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Understanding the electrical characteristics of parallel wires is essential for designing and analyzing
various electrical and electronic systems. When dealing with two 20-gauge, solid copper wires
separated at a specific distance, knowing their per-unit-length inductance and capacitance allows
engineers to predict their behavior in circuits, optimize performance, and ensure safety. This article
provides a comprehensive guide to calculating these parameters, emphasizing practical
considerations and standard formulas.

Introduction to Per-Unit-Length Inductance and
Capacitance

Per-unit-length inductance (L') and capacitance (C') are fundamental parameters that describe how a
pair of conductors interacts with each other and with their surrounding environment over a unit
length. These parameters are especially important in high-frequency circuit design, power
transmission, and cable technology.

- Inductance (L') quantifies the wire pair's ability to oppose changes in current due to magnetic
fields.

- Capacitance (C') measures the wire pair's ability to store electrical energy in the electric field
between them.

Calculating these parameters accurately allows for the proper design of cables, transmission lines,
and other electrical components.

Understanding the Physical Setup

Before diving into calculations, it's crucial to understand the physical configuration:

- Wire Gauge: 20-gauge solid copper wire

- Wire Material: Copper (conductivity 0 = 5.8 x 10”7 S/m)

- Diameter of 20-Gauge Wire: Approximately 0.812 mm (0.032 inches)

- Separation Distance (d): The center-to-center distance between the two wires (variable based on
specific setup)



Properties of 20-Gauge Copper Wire

| Property | Value |

-

| Diameter | 0.812 mm (0.032 inches) |

| Radius (r) | 0.406 mm (0.000406 meters) |

| Cross-sectional Area (A) | nr? = 5.2 X 107-7 m? |
| Conductivity (o) | 5.8 x 10°7 S/m |

The physical dimensions influence both inductance and capacitance calculations due to their effect
on electromagnetic fields.

Calculating Per-Unit-Length Inductance (L')

Foundational Concepts

The inductance per unit length for two parallel, straight, and identical wires depends mainly on their
geometry and the magnetic fields generated by current flow. For two parallel wires carrying
currents in the same direction, the total inductance per unit length can be approximated using
standard formulas derived from electromagnetic theory.

Standard Formula for Two Parallel Wires

The approximate formula for the inductance per unit length (L') of two parallel wires is:

\[

L' = \frac{\mu 0} {\pi} \In \left( \frac{d}{r} \right) + L {shield}
\]

Where:

-\(\mu_0 = 4\pi \times 10" {-7} \, \text{H/m}\) (permeability of free space)
-\(d\) = center-to-center separation between the wires
-\(r\) = radius of each wire
\(L_{shield}\) = correction factor for shielding effects, often negligible for open air configurations

In most practical cases, especially in free space or air, the simplified formula suffices:

\[
L' = \frac{\mu 0} {\pi} \In \left( \frac{d} {r} \right)
\]



Step-by-Step Calculation

Suppose the separation \(d\) is specified or chosen based on design constraints. For example, let's
assume:

- Separation distance \(d = 10\, \text{mm} = 0.01\, \text{m}\)

Given:
-\(r = 0.406\, \text{mm} = 0.000406\, \text{m}\)

Calculate:

\[
L' = \frac{4\pi \times 10" {-7} }{\pi} \times \In \left( \frac{0.01}{0.000406} \right)

\]

Simplify:

\[

L' =4 \times 10" {-7} \times \In \left( 24.63 \right)
\]

Calculate the logarithm:

\[
\In(24.63) \approx 3.204

\]

Finally:

\[

L' =4 \times 10" {-7} \times 3.204 \approx 1.28 \times 10" {-6}\, \text{H/m}
\]

Result: The per-unit-length inductance is approximately 1.28 pH/m.

Factors Affecting Inductance

- Separation Distance \(d\): Increasing \(d\) increases \(L'\), as magnetic flux linkage grows.

- Wire Radius \(r\): Larger radius (thicker wire) reduces \(L"\) because it concentrates magnetic flux
closer to the conductor.

- Shielding and Environment: Nearby conductive or magnetic materials can modify the inductance.

Calculating Per-Unit-Length Capacitance (C')



Basic Principles

Capacitance per unit length between two parallel wires depends on the electric field distribution and
the dielectric medium surrounding the conductors.

Standard Formula for Capacitance of Two Parallel Wires

For two identical, parallel wires in free space:

\[
C' = \frac{\pi \varepsilon 0} {\operatorname{arcosh} \left( \frac{d}{2r} \right) }
\]

Alternatively, the approximate formula in many practical cases is:

\[

C' = \frac{\pi \varepsilon 0} {\operatorname{arccosh} \left( \frac{d}{2r} \right) }
\]

Where:

-\(\varepsilon 0 = 8.854 \times 10" {-12}\, \text{F/m}\) (permittivity of free space)
- \(\operatorname{arccosh}\) = inverse hyperbolic cosine function

Calculation Example

Using the same parameters:

-\(d = 0.01\, \text{m}\)
-\(r = 0.000406\, \text{m}\)

Compute:

\[
\frac{d}{2r} = \frac{0.01} {2 \times 0.000406} \approx \frac{0.01}{0.000812} \approx 12.33

\]

Calculate \(\operatorname{arccosh}(12.33)\):

\[
\operatorname{arccosh}(x) = \In \left( x + \sqrt{x"~2 - 1} \right)
\]

Thus:

\[
\operatorname{arccosh}(12.33) = \In \left( 12.33 + \sqrt{(12.33)"2 - 1} \right)



\]

Calculate inside the radical:

\[

(12.33)"2 = 152.01

\]

\[

\sqrt{152.01 - 1} =\sqrt{151.01} \approx 12.29
\]

Now:

\[
\operatorname{arccosh}(12.33) =\In(12.33 + 12.29) = \In(24.62) \approx 3.204
\]

Finally:
\[
C' = \frac{\pi \times 8.854 \times 10" {-12}}{3.204} \approx \frac{2.78 \times 10" {-11}}{3.204}

\approx 8.68 \times 10" {-12}\, \text{F/m}
\]

Result: The per-unit-length capacitance is approximately 8.68 pF/m.

Influencing Factors

- Separation \(d\): Larger separation increases capacitance.

- Wire Radius \(r\): Thicker wires reduce capacitance slightly.

- Dielectric Medium: Introducing dielectric materials (e.g., insulators, plastics) increases capacitance
proportionally to their relative permittivity \(\varepsilon r\).

Practical Considerations and Applications

Design Implications

Understanding L' and C' helps in:

1. Transmission Line Design: Ensuring signal integrity by matching characteristic impedance.
2. High-Frequency Circuitry: Minimizing parasitic inductance and capacitance for optimal
performance.

3. Electromagnetic Compatibility (EMC): Reducing undesired radiation and interference.



Example Applications

- Coaxial and Twin-lead Cables: Precise calculations inform impedance matching.
- Power Transmission Lines: Inductance and capacitance influence voltage stability.
- Sensor and Antenna Design: Electromagnetic properties affect sensitivity and efficiency.

Summary of Key Formulas

| Parameter | Formula | Notes |

el
| Per-unit-length Inductance \(L"\) | \(\frac

Frequently Asked Questions

How do you calculate the per-unit-length inductance of two
parallel 20-gauge wires separated by a certain distance?

The per-unit-length inductance can be calculated using the formula L = (po/m) In(D/r), where D is the
center-to-center distance between the wires and r is the radius of each wire, which for 20-gauge
wire is approximately 0.812 mm.

What is the formula for determining the per-unit-length
capacitance between two parallel wires?

The capacitance per unit length is given by C = (1igo) / arccosh(D / (2r)), where D is the separation
distance and r is the radius of the wires.

How does the separation distance between the wires affect
their inductance and capacitance?

Increasing the separation distance D increases the inductance slightly and decreases the
capacitance, as the magnetic coupling weakens and the electric field spread increases.

What is the importance of wire radius in calculating per-unit-
length inductance and capacitance?

The wire radius r influences both calculations; smaller radii result in higher inductance and lower
capacitance, affecting the overall transmission line characteristics.

Are there standard reference tables or formulas for the



inductance and capacitance of common wire gauges like 20-
gauge?

Yes, engineering handbooks and transmission line tables provide approximate values and formulas
for common wire gauges, including 20-gauge wire, for quick reference.

What assumptions are typically made when calculating the
inductance and capacitance of two parallel wires?

Assumptions often include ignoring wire thickness effects beyond radius, assuming uniform current
distribution, and neglecting external influences such as nearby conductors or ground effects.

How does the solid nature of the wires influence the
inductance and capacitance calculations?

The solid nature determines the wire radius and dielectric properties, which directly impact the
inductance and capacitance calculations based on their geometry and materials.

Can these calculations be applied to real-world transmission
lines, and what factors might cause deviations?

Yes, but real-world factors like proximity to other conductors, insulation, and environmental
conditions can cause deviations from ideal calculations, so adjustments or measurements may be
necessary.

What practical applications require knowledge of the per-unit-
length inductance and capacitance of parallel wires?

These parameters are crucial in designing transmission lines, antennas, high-frequency circuits, and
communication systems to ensure proper impedance matching and signal integrity.

Additional Resources

Determine The Per-unit-length Inductance And Capacitance Of Two 20-gauge, Solid Parallel Wires
Separated

Understanding the per-unit-length inductance and capacitance of two 20-gauge, solid parallel wires
separated is essential for designing reliable electrical systems, especially in applications involving
transmission lines, PCB traces, or bundled conductors. These parameters directly influence the
impedance, signal integrity, electromagnetic interference (EMI), and power transfer efficiency of the
system. This comprehensive guide aims to walk you through the fundamental principles, practical
calculation methods, and considerations involved in determining these critical electrical parameters.

Introduction: Why Per-Unit-Length Parameters Matter



When dealing with conductors that run parallel over a length, their inductance and capacitance per
unit length (commonly expressed as L" and C’) provide a normalized way to analyze their
electromagnetic behavior. These parameters are particularly useful because they:

- Simplify modeling of long conductors or cables.

- Enable accurate calculation of impedance and propagation speed.

- Help predict electromagnetic interference and crosstalk.

- Facilitate the design of filtering, matching, and shielding strategies.

In the case of two 20-gauge solid copper wires, these parameters depend primarily on the physical
dimensions, separation distance, and the surrounding dielectric environment.

Physical Specifications of 20-Gauge Copper Wire

Before diving into calculations, let's clarify the physical properties of 20-gauge copper wire:
- Diameter: Approximately 0.812 mm (0.032 inches).

- Radius (r): About 0.406 mm (0.016 inches).

- Cross-sectional Area: Around 0.518 mm?.

- Material: Copper, with a relative permeability (p r) close to 1.

- Conductors are assumed solid and bare.

The two wires are assumed to be parallel, separated by a distance D, which significantly influences
the inductance and capacitance.

Step 1: Establishing the Geometrical Configuration
Suppose the two 20-gauge solid copper wires are:

- Parallel and straight, aligned along the same axis.
- Separated by a center-to-center distance D.

The typical separation D could vary (e.g., 10 mm, 20 mm, 50 mm), but for a general approach, we'll
keep it as a variable parameter.

Step 2: Calculating the Per-Unit-Length Inductance (L")

Theoretical Background

The inductance per unit length of two parallel, identical conductors is influenced by their magnetic
fields and mutual inductance. For long, straight wires, the classical formula (assuming a

homogeneous, non-magnetic medium, such as air or dielectric) is:

L' = (po/ 1) In(D / r eff)



where:

- o = permeability of free space = 4 x 10™(-7) H/m.

- D = center-to-center separation between wires.

- r_eff = effective radius of the wire, accounting for the conductor's physical dimensions and the
surrounding medium.

Effective Radius (r_eff)

In practice, for solid conductors, the effective radius is approximately equal to the conductor radius
(r), but in some cases, a conductor correction factor or grounding effects may be considered. For
simplicity, we'll assume:

r eff = r=0.406 mm.

Calculation Example

Suppose the separation D is 50 mm (0.05 m):

L' = (po/ m) In(D / r)

Plugging in the numbers:

L' = (4n x 10™(-7) H/m) / 1 In(0.05 / 0.000406)

Simplify:

L'= (4 x 10™(-7) H/m) In(123.35)

Calculate the natural logarithm:

In(123.35) = 4.815

Therefore:

L'=4 x 10"~(-7) Hm 4.815 = 1.926 x 10™(-6) H/m

Result: Approximately 1.93 pH/m.

Note: For different separation distances, the same formula applies with the respective D value.

Step 3: Calculating the Per-Unit-Length Capacitance (C’)
Theoretical Background
The capacitance per unit length between two parallel conductors depends on their geometry and the

surrounding dielectric medium. For two identical wires in air (or an unbounded dielectric), the
approximate formula is:



C’ = (o) / arccosh(D / 2r)
where:

- g0 = 8.854 x 10"(-12) F/m.
- arccosh is the inverse hyperbolic cosine function.

Alternatively, for large D relative to r, the capacitance can be approximated as:

C = (neo) /In(D /1)

which is similar to the inductance formula, but scaled differently.

Calculation Example

Using the same D = 50 mm:

Calculate:

C = (o) / In(D / 1)

Plug in known values:

C' = (m x 8.854 x 10™(-12) F/m) / 4.815 = (2.782 x 10™(-11) F/m) / 4.815 = 5.78 x 10™(-12) F/m
Result: Approximately 5.78 pF/m.

Note: This is an idealized calculation assuming air as the dielectric medium; actual values may vary
with the presence of insulation or other dielectric materials.

Step 4: Impact of Separation Distance and Environment

The calculations above show that both L" and C’ are highly sensitive to the separation distance D:
- Increasing D increases L’ logarithmically but decreases C’, due to the inverse relationship.

- Decreasing D results in higher capacitance and lower inductance, affecting the line's impedance
and signal propagation.

Additionally, the surrounding medium's dielectric constant (¢ r) affects these parameters:
-Forair, e r = 1.

- For insulated wires in a dielectric, multiply the capacitance estimate by € r.

- The inductance remains largely unaffected by dielectric properties unless magnetic materials are
involved.

Step 5: Practical Considerations and Use of Empirical Data



While the formulas provide a good theoretical estimate, practical design often relies on:
- Empirical formulas from standards such as IEEE or IEC.

- Field solver software (e.g., Ansys HFSS, COMSOL, or NEC) for complex geometries.
- Manufacturer data and measurement for precise parameters.

Example: Using the Wheeler Formula for Inductance

The Wheeler formula offers a simplified empirical approach:

L' (uH/m) = 0.2 X In(2D / 1)

For D = 50 mm:

L'= 0.2 x In(2 x 0.05/0.000406)

Calculate numerator:

2x0.05=0.1m

Calculate ratio:

0.1/0.000406 = 246.3

Calculate In:

In(246.3) = 5.51

Result:

L'=0.2 x 5.51 = 1.10 pH/m

This empirical value aligns reasonably with the more rigorous calculation, showing that approximate
formulas can be very useful for quick estimates.

Final Remarks: Summarizing the Key Steps

1. Identify physical parameters:
- Conductor radius (r)

- Separation distance (D)

- Dielectric environment

2. Calculate inductance per unit length:
- Use the logarithmic formula based on magnetic flux linkage.

3. Calculate capacitance per unit length:
- Use the electrostatic formula based on electric field distribution.

4. Adjust for environment:



- Consider dielectric constants if insulated or embedded in dielectric materials.

5. Validate with empirical formulas or simulation tools for accuracy.

Practical Applications and Design Tips

- Signal Integrity: High inductance or capacitance affects signal rise times, impedance matching,
and crosstalk.

- Power Transmission: Accurate modeling ensures minimal losses and optimal power transfer.

- PCB Design: Precise L and C’ calculations help in designing controlled-impedance traces.

- Shielding and Grounding: Reduces unwanted electromagnetic coupling.

Conclusion

Determining the per-unit-length inductance and capacitance of two 20-gauge, solid parallel wires
separated involves understanding the physical geometry, electromagnetic principles, and
environmental factors. By applying classical formulas and empirical tools, engineers and designers
can effectively predict the behavior of conductors in various applications, ensuring safe, efficient,
and high-performance electrical systems. Whether for transmission lines, PCB traces, or bundled
conductors, these parameters form the foundation for advanced electromagnetic modeling and
system optimization.
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