technologies, and deepen our understanding of electromagnetic
interactions. Whether in academic studies, research, or practical applications, this diagram remains a

foundational visual aid for comprehending and analyzing magnetic fields and forces in complex systems.



Frequently Asked Questions

What is the significance of the two perpendicular, straight wires lying in
the plane of the paper?

They are used to analyze magnetic fields and forces resulting from currents flowing through perpendicular

conductors, illustrating electromagnetic interactions in a plane.

How does the magnetic field pattern look around two perpendicular, long

straight wires?

The magnetic field lines form concentric circles around each wire, and their superposition creates a

combined field pattern that varies in space, especially at the intersection point.

What is the direction of the magnetic field produced by each wire at the
intersection point?

Using the right-hand rule, the magnetic field around each wire is tangent to the circles centered on that

wire, with directions depending on the current flow direction—clockwise or counterclockwise.

How do the currents in the two wires affect the net magnetic field at the

intersection?

If the currents flow in the same direction, the magnetic fields reinforce or oppose each other depending on
the location; if they flow in opposite directions, the fields interact differently, affecting the resultant field

strength and direction.

‘What happens to the force between the two wires when currents are in

the same direction?

The wires attract each other due to the magnetic forces generated by the currents flowing in the same

direction, according to Ampere's force law.

How can the drawing be used to determine the force on a small test

charge placed near the intersection?

By analyzing the magnetic field vectors at the point of interest, one can apply the Lorentz force law to find

the force experienced by a moving charge in the combined magnetic field.



Why is it important that both wires lie in the plane of the paper in this
drawing?

Placing both wires in the same plane simplifies the visualization of their magnetic fields and interactions,

making it easier to analyze the spatial relationships and resultant forces.

‘What real-world applications can be understood from this drawing of two

perpendicular wires?

This setup helps in understanding electromagnetic interactions in electrical devices like transformers,

inductors, and magnetic sensors, where multiple conductors interact within a plane.

Additional Resources

The Drawing Shows Two Perpendicular, Long, Straight Wires, Both Of Which Lie In The Plane Of The
Paper

In the realm of electromagnetism, visual representations such as diagrams and drawings serve as critical
tools to understand the complex interactions between electric currents and magnetic fields. One such
fundamental illustration is the depiction of two long, straight wires arranged perpendicularly within a
plane. While seemingly simple, this configuration encapsulates core principles governing magnetic fields,
forces, and the behavior of current-carrying conductors. In this article, we delve into the detailed physics
underlying this setup, exploring the magnetic fields produced, the interactions between the wires, and the

broader implications in electromagnetic theory and practical applications.

Understanding the Basic Setup: The Perpendicular Wires in the

Plane

Visual Description and Context

Imagine a two-dimensional drawing on a sheet of paper: two lengthy, straight wires intersecting at a right
angle, each lying flat within the plane of the paper. One wire extends horizontally from left to right—let's
label it Wire A—while the other runs vertically from top to bottom—Wire B. Both wires are infinitely

long in the idealized sense, simplifying the analysis by neglecting edge effects.



This configuration forms a right-angled intersection, with the wires positioned at a common point—say, the
origin—and extending infinitely in both directions for theoretical purposes. Such an arrangement is
frequently used in physics textbooks and examination problems to illustrate fundamental electromagnetic

concepts, particularly the magnetic fields generated by currents and the forces they exert on each other.

Physical Significance and Real-World Analogues

Although idealized, the perpendicular wire configuration has real-world relevance:

- Magnetic field interactions in circuit wiring: Understanding how currents in nearby conductors influence
each other is crucial for circuit design and electromagnetic compatibility.

- Electromagnetic devices: Components such as transformers, inductors, and sensors often involve
arrangements where conductors are oriented perpendicularly.

- Educational tools: This simple model helps students visualize magnetic field lines and forces, laying the

groundwork for more complex electromagnetic phenomena.

Magnetic Fields Produced by the Wires

Biot-Savart Law and Magnetic Field Calculation

The magnetic field generated by a current-carrying wire is described by the Biot-Savart Law, which states
that the magnetic field \( \vec{B} \) at a point in space is proportional to the current \( I \) and depends on

the position relative to the wire:

\

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

\]
where:

\mu_0 \) is the permeability of free space,
d\vec{l} ) is a differential element of the wire,

\hat{r} \) is the unit vector from the element to the observation point,

- \(
- \(
- \(
-\(r\) is the distance between the element and the point.

For infinitely long straight wires, the magnetic field at a point perpendicular to the wire simplifies to a



well-known formula:

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

\]

This indicates that the magnetic field's magnitude diminishes inversely with the distance from the wire

and forms concentric circles around it.

Direction of Magnetic Fields: The Right-Hand Rule

The direction of the magnetic field created by a current in a wire is determined by the right-hand rule:

- Point the thumb of your right hand in the direction of the current.
- Curl your fingers around the wire.

- Your fingers show the direction of the magnetic field lines encircling the wire.
Applying this to our perpendicular wires:

- Wire A (horizontal): The magnetic field lines form circles around it, with directions depending on the
current's orientation.

- Wire B (vertical): Similarly, it produces circular magnetic fields around itself.

At various points in the plane, the magnetic fields from both wires superimpose vectorially, resulting in a

complex pattern that varies with position.

Superposition of Magnetic Fields

Since magnetic fields are vector quantities, the net magnetic field at any point in the plane is the vector

sum of the fields produced by each wire:

\
\vec{B}_{\text{net}} = \vec{B}_A + \vec{B}_B

\]

This superposition leads to regions where the fields reinforce or partially cancel each other, giving rise to
intricate field patterns. Visualizing these lines helps in understanding how magnetic influence propagates

through space, which is essential in applications like magnetic shielding and sensor placement.



Interacting Forces Between the Wires

Magnetic Force on a Current-Carrying Conductor

A current-carrying wire placed within a magnetic field experiences a force described by the Lorentz force

law:

\

\vec{F} =T\, \vec{l} \times \vec{B}
\

where:

-\(T\) is the current in the wire,
- \('\vec{l} \) is a vector in the direction of the current segment,

- \( \vec{B} \) is the magnetic field at that segment.

In the case of two parallel or perpendicular wires, each generates a magnetic field that exerts a force on the

other. This is the principle behind the operation of electromagnets and the forces in electric motors.

Force Between Perpendicular Wires: Analyzing the Interactions

When two perpendicular wires both carry currents, each experiences a magnetic force due to the other's

field:

- Direction of force: Determined by the right-hand rule and the relative direction of currents.

- Magnitude of force: For long, straight conductors, the force per unit length is given by:

\
\frac{F}{1} = \frac{\mu_0 I_1 I_2}{2\pi r}

\

where \( r \) is the shortest distance between the wires.

In our scenario, since the wires are perpendicular, the minimal distance at the intersection point is zero,
implying theoretically infinite force at the exact crossing point—although in practice, wires are not

perfectly overlapping, and other factors mitigate this.

- Attractive vs. repulsive forces: If currents flow in the same direction, the wires attract; if in opposite



directions, they repel. For perpendicular wires, the interaction depends on the vector orientation of the

currents.

Implications of the Force Interactions

Understanding these forces is essential for:
- Designing electromagnetic devices: Ensuring structural stability when wires carry currents.
- Minimizing electromagnetic interference: Arranging wires to prevent unwanted forces or magnetic

interactions.

- Creating controlled motion: Using magnetic forces in motors and actuators.

Applications and Broader Implications

Electromagnetic Compatibility and Engineering Design

The principles illustrated by the perpendicular wire setup guide engineers in designing circuits and
electrical systems that minimize interference and maximize safety. For example, by understanding
magnetic field superposition, engineers can arrange conductors to reduce unwanted magnetic coupling,

which could induce noise or damage sensitive components.

Educational Significance and Conceptual Foundations

This diagram serves as a foundational teaching tool:
- Demonstrates the directionality of magnetic fields and forces.
- Facilitates comprehension of the right-hand rule.

- Provides a basis for understanding more complex arrangements like coils, transformers, and

electromagnetic waves.

Advanced Technologies and Future Directions

Insights from such simple configurations underpin innovations in:



- Magnetic levitation: Using controlled magnetic forces to levitate and propel vehicles.

- Wireless power transfer: Understanding magnetic coupling enables efficient energy transfer over
distances.

- Electromagnetic shielding: Designing enclosures and materials to protect sensitive devices from magnetic

interference.

Conclusion: From Simple Diagrams to Complex Phenomena

The depiction of two perpendicular, long, straight wires lying in the plane of the paper is more than a
mere illustration; it encapsulates fundamental principles that underpin modern electromagnetism. From
calculating magnetic fields to understanding forces and their implications, this configuration provides a clear

and accessible window into the intricate dance of currents and magnetic fields.

By exploring the physical laws that govern such systems—like the Biot-Savart Law and the Lorentz force
law—scientists and engineers can design better electronic devices, develop innovative technologies, and
deepen our understanding of the electromagnetic world. As simple as it appears visually, the physics it
embodies is profound, illustrating how fundamental principles manifest in everyday life and advanced

technological systems alike.
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