
What Will Be The Current Through A 400m Long

Copper Wire, 2 Mm In Diameter, That Accidently

Connects

What Will Be The Current Through A 400m Long Copper Wire, 2 Mm In Diameter, That Accidentally

Connects

When a copper wire of specified dimensions and length is accidentally connected across a voltage

source, understanding the resulting current is crucial for safety, equipment protection, and electrical

circuit design. In this article, we delve into calculating the current flowing through a 400-meter-long

copper wire with a diameter of 2 millimeters, exploring the factors influencing it, the calculations

involved, and the implications of such an accidental connection. Whether you're an electrical engineer,

a student, or a hobbyist, this comprehensive guide will help you grasp the key concepts related to

electrical conduction in copper wires and the potential hazards of unintended connections.

---

Understanding the Basic Concepts of Electrical Conductivity

What is Electrical Resistance?

Electrical resistance is a measure of how much a material opposes the flow of electric current. It is

influenced by the material's properties, length, cross-sectional area, and temperature. For copper

wires, resistance determines how much current will flow when a voltage is applied.



Resistivity of Copper

Copper is renowned for its excellent electrical conductivity. Its resistivity (ρ) at room temperature

(~20°C) is approximately:

- Resistivity (ρ): 1.68 × 10⁻⁸ ohm-meters (Ω·m)

This parameter is fundamental in calculating the resistance of a specific length of copper wire.

---

Calculating the Resistance of the Copper Wire

Wire Dimensions

Given parameters:

- Length (L): 400 meters

- Diameter (d): 2 millimeters (mm)

First, convert the diameter to meters:

- d = 2 mm = 0.002 meters

Next, calculate the cross-sectional area (A) of the wire, assuming it is circular:

- A = π × (d/2)²

Calculations:

- A = π × (0.001 m)² ≈ 3.1416 × 1 × 10⁻⁶ m² ≈ 3.1416 × 10⁻⁶ m²



Resistance Formula

The resistance (R) of a uniform wire is given by:

- R = ρ × L / A

Plugging in the values:

- R = (1.68 × 10⁻⁸ Ω·m) × 400 m / (3.1416 × 10⁻⁶ m²)

Calculations:

- R ≈ (6.72 × 10⁻⁶ Ω) / (3.1416 × 10⁻⁶ m²)

- R ≈ 2.14 ohms

Thus, the resistance of the 400-meter copper wire with a 2 mm diameter is approximately 2.14 Ω.

---

Determining the Current Flow When Connecting to a Power

Source

Factors Influencing Current

The current flowing through the wire depends on:

- Applied Voltage (V): The voltage of the power source

- Wire Resistance (R): As calculated above

- Circuit Conditions: Such as the presence of any limiting devices or protective elements



Ohm's Law

The fundamental relation governing current flow is Ohm's Law:

- I = V / R

Where:

- I: Current in amperes (A)

- V: Voltage in volts (V)

- R: Resistance in ohms (Ω)

---

Estimating Current for Different Power Sources

Scenario 1: Connecting to a 12V Battery

Using V = 12V:

- I = 12V / 2.14Ω ≈ 5.61A

Implication: A 12V supply would cause approximately 5.61 amperes of current to flow through the wire,

which could cause heating and potential damage if sustained.

Scenario 2: Connecting to a 120V Power Outlet

Using V = 120V:

- I = 120V / 2.14Ω ≈ 56.07A

Implication: This high current can lead to severe overheating, melting, or even fire hazards,

emphasizing the dangers of accidental connections to mains power.



Scenario 3: Connecting to a 240V Power Supply

Using V = 240V:

- I = 240V / 2.14Ω ≈ 112.15A

Implication: Extremely dangerous, capable of causing catastrophic damage and injury.

---

Safety Considerations When Accidental Connections Occur

Risks of High Current Flows

- Overheating: Excessive current causes the wire to heat rapidly, risking melting or fire.

- Equipment Damage: Sensitive devices connected to the circuit may be destroyed.

- Electric Shock: Handling or touching the wire during a fault can result in electrocution.

- Circuit Failure: Fuses or circuit breakers may trip, but in their absence, damage can be severe.

Protective Devices and Precautions

- Fuses and Circuit Breakers: Designed to disconnect the circuit during overloads.

- Proper Insulation: Prevents accidental contact.

- Ground Fault Interrupters (GFCIs): Protect against leakage currents.

- Regular Maintenance: Ensures safety devices are functional.

---



Additional Factors Affecting the Current Flow

Temperature Effects

- Resistance of copper increases slightly with temperature (~0.4% per °C), affecting current

calculations during high temperatures.

Contact Resistance

- Connectors and contact points introduce additional resistance, possibly reducing or altering current

flow.

Material Purity and Quality

- Higher purity copper has lower resistivity, slightly affecting resistance calculations.

---

Practical Implications and Real-World Applications

Electrical Wiring and Safety Standards

- Building codes specify maximum current ratings for wires of certain sizes.

- A 2 mm diameter copper wire (approximately 14 AWG) typically supports currents up to 15-20A

safely.



Unintentional Connections in Industry

- Accidental shorts can cause equipment failure or fires.

- Proper circuit design includes protective measures to prevent damage.

Emergency Response

- Disconnect power immediately if accidental connection occurs.

- Use appropriate protective equipment.

- Consult electrical safety standards and professionals.

---

Summary

- The current flowing through a 400-meter, 2 mm diameter copper wire connected across a voltage

source can be precisely calculated using resistivity and resistance formulas.

- For example, connecting to 12V results in approximately 5.61A, while connecting directly to mains

(120V or 240V) can cause dangerously high currents exceeding 50A to over 100A.

- Such high currents pose serious safety risks, including overheating, fires, and electric shocks.

- Proper safety devices, insulation, and adherence to electrical standards are essential to prevent

accidents.

- Understanding these calculations and safety considerations is vital for anyone working with electrical

systems or handling accidental connections.

---

Conclusion

Understanding the current that flows through a copper wire when accidentally connected to a power



source is essential for electrical safety and proper circuit design. By calculating resistance based on

wire dimensions and resistivity, and applying Ohm’s Law, one can estimate the potential current and

assess the risks involved. Always prioritize safety, use protective devices, and consult professionals

when dealing with electrical connections to prevent hazards and ensure a safe environment.

---
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Frequently Asked Questions

What is the approximate current flowing through a 400m long copper

wire with a 2mm diameter if connected directly to a 230V power

source?

The current can be estimated using Ohm's law: I = V / R. First, calculate the resistance R of the wire:

R = ρ (L / A). With ρ (copper resistivity) ≈ 1.68×10⁻⁸ Ω·m, L = 400 m, and cross-sectional area A =

π (d/2)² ≈ 3.14 (1×10⁻³ m)² ≈ 3.14×10⁻⁶ m². Resistance R ≈ 1.68×10⁻⁸ (400 / 3.14×10⁻⁶) ≈ 2.14



Ω. Therefore, current I ≈ 230V / 2.14Ω ≈ 107.5A. So, approximately 107.5 amperes would flow if

directly connected to 230V.

Would such a short circuit cause the copper wire to overheat or melt?

Yes, the high current (around 107.5A) flowing through the copper wire would generate significant heat

due to resistive losses. Copper's melting point is about 1085°C, and the actual temperature rise

depends on the wire's ability to dissipate heat. In a real-world scenario, this could cause the wire to

overheat, potentially melting or causing a fire hazard if the current persists.

What safety precautions should be taken when accidental short

circuits occur in household wiring?

Immediately disconnect the power source to prevent further current flow. Use circuit breakers or fuses

designed to trip during overloads or shorts. Never attempt to touch the live wire or components.

Contact a qualified electrician to inspect and repair the wiring. Always ensure proper insulation and

avoid direct contact with live wires to prevent electric shocks and fires.

How does the length and diameter of a copper wire affect the current

during a short circuit?

Longer wires and smaller diameters increase the wire's resistance, reducing current flow during a short

circuit. Conversely, shorter and thicker wires have lower resistance, allowing higher current flow. In this

case, a 400m long wire with a 2mm diameter has moderate resistance, resulting in a high current if

directly connected, as calculated earlier.

Can the resistance of the copper wire be neglected in calculating the

current in a short circuit?

No, in this scenario, the resistance of the 400m copper wire cannot be neglected because it

significantly influences the current. The calculated resistance (~2.14Ω) directly affects the current flow,

making it essential to include resistance in the calculation for accurate results.



What are the typical consequences of an accidental short circuit in

electrical wiring?

An accidental short circuit can cause very high current flow, leading to overheating, damage to wiring

and components, electrical fires, tripped circuit breakers, and potential electric shocks. It is critical to

address short circuits promptly to prevent property damage and ensure safety.

Additional Resources

What Will Be The Current Through A 400m Long Copper Wire, 2 Mm In Diameter, That Accidentally

Connects is a fascinating inquiry that combines practical electrical knowledge with fundamental physics

principles. When such an accidental connection occurs—often called a short circuit—it can lead to

significant current flow, potentially damaging equipment, causing fires, or creating safety hazards.

Understanding the expected current involves analyzing the wire's properties, the power source

involved, and the circuit's overall context.

In this comprehensive guide, we'll explore the factors influencing the current in this scenario, step

through the calculations step-by-step, and discuss safety considerations and practical implications.

Whether you're an electrical engineer, technician, or curious hobbyist, this article aims to clarify what

happens when a 400-meter copper wire with a 2 mm diameter is accidentally shorted.

---

Understanding the Scenario

Imagine a situation where a copper wire measuring 400 meters in length and 2 millimeters in diameter

is inadvertently connected across a power supply—say, a typical household or industrial voltage

source. This creates a direct, low-resistance path for current, often with potentially dangerous

consequences.



Key questions include:

- What is the resistance of this wire?

- How much current would flow if the wire is connected directly across a given voltage?

- How do the properties of copper influence current flow?

- What safety considerations should be taken into account?

To answer these, we need to understand the fundamental properties of copper, the physics of

electrical conduction, and the parameters of the power source.

---

Physical and Electrical Properties of Copper

Copper is widely used due to its excellent electrical conductivity. Its properties relevant to our

calculation include:

- Resistivity (ρ): Approximate value at room temperature is 1.68 × 10^(-8) ohm-meters (Ω·m).

- Density: About 8.96 g/cm³, but not directly relevant to resistance.

- Electrical Conductivity: High, which results in low resistance for given dimensions.

---

Calculating the Resistance of the Copper Wire

The resistance of a wire depends on its resistivity, length, and cross-sectional area:

\[ R = \frac{\rho \times L}{A} \]

Where:

- \( R \) = resistance (Ω)

- \( \rho \) = resistivity of copper (Ω·m)



- \( L \) = length of wire (m)

- \( A \) = cross-sectional area (m²)

Step 1: Convert Dimensions to SI Units

- Length, \( L = 400\, \text{meters} \)

- Diameter, \( d = 2\, \text{mm} = 2 \times 10^{-3}\, \text{meters} \)

Step 2: Calculate Cross-Sectional Area

Since the wire is circular,

\[ A = \pi \times r^2 \]

Where radius \( r = \frac{d}{2} = 1\, \text{mm} = 1 \times 10^{-3}\, \text{m} \)

\[ A = \pi \times (1 \times 10^{-3})^2 \approx 3.1416 \times 10^{-6}\, \text{m}^2 \]

Step 3: Calculate Resistance

\[ R = \frac{1.68 \times 10^{-8} \times 400}{3.1416 \times 10^{-6}} \]

\[ R \approx \frac{6.72 \times 10^{-6}}{3.1416 \times 10^{-6}} \]

\[ R \approx 2.14\, \Omega \]

Result: The resistance of the 400-meter, 2 mm diameter copper wire is approximately 2.14 ohms.

---

Determining the Current Flow



The current that flows when the wire is accidentally connected depends heavily on the voltage source

involved. Let's analyze common scenarios:

Scenario 1: Connection to a Standard Household Power Supply (120V or 230V)

- At 120V:

\[ I = \frac{V}{R} = \frac{120\, \text{V}}{2.14\, \Omega} \approx 56\, \text{A} \]

- At 230V:

\[ I = \frac{230\, \text{V}}{2.14\, \Omega} \approx 107.5\, \text{A} \]

Implication: The wire would carry a very high current—far exceeding typical wire ratings—potentially

causing overheating, melting, or fire hazards.

Scenario 2: Connection to a High-Voltage Power Line (e.g., 11 kV or higher)

- At 11,000V:

\[ I = \frac{11,000\, \text{V}}{2.14\, \Omega} \approx 5140\, \text{A} \]

This massive current would be destructive and dangerous.

---

Safety and Practical Considerations

While the calculations show theoretically high currents, real-world factors tend to influence actual

current flow:



- Source Limitations: Power sources have maximum current ratings and protective devices such as

circuit breakers or fuses that trip when overloads occur.

- Wire Resistance and Heating: The high current would cause rapid heating, melting the wire and

possibly causing a fire.

- Voltage Drop: The voltage across the wire would be nearly the supply voltage in a short circuit

scenario, leading to dangerous conditions.

---

Additional Factors Influencing the Current

- Contact Resistance: If the connection isn't perfect (e.g., poor contact, corrosion), the effective

resistance might be higher, reducing current somewhat.

- Voltage Source Impedance: Some sources have internal resistance that limits current.

- Circuit Protection Devices: Fuses, circuit breakers, and relays may trip or disconnect to prevent

damage.

---

Practical Implications and Safety Protocols

Understanding the potential current flow is crucial for safety:

- Never connect wires directly across power sources without appropriate load or protection.

- Use circuit breakers rated for the expected current to prevent damage and hazards.

- Ensure proper insulation and disconnect switches are in place.

- In case of accidental short, disconnect power immediately and inspect for damage.

---

Summary and Key Takeaways



- The resistance of a 400-meter, 2 mm diameter copper wire is approximately 2.14 ohms.

- Connecting this wire directly across a typical household voltage (120V or 230V) would result in high

current flow (56A or 107.5A)—dangerous and capable of causing severe damage.

- For high-voltage sources, the current could reach thousands of amperes, underlining the importance

of protective devices.

- Real-world factors such as protective devices, contact quality, and source impedance influence actual

current flow.

- Safety is paramount: always use proper protective equipment, follow electrical codes, and never

intentionally create short circuits.

---

Final Thoughts

The question of what will be the current through a 400m long copper wire, 2 mm in diameter, that

accidentally connects underscores the importance of understanding electrical properties and safety

protocols. While theoretical calculations provide a baseline, practical safety measures are essential to

prevent accidents, injuries, or property damage. Remember, electrical systems must always be

handled with care, respect, and proper training.
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