
Two Parallel Wires Carrying Equal Currents
Of 10 A Attract Each Other With A Force Of 1
MN. If Both Currents
Two Parallel Wires Carrying Equal Currents Of 10 A Attract Each Other With A Force Of 1
MN. If Both Currents, this intriguing phenomenon exemplifies fundamental principles of
electromagnetism, specifically the magnetic interactions between current-carrying conductors.
Understanding this scenario involves delving into the foundational laws governing magnetic forces,
the Biot-Savart Law, Ampère's force law, and the practical implications in electrical engineering and
physics. This article explores the detailed physics behind the attractive force between two parallel
wires, calculations involved, and real-world applications, providing comprehensive insights into
electromagnetic interactions.

Understanding the Magnetic Force Between Current-
Carrying Wires

The Fundamentals of Magnetic Forces in Conductors
When electrical current flows through a conductor, it produces a magnetic field around it, as
described by Ampère's Law. Two parallel wires carrying currents generate magnetic fields that
interact, resulting in forces of attraction or repulsion depending on the direction of the currents.

Key principles include:
- Magnetic field generation: Current in a wire produces magnetic field lines concentric around the
wire.
- Force interaction: The magnetic field of one wire influences the other, leading to a force that can
attract or repel based on current directions.
- Lorentz force law: The force on a segment of current-carrying wire is proportional to the current,
the magnetic field, and the length of the wire.

The Biot-Savart Law and Magnetic Field Calculation
The magnetic field \( B \) at a point due to a small current element is given by the Biot-Savart Law:
\[
B = \frac{\mu_0 I}{2\pi r}
\]
where:
- \( \mu_0 \) = permeability of free space (\( 4\pi \times 10^{-7} \, \text{T}\cdot\text{m/A} \))
- \( I \) = current in the wire (in amperes)
- \( r \) = distance from the wire to the point (in meters)

This law helps calculate the magnetic field produced by each wire and the resultant forces.



Calculating the Force Between Two Parallel Wires

Given Data
- Currents in both wires: \( I_1 = I_2 = 10\, \text{A} \)
- Force between wires: \( F = 1\, \text{MN} = 1 \times 10^6\, \text{N} \)

Understanding the Force Equation
The magnetic force per unit length between two parallel wires carrying currents \( I_1 \) and \( I_2 \),
separated by a distance \( r \), is given by Ampère's force law:
\[
\frac{F}{L} = \frac{\mu_0 I_1 I_2}{2\pi r}
\]
where:
- \( F \) = total force
- \( L \) = length of the wires considered
- \( r \) = separation distance between the wires

Rearranged to find \( r \):
\[
r = \frac{\mu_0 I_1 I_2 L}{2\pi F}
\]

Since the force is given, and the currents are known, the key is to determine the length \( L \) over
which this force acts or vice versa.

Determining the Length of the Wires
Assuming the force acts uniformly along a length \( L \), then:
\[
F = \frac{\mu_0 I_1 I_2 L}{2\pi r}
\]
Rearranged to find \( L \):
\[
L = \frac{2\pi r F}{\mu_0 I_1 I_2}
\]
Plugging in known values:
\[
L = \frac{2\pi r \times 10^6}{4\pi \times 10^{-7} \times 10 \times 10}
\]
Simplifies to:
\[
L = \frac{2\pi r \times 10^6}{4\pi \times 10^{-7} \times 100}
\]
\[
L = \frac{2 r \times 10^6}{4 \times 10^{-7} \times 100}



\]
\[
L = \frac{2 r \times 10^6}{4 \times 10^{-5}}
\]
\[
L = \frac{2 r \times 10^6}{4 \times 10^{-5}} = \frac{2 r \times 10^6}{4 \times 10^{-5}}
\]
Finally:
\[
L = \frac{2 r \times 10^6}{4 \times 10^{-5}} = 0.5 r \times 10^{11}
\]

This indicates that for a given separation \( r \), the length \( L \) can be calculated, or vice versa, to
produce the force of 1 MN.

Practical Implications and Applications of Magnetic
Forces in Wires

Electromagnetic Devices and Technologies
The principles of magnetic interactions between parallel currents are foundational in various
electrical and electronic devices, including:
- Transformers: Utilizing magnetic coupling between coils.
- Electric Motors: Employing forces between current-carrying conductors to generate motion.
- Magnetic Resonance Imaging (MRI): Using magnetic fields for imaging biological tissues.

Design Considerations in Power Transmission
Understanding the forces between transmission wires is critical for:
- Ensuring mechanical stability: Wires must withstand attractive or repulsive forces.
- Optimizing spacing: To minimize unwanted magnetic interactions and mechanical stress.
- Safety protocols: To prevent wire contact or damage due to magnetic forces.

Safety and Engineering Challenges in High-Current
Conductors

Mechanical Stress and Structural Integrity
High currents generate substantial magnetic forces that can:
- Cause wires to move or vibrate.
- Induce mechanical stress leading to deformation or failure.
- Require reinforced supports and proper spacing.



Heat Generation and Electrical Losses
High currents lead to:
- Increased resistive heating.
- The need for effective cooling systems.
- Material considerations to prevent overheating.

Key Takeaways and Summary

Magnetic forces between current-carrying wires are governed by Ampère's Law and the Biot-
Savart Law.

The force magnitude depends on current magnitude, separation distance, and length of the
conductors.

In this scenario, two wires each carrying 10 A produce a force of 1 MN, highlighting the
significant magnetic interactions at high currents and small distances.

Understanding these forces is crucial for designing safe, efficient electrical systems, especially
in power transmission and electrical machinery.

Proper engineering practices, including adequate support and spacing, are essential to
manage the mechanical effects of magnetic forces.

Conclusion
The phenomenon of two parallel wires attracting each other with a force of 1 MN when each carries
10 A demonstrates the fundamental principles of electromagnetism that underpin modern electrical
engineering. From the theoretical calculations based on Ampère's Law to practical applications in
motors, transformers, and power systems, understanding magnetic forces between conductors is
vital. As currents increase in high-power systems, these forces become more significant, demanding
careful design and safety considerations. Advances in materials and engineering continue to
optimize the management of magnetic interactions, ensuring reliable and safe operation of electrical
infrastructure worldwide.

SEO Keywords: magnetic force between wires, parallel current conductors, Ampère's law, Biot-
Savart law, electromagnetic force calculation, high current wires, electrical engineering, power
transmission safety, magnetic interactions, electromagnetic devices

Frequently Asked Questions



What is the force between two parallel wires carrying equal
currents of 10 A each, separated by a certain distance, if they
attract with a force of 1 MN?
The force indicates a strong magnetic interaction, which can be analyzed using Ampère's force law
to determine the separation distance between the wires.

How can we determine the distance between two parallel wires
carrying 10 A currents that attract each other with a force of 1
MN?
Using the formula for magnetic force between two wires, F = (μ₀/2π) (I₁I₂ / r), where μ₀ is the
permeability of free space, I₁ and I₂ are the currents, and r is the separation distance, we can solve
for r to find the distance.

What is the significance of the force of 1 MN between two
wires carrying 10 A currents?
A force of 1 MN (one million newtons) indicates an extremely strong magnetic interaction, typically
occurring when the wires are very close or the currents are very high, demonstrating the magnetic
force's dependence on current and distance.

If both wires carry equal currents of 10 A and attract with a
force of 1 MN, what does this imply about their relative
positions?
It implies that the wires are positioned at a specific distance where the magnetic attraction force
reaches 1 MN, which can be calculated using the magnetic force formula, considering their current
values.

Can the magnetic force between two wires carrying 10 A each
be attractive or repulsive? Under what condition?
The force can be attractive or repulsive depending on the direction of the currents. If the currents
are in the same direction, the wires attract; if in opposite directions, they repel.

What is the approximate separation distance between two
wires carrying 10 A each that attract with a force of 1 MN?
Using the magnetic force formula, the separation distance r is approximately 0.025 meters (2.5
centimeters), assuming the force is purely magnetic and the currents are equal and in the same
direction.



What fundamental law explains the attraction between two
parallel wires carrying equal currents?
Ampère's force law explains the magnetic interaction, stating that currents in parallel conductors
produce magnetic fields that exert forces on each other—either attractive or repulsive depending on
current directions.

Additional Resources
Two Parallel Wires Carrying Equal Currents Of 10 A Attract Each Other With A Force Of 1 MN. If
Both Currents

Understanding the interaction between currents in conductors is fundamental to electromagnetism,
with critical applications spanning electrical engineering, magnetic device design, and power
transmission. The scenario involving two parallel wires carrying equal currents, which attract each
other with a specified force, provides a rich foundation to explore magnetic forces, the Biot-Savart
law, Ampère's force law, and practical considerations in wire design. This detailed review delves into
the physics behind this phenomenon, the mathematical derivation of the force, implications of
changing currents, and real-world applications.

---

Introduction to Magnetic Forces Between Conductors

Electric currents generate magnetic fields, and when multiple currents are present, these fields
interact, resulting in forces between the conductors. The fundamental principle governing these
interactions is Ampère's force law, which states that two current-carrying wires exert forces on each
other proportional to the product of their currents, their lengths, and inversely proportional to the
distance between them.

In the given scenario, two parallel wires each carry a current of 10 A, and the force between them is
1 MN (one million newtons). This setup is significant because it showcases the strength of magnetic
interactions when currents are substantial and distances are small. Understanding this force helps
in designing electromagnetic devices such as transformers, motors, and magnetic confinement
systems.

---

Theoretical Framework

Biot-Savart Law and Magnetic Field of a Long Straight Wire

The magnetic field (B) produced at a point by a long, straight current-carrying wire is given by the



Biot-Savart law:

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

where:
- \(\mu_0 = 4\pi \times 10^{-7}\ \text{T}\cdot\text{m/A}\) (permeability of free space),
- \(I\) is the current in the wire,
- \(r\) is the perpendicular distance from the wire to the point where the field is measured.

This magnetic field is circular around the wire, following the right-hand rule.

Ampère’s Force Law

The force per unit length (\(f\)) between two parallel wires separated by a distance \(r\) carrying
currents \(I_1\) and \(I_2\) is given by:

\[ f = \frac{\mu_0 I_1 I_2}{2 \pi r} \]

This force can be attractive or repulsive depending on the directions of the currents:
- If currents are in the same direction, the force is attractive.
- If currents are in opposite directions, the force is repulsive.

---

Analysis of the Given Scenario

Given data:
- Currents: \(I_1 = I_2 = 10\, \text{A}\)
- Force: \(F = 1\, \text{MN} = 10^6\, \text{N}\)

Assuming the wires are infinitely long and the force acts uniformly along their length, the force per
unit length (\(f\)) is:

\[ f = \frac{F}{L} \]

where \(L\) is the length of the wires considered.

From the formula:

\[ f = \frac{\mu_0 I_1 I_2}{2 \pi r} \]

we can solve for the separation \(r\):

\[ r = \frac{\mu_0 I_1 I_2}{2 \pi f} \]

Substituting known values:



\[ r = \frac{(4\pi \times 10^{-7}) \times 10 \times 10}{2 \pi \times 10^{6}} \]

Simplify numerator:

\[ (4\pi \times 10^{-7}) \times 100 = 4\pi \times 10^{-5} \]

Calculate denominator:

\[ 2 \pi \times 10^{6} \]

Putting it all together:

\[ r = \frac{4\pi \times 10^{-5}}{2 \pi \times 10^{6}} \]

Cancel \(\pi\):

\[ r = \frac{4 \times 10^{-5}}{2 \times 10^{6}} \]

Simplify:

\[ r = \frac{4}{2} \times 10^{-5 - 6} = 2 \times 10^{-11}\ \text{m} \]

This extremely small distance (~\(2 \times 10^{-11}\) m) suggests that at such a high force with low
currents, the wires must be exceedingly close, or the force is calculated over a very small segment.

---

Implications of Increasing Currents

The question indicates "If Both Currents..." implying an exploration of how the force changes with
variations in currents or configurations.

Force Dependence on Currents

From Ampère's law, the force per unit length is proportional to the product of the currents:

\[ f \propto I_1 I_2 \]

- Doubling both currents increases the force fourfold.
- If currents are increased to 20 A each, the force becomes:

\[ F' = \frac{\mu_0 \times 20 \times 20}{2 \pi r} \times L \]

- The force scales quadratically with current magnitude, which can lead to enormous forces at high
currents, making the physical setup challenging and potentially dangerous.



Effect of Changing the Direction of Currents

- If the currents are in the same direction, the force is attractive.
- If they are in opposite directions, the force becomes repulsive.
- The magnitude remains the same, but the nature of the interaction shifts.

---

Practical Considerations and Limitations

While theoretical calculations suggest extremely high forces at small distances, real-world factors
limit such interactions:

- Material Strength: Wires and supporting structures must withstand large forces.
- Heat Dissipation: High currents generate significant heat, requiring cooling.
- Minimal Separation: Physical constraints prevent wires from being closer than atomic scales.
- Magnetic Saturation: Magnetic materials have saturation limits, affecting the force.

---

Applications and Real-World Relevance

Magnetic forces between currents are harnessed in numerous devices:

- Electromagnetic Actuators: Use attractive or repulsive forces for movement.
- Magnetic Levitation: Exploit repulsive forces to levitate objects.
- Electric Motors: Use forces between current-carrying conductors and magnetic fields to produce
torque.
- Particle Accelerators: Use magnetic fields to steer charged particles.

Understanding the magnitude of forces at different currents informs the design and safety protocols
for these systems.

---

Features, Pros, and Cons

Features:

- Demonstrates fundamental electromagnetic principles.
- Quantifies the relationship between current, distance, and force.
- Highlights the importance of physical constraints in electromagnetic systems.



Pros:

- Provides a clear mathematical framework for magnetic interactions.
- Enables prediction of forces in practical designs.
- Helps in understanding safety limits for high-current systems.

Cons:

- Assumes idealized infinite conductors; real wires are finite.
- Ignores effects like resistance, inductance, and material limitations.
- Calculations at extremely small distances are physically unrealistic due to quantum effects.

---

Conclusion

The analysis of two parallel wires carrying equal currents of 10 A attracting each other with a force
of 1 MN underscores the profound relationship between electric currents and magnetic forces.
While the theoretical framework provides precise calculations, real-world applications necessitate
consideration of physical constraints, safety factors, and material properties. Increasing currents
amplifies forces quadratically, emphasizing the importance of careful design in electromagnetic
systems. Understanding these principles is vital for advancing technologies that rely on magnetic
interactions, from electric motors to magnetic levitation. Ultimately, this scenario encapsulates the
core concepts of electromagnetism, illustrating how fundamental laws govern the interactions of
currents and magnetic fields in practical and theoretical contexts.
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