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Understanding the relationship between the diameter of wires made of different materials, such as
aluminium and copper, especially when they possess the same resistance per unit length, is crucial in
various electrical and engineering applications. This knowledge helps in selecting appropriate wire
sizes to optimize performance, cost, and safety in electrical circuits. In this comprehensive guide, we
will explore how to determine the ratio of the diameters of aluminium and copper wires under the
condition that their resistance per unit length remains equal.

---

Fundamentals of Electrical Resistance in Wires

Before diving into the calculation, it's essential to understand the basic principles governing electrical
resistance in conductors.

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

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

where:
- \( \rho \) (rho) is the resistivity of the material (ohm-meter, \( \Omega \cdot m \))
- \( L \) is the length of the wire (meters)
- \( A \) is the cross-sectional area of the wire (square meters)

Key Points:
- Resistance is directly proportional to resistivity and length.
- Resistance is inversely proportional to the cross-sectional area.

---

Understanding Resistance Per Unit Length



When considering resistance per unit length, the focus shifts from total resistance to the resistance of
a wire per meter (or per any unit length). The resistance per unit length \( r \) is:

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

Since \( L \) cancels out, the resistance per unit length depends solely on the resistivity and the cross-
sectional area:

\[
r = \frac{\rho}{A}
\]

Implications:
- To have the same resistance per unit length, the ratio of resistivity to cross-sectional area must be
equal for both wires.

---

Resistivity of Aluminium and Copper

The resistivity values of common conductors at room temperature (20°C) are approximately:

- Copper (\( \rho_{Cu} \)): \( 1.68 \times 10^{-8} \, \Omega \cdot m \)
- Aluminium (\( \rho_{Al} \)): \( 2.82 \times 10^{-8} \, \Omega \cdot m \)

Observations:
- Aluminium has higher resistivity than copper.
- To achieve the same resistance per unit length, the cross-sectional areas must compensate for the
difference in resistivity.

---

Relating Resistance Per Unit Length to Diameter

The cross-sectional area \( A \) of a wire with diameter \( d \) (assuming a circular cross-section) is:

\[
A = \frac{\pi}{4} d^2
\]

Thus, the resistance per unit length for a wire becomes:

\[
r = \frac{\rho}{A} = \frac{\rho}{\frac{\pi}{4} d^2} = \frac{4\rho}{\pi d^2}



\]

Key Point:
- Resistance per unit length is inversely proportional to the square of the diameter, scaled by the
resistivity.

---

Deriving the Ratio of Diameters

Given that the resistance per unit length of aluminium (\( r_{Al} \)) equals that of copper (\( r_{Cu}
\)):

\[
r_{Al} = r_{Cu}
\]

Substitute the expressions:

\[
\frac{4\rho_{Al}}{\pi d_{Al}^2} = \frac{4\rho_{Cu}}{\pi d_{Cu}^2}
\]

Simplify:

\[
\frac{\rho_{Al}}{d_{Al}^2} = \frac{\rho_{Cu}}{d_{Cu}^2}
\]

Rearranged to find the ratio of diameters:

\[
\frac{d_{Al}^2}{d_{Cu}^2} = \frac{\rho_{Al}}{\rho_{Cu}}
\]

Taking the square root:

\[
\frac{d_{Al}}{d_{Cu}} = \sqrt{\frac{\rho_{Al}}{\rho_{Cu}}}
\]

Final Expression:
\[
\boxed{
\frac{d_{Al}}{d_{Cu}} = \sqrt{\frac{\rho_{Al}}{\rho_{Cu}}}
}
\]

---



Calculating the Numerical Value of the Ratio

Using the resistivity values:

\[
\rho_{Al} = 2.82 \times 10^{-8} \, \Omega \cdot m
\]
\[
\rho_{Cu} = 1.68 \times 10^{-8} \, \Omega \cdot m
\]

Calculate the ratio:

\[
\frac{d_{Al}}{d_{Cu}} = \sqrt{\frac{2.82 \times 10^{-8}}{1.68 \times 10^{-8}}}
\]

Simplify the fraction:

\[
= \sqrt{\frac{2.82}{1.68}} \approx \sqrt{1.6786} \approx 1.295
\]

Conclusion:
The diameter of the aluminium wire should be approximately 1.295 times the diameter of the copper
wire to have the same resistance per unit length.

Expressed as a ratio:

\[
\boxed{
\frac{d_{Al}}{d_{Cu}} \approx 1.30
}
\]

This indicates that aluminium wire must be about 30% thicker in diameter than copper wire to
compensate for its higher resistivity when both have the same resistance per unit length.

---

Practical Implications and Applications

Understanding this ratio has several practical applications:



1. Material Selection in Electrical Wiring
- Aluminium is lighter and less expensive than copper.
- To achieve similar electrical performance, aluminium conductors are often larger in diameter.
- This ratio helps determine appropriate sizes for safe and efficient wiring.

2. Power Transmission Lines
- High-voltage power lines often use aluminium due to its light weight.
- Engineers calculate diameter ratios to optimize conductor sizes, ensuring minimal resistance and
power loss.

3. Cost and Safety Considerations
- Larger aluminium wires may be more physically bulky but cheaper.
- Proper sizing ensures safety, preventing overheating and excessive voltage drops.

Additional Considerations

While the calculation provides a theoretical ratio, real-world factors can influence wire sizing:

Temperature Dependence: Resistivity varies with temperature; actual resistivity at operating1.
conditions should be considered.

Mechanical Strength: Larger diameter wires are mechanically more robust, which might be2.
beneficial in certain environments.

Connection Compatibility: Larger diameter wires may require different connectors and3.
fittings.

Corrosion Resistance: Material properties affecting durability in specific environments.4.

---

Summary

To summarize:

- The resistance per unit length of aluminium and copper wires can be equalized by adjusting their
diameters.
- The key formula involves the square root of their resistivity ratio.
- Given resistivity values, aluminium wire must be approximately 1.30 times thicker in diameter than



copper wire to have the same resistance per unit length.
- This ratio aids in material selection, ensuring efficient, safe, and cost-effective electrical wiring.

---

Final Notes

Always consider additional factors like environmental conditions, mechanical requirements, and local
electrical standards when designing or selecting wires. Consulting with electrical engineering
standards and professionals is recommended for critical applications.

In essence, understanding the relationship between material resistivity and wire dimensions enables
informed decisions in electrical design, ensuring optimal performance and safety.

Frequently Asked Questions

What is the main concept behind finding the ratio of
diameters of aluminium and copper wires with equal
resistance per unit length?
The main concept involves understanding the relationship between resistance, resistivity, length, and
cross-sectional area, and how these parameters relate to wire diameters when resistance per unit
length is equal.

How is resistance per unit length related to the resistivity and
diameter of a wire?
Resistance per unit length (R/l) is given by resistivity (ρ) divided by the cross-sectional area (A). Since
A depends on the diameter (d), R/l = ρ / (πd²/4).

What is the formula to find the ratio of diameters of
aluminium to copper wires with the same resistance per unit
length?
The ratio of diameters d_Al / d_Cu = √(ρ_Al / ρ_Cu), where ρ_Al and ρ_Cu are the resistivities of
aluminium and copper respectively.

Given resistivities of aluminium (2.82 × 10⁻⁸ Ω·m) and copper
(1.68 × 10⁻⁸ Ω·m), what is the ratio of their diameters?
d_Al / d_Cu = √(2.82 × 10⁻⁸ / 1.68 × 10⁻⁸) ≈ √1.68 ≈ 1.30.



Why do different materials with the same resistance per unit
length have different diameters?
Because different materials have different resistivities; to maintain the same resistance per unit
length, a material with higher resistivity requires a larger diameter.

How does the resistivity of aluminium compare to copper, and
what does this imply for wire sizing?
Aluminium has higher resistivity than copper, so to achieve the same resistance per unit length,
aluminium wire must have a larger diameter than copper wire.

Can the ratio of diameters be used to compare other
properties of wires made of different materials?
Yes, the ratio of diameters based on resistivity can help compare their electrical properties, but other
factors like mechanical strength and cost should also be considered.

What practical applications rely on understanding the ratio of
wire diameters for different materials?
This understanding is essential in electrical engineering for designing power lines, wiring systems, and
ensuring safety and efficiency when selecting materials with different resistivities but similar
resistance requirements.

Additional Resources
Find The Ratio Of The Diameter Of Aluminium To Copper Wire, If They Have The Same
Resistance Per Unit

---

Introduction

In the realm of electrical engineering and materials science, understanding the electrical properties of
different conductive materials is fundamental. Among these properties, resistance per unit
length—also known as specific resistance or resistivity—is crucial for designing efficient electrical
wiring systems. When considering materials such as aluminium and copper, which are commonly
used in electrical conductors, a notable question arises: If aluminium and copper wires have the same
resistance per unit length, what is the ratio of their diameters? This query not only delves into the
intrinsic electrical properties of these metals but also has practical implications for wire
manufacturing, cost efficiency, and application-specific choices.

This article aims to provide a comprehensive, detailed analysis of this problem, exploring the
underlying physics, mathematical derivations, and practical considerations involved in determining
the ratio of diameters under the specified conditions. By the end, readers will gain a clear
understanding of how resistivity, cross-sectional area, and diameter interplay to influence resistance,



and how these principles guide real-world engineering decisions.

---

Fundamental Concepts and Definitions

Electrical Resistance and Resistance per Unit Length

- Resistance (R): A measure of how much a material opposes the flow of electric current. It is given by
the formula:

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

where:

- \(\rho\) = resistivity of the material (ohm meters, \(\Omega\,m\)),
- \(L\) = length of the conductor (meters),
- \(A\) = cross-sectional area (square meters).

- Resistance per unit length (r): Resistance normalized over the length of the wire:

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

This quantity, often expressed as \(\Omega/m\), indicates how resistant a wire is per unit length,
independent of its total length.

Resistivity

Resistivity (\(\rho\)) is an intrinsic property of a material, reflecting how strongly it opposes electrical
current. For common metals:

| Material | Resistivity \(\rho\) (\(\Omega\,m\)) | Approximate Value at Room Temperature |
|------------|-------------------------------------|----------------------------------------|
| Copper | \(1.68 \times 10^{-8}\) | 20°C |
| Aluminium | \(2.82 \times 10^{-8}\) | 20°C |

Copper has a lower resistivity than aluminium, making it a better conductor per unit volume.
However, aluminium's lower density and cost often make it attractive for certain applications.

Cross-Sectional Area and Diameter Relationship

For cylindrical wires:

\[
A = \pi \left(\frac{d}{2}\right)^2 = \frac{\pi d^2}{4}
\]



where \(d\) is the diameter of the wire.

---

Establishing the Relationship Between Resistance Per Unit Length and Diameter

Given the resistance per unit length (\(r\)) for aluminium and copper wires are equal, we can set:

\[
r_{Al} = r_{Cu}
\]

Expressed in terms of resistivity and diameter:

\[
\frac{\rho_{Al}}{A_{Al}} = \frac{\rho_{Cu}}{A_{Cu}}
\]

Since the cross-sectional area \(A\) is expressed in terms of diameter:

\[
A_{Al} = \frac{\pi d_{Al}^2}{4} \quad \text{and} \quad A_{Cu} = \frac{\pi d_{Cu}^2}{4}
\]

Substituting into the equality:

\[
\frac{\rho_{Al}}{\frac{\pi d_{Al}^2}{4}} = \frac{\rho_{Cu}}{\frac{\pi d_{Cu}^2}{4}}
\]

Simplify by canceling common factors:

\[
\frac{\rho_{Al}}{d_{Al}^2} = \frac{\rho_{Cu}}{d_{Cu}^2}
\]

Rearranged to find the ratio of diameters:

\[
\frac{d_{Al}^2}{d_{Cu}^2} = \frac{\rho_{Al}}{\rho_{Cu}}
\]

Taking the square root:

\[
\frac{d_{Al}}{d_{Cu}} = \sqrt{\frac{\rho_{Al}}{\rho_{Cu}}}
\]

This relation indicates that the ratio of diameters is directly related to the square root of the ratio of
resistivities.



---

Calculating the Diameter Ratio

Step 1: Inserting Known Resistivity Values

Using the typical resistivity values at room temperature:

\[
\rho_{Cu} = 1.68 \times 10^{-8} \, \Omega\,m
\]
\[
\rho_{Al} = 2.82 \times 10^{-8} \, \Omega\,m
\]

Step 2: Compute the Ratio

\[
\frac{d_{Al}}{d_{Cu}} = \sqrt{\frac{2.82 \times 10^{-8}}{1.68 \times 10^{-8}}}
\]

\[
= \sqrt{\frac{2.82}{1.68}} \approx \sqrt{1.6786} \approx 1.295
\]

Result:

\[
\boxed{
\frac{d_{Al}}{d_{Cu}} \approx 1.295
}
\]

This means that, to have the same resistance per unit length, the aluminium wire must be
approximately 1.295 times thicker in diameter than the copper wire.

---

Practical Implications and Considerations

1. Design and Manufacturing

- Wire Sizing: Engineers designing electrical systems must consider this ratio when substituting
copper with aluminium or vice versa. Since aluminium is less conductive, it needs to have a larger
diameter to match copper’s resistance properties.

- Cost and Weight: Aluminium's lower density makes it lighter and often cheaper, but its larger
diameter requirement can impact installation space and flexibility.

2. Electrical Performance and Reliability



- Voltage Drop: To minimize voltage drops over long distances, wires must be appropriately sized.
Understanding the diameter ratio helps maintain consistent resistance characteristics across
materials.

- Mechanical Strength: Larger diameter aluminium wires may have different mechanical properties,
which influence installation procedures and durability.

3. Corrosion and Environmental Factors

- Aluminium is more susceptible to corrosion in certain environments, which can affect resistance over
time. Engineers must account for such effects in the design phase.

---

Limitations and Assumptions

- Temperature Dependence: Resistivity varies with temperature; calculations assume room
temperature (~20°C). Actual applications may require temperature correction factors.

- Uniform Material Quality: The analysis presumes pure, homogeneous materials. Impurities and
manufacturing processes can alter resistivity.

- Idealized Conditions: Real-world wires have imperfections, insulation, and environmental influences
not accounted for in ideal calculations.

---

Broader Context and Related Topics

1. Resistivity and Material Selection

- Material resistivity is a key factor in conductor choice. While copper offers superior conductivity,
aluminium's advantages in cost and weight make it suitable for specific applications.

2. Skin Effect and High-Frequency Applications

- At high frequencies, current tends to flow on the surface of conductors (skin effect), affecting the
effective resistance. Diameter considerations become even more critical in such scenarios.

3. Advanced Materials and Conductors

- Innovations such as composite conductors or superconductors aim to optimize electrical
performance, influencing how traditional calculations are adapted for new materials.

---

Conclusion

The analysis reveals that if aluminium and copper wires are to have identical resistance per unit
length, the aluminium wire must be approximately 1.295 times thicker in diameter than the copper
wire. This ratio stems directly from their intrinsic resistivities and underscores the importance of



material properties in electrical conductor design.

Understanding these relationships equips engineers and designers with the insights needed to
optimize wiring systems for efficiency, safety, and cost-effectiveness. While the calculation assumes
ideal conditions, real-world applications require careful consideration of environmental, mechanical,
and operational factors. Nonetheless, the fundamental physics remains a cornerstone of electrical
engineering, guiding practical decisions in countless applications—from urban power grids to
consumer electronics.

---
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