Given That The Skin Depth Of Graphite
At 100 (MHz) Is 0.16 (mm), Determine
(a) The Conductivity Of Graphite,

Given That The Skin Depth Of Graphite At 100 (MHz) Is 0.16 (mm), Determine (a)
The Conductivity Of Graphite

Understanding the electrical properties of materials such as graphite is essential in
various scientific and engineering applications, including electronics, electromagnetic
shielding, and material science. The skin depth, a critical parameter in high-frequency
electromagnetic phenomena, describes how deeply electromagnetic waves can penetrate
into a conductive material. Given that the skin depth of graphite at a frequency of 100
MHz is 0.16 mm, the goal is to determine the electrical conductivity of graphite, which is a
fundamental property influencing its behavior in AC fields. This article provides a
comprehensive explanation of how to calculate the conductivity from the given skin depth,
along with relevant concepts and detailed calculations.

Understanding Skin Depth and Its Significance

What Is Skin Depth?

Skin depth, denoted by 6, is defined as the distance into a conductor at which the
amplitude of an electromagnetic wave decays to approximately 37% (1/e) of its original
value at the surface. It characterizes how electromagnetic energy penetrates conductive
materials and is particularly important in high-frequency applications where surface
effects dominate.

Mathematically, skin depth is given by:

\[
\delta = \sqrt{\frac{2}{\omega \mu \sigma} }
\]

where:

- \(\delta\) = skin depth (meters)

-\(\omega\) = angular frequency (\(2\pi f\))

-\(\mu\) = magnetic permeability of the material (H/m)
-\(\sigma\) = electrical conductivity (S/m)

In many practical cases, especially for non-magnetic materials like graphite, the
permeability \(\mu\) can be approximated as the permeability of free space, \(\mu_ 0\).



Given Data and Assumptions

- Skin depth, \(\delta = 0.16\, \text{mm} = 0.16 \times 10" {-3}\, \text{m}\)
- Frequency, \(f = 100\, \text{MHz} = 100 \times 10~ {6}\, \text{Hz}\)
- Magnetic permeability, \(\mu \approx \mu 0 = 4\pi \times 10"~ {-7}\, \text{H/m}\)

Assuming graphite is non-magnetic, the permeability is equivalent to free space
permeability.

Calculating the Conductivity of Graphite

Step 1: Calculate the Angular Frequency (\(\omega\))
The angular frequency is related to the frequency by:
\[

\omega = 2\pi f
\]

Substituting the value:

\[

\omega = 2\pi \times 100 \times 10™{6} = 2\pi \times 10™ {8} \approx 6.2832 \times
10~ {8}\, \text{rad/sec}

\]

Step 2: Rearranged Skin Depth Equation for \(\sigma\)

From the fundamental skin depth relation:

\[
\delta = \sqrt{\frac{2}{\omega \mu \sigma} }

\]

Squaring both sides:

\[

\delta”™2 = \frac{2} {\omega \mu \sigma }
\]

Solving for \(\sigma\):

\[

\sigma = \frac{2}{\omega \mu \delta™2}
\]



This formula allows direct calculation of conductivity once \(\delta\), \(\omega\), and \(\mu\)
are known.

Step 3: Plugging in the Values

Calculate each component:

-\(\delta™2 = (0.16 \times 10" {-3})"2 = 2.56 \times 10" {-8}\, \text{m} ~2\)
-\(\omega = 6.2832 \times 10"~ {8}, \text{rad/sec}\)
-\(\mu = 4\pi \times 10"~ {-7} \approx 1.2566 \times 10"~ {-6}\, \text{H/m}\)

Now, compute \(\sigma\):

\[

\sigma = \frac{2}{(6.2832 \times 10" {8}) \times (1.2566 \times 10" {-6}) \times 2.56
\times 10™{-8}}

\]

Step-by-step calculation:
1. Multiply \(\omega\) and \(\mu\):

\[

6.2832 \times 107~ {8} \times 1.2566 \times 10" {-6} \approx (6.2832 \times 1.2566) \times
10~ {8 -6} = 7.8957 \times 10"~ {2}

\]

2. Multiply this result by \(\delta”™2\):

\[

7.8957 \times 10" {2} \times 2.56 \times 10™{-8} = (7.8957 \times 2.56) \times 10™{2 -
8} =20.218 \times 10"~ {-6} = 2.0218 \times 10"~ {-5}

\]

3. Finally, compute \(\sigma):

\[
\sigma = \frac{2}{2.0218 \times 10™ {-5}} \approx 99,000\, \text{S/m}

\]

Result: The electrical conductivity of graphite at the specified conditions is approximately
99,000 S/m.

Implications of the Conductivity Value

The calculated conductivity of approximately 99,000 S/m indicates that graphite exhibits
moderate electrical conductivity, consistent with its layered structure and semi-metallic
properties. Compared to metals like copper (\(\sim 5.8 \times 10™{7}\) S/m), graphite is



significantly less conductive, but its conductivity is sufficient for many applications
involving electromagnetic interactions.

Additional Considerations

Effect of Magnetic Permeability

While the calculation assumes \(\mu = \mu_0\), some forms of graphite or composite
materials may have slight magnetic properties influencing the skin depth. If magnetic
permeability differs significantly, the calculation must be adjusted accordingly.

Frequency Dependence

Skin depth varies inversely with the square root of frequency. At higher frequencies, the
skin depth decreases, implying increased surface resistance and potential heating effects.
Understanding this behavior is crucial in designing devices that operate at microwave
frequencies.

Summary

- The skin depth at 100 MHz for graphite is 0.16 mm.

- Using the relation \(\delta = \sqrt{\frac{2}{\omega \mu \sigma}}\), the conductivity can
be derived.

- Calculations show the conductivity of graphite at these conditions is approximately
99,000 S/m.

- This value reflects graphite's semi-metallic nature and its suitability for high-frequency
applications where moderate conductivity is adequate.

Conclusion

Determining the electrical conductivity of materials like graphite from their
electromagnetic properties is essential in material science and engineering. The skin
depth provides a window into the material's ability to conduct electricity at high
frequencies. By applying fundamental electromagnetic principles, engineers and scientists
can accurately assess material properties, enabling optimized design and application in
electronics, shielding, and other technological domains.
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Frequently Asked Questions

Given that the skin depth of graphite at 100 MHz is 0.16
mm, how can we determine its electrical conductivity?

The conductivity can be calculated using the skin depth formula: 6 = sqrt(2 / (wpo)).
Rearranging for o gives o0 = 2 / (wpbd?), where w = 2nf, j is the permeability of free space,
and 6 is the skin depth.

What is the significance of knowing the skin depth of
graphite at a specific frequency?

The skin depth indicates how deeply electromagnetic waves penetrate into the material,
which is essential for designing RF components, understanding material losses, and
calculating electrical conductivity at that frequency.

How does the skin depth of 0.16 mm at 100 MHz relate
to graphite's conductivity?

A smaller skin depth implies higher conductivity. Using the skin depth value and the
frequency, we can compute the conductivity to quantify how well graphite conducts
electricity at 100 MHz.

What assumptions are made when calculating graphite's
conductivity from skin depth measurements?

Assumptions include that the material is homogeneous, isotropic, non-magnetic (p = po),
and that the skin depth is measured accurately at the specified frequency without external
influences.

Can the formula for skin depth be used directly to find
the conductivity of graphite at 100 MHz?

Yes, by substituting the known skin depth (0.16 mm), frequency (100 MHz), and constants
into the formula 6 = sqrt(2 / (wpo)), we can solve for the conductivity o.

Additional Resources

Given That The Skin Depth Of Graphite At 100 MHz Is 0.16 mm, Determine (a) The
Conductivity Of Graphite

Introduction



Graphite, a form of carbon renowned for its electrical conductivity and unique layered
structure, finds widespread application in electrical and electronic industries. Its ability to
conduct electricity, combined with its thermal stability and chemical inertness, makes it a
material of interest for electrodes, batteries, and high-frequency components.
Understanding the electrical properties of graphite, including its conductivity, is essential
for optimizing its use in various technological applications.

One critical parameter in AC conduction phenomena is the skin depth, which determines
how deeply electromagnetic waves penetrate into a conducting material. The skin depth at
a given frequency provides insights into the material's electrical conductivity. In this
context, the question arises: Given that the skin depth of graphite at 100 MHz is 0.16 mm,
what is its electrical conductivity?

This investigative article delves into the fundamental principles linking skin depth and
conductivity, develops the necessary theoretical framework, and systematically calculates
the conductivity of graphite based on the provided data. The discussion also explores the
broader implications of these findings for material science and electrical engineering.

Understanding Skin Depth in Conductive Materials
What is Skin Depth?

Skin depth (6) is a measure of how deeply an alternating electromagnetic wave penetrates
into a conductor before its amplitude diminishes to approximately 37% (1/e) of its surface
value. It is a frequency-dependent parameter that influences the performance of high-
frequency devices.

Mathematically, skin depth is given by:

\[
\delta = \sqrt{\frac{2}{\omega \mu \sigma} }
\]

where:

- \(\delta\) = skin depth (meters)

-\(\omega\) = angular frequency (\(2\pi f\))

-\(\mu\) = magnetic permeability of the material (H/m)
-\(\sigma\) = electrical conductivity (S/m)

This relationship illustrates that higher conductivity or magnetic permeability results in a
smaller skin depth, implying that the current is confined to a thin surface layer.

Significance of Skin Depth in Graphite

For graphite, the skin depth at a given frequency informs how electromagnetic waves
interact with its structure. In high-frequency applications, a smaller skin depth indicates
that the material's surface properties dominate its electromagnetic behavior, influencing
design considerations for electrodes, sensors, and shielding components.



Theoretical Framework for Calculating Conductivity
Assumptions and Material Properties

- Magnetic permeability: For non-magnetic materials like graphite, \(\mu \approx \mu 0 =
4\pi \times 10™{-7}\ \mathrm{H/m}\).

- Frequency: \(f = 100\ \mathrm{MHz} = 1 \times 10”{8}\ \mathrm{Hz}\).

- Skin depth: \(\delta = 0.16\ \mathrm{mm} = 0.16 \times 10"~ {-3}\ \mathrm{m} = 1.6
\times 10™ {-4}\ \mathrm{m}\).

Analytical Calculation of Conductivity
Starting with the core formula:

\[
\delta = \sqrt{\frac{2}{\omega \mu \sigma}}
\]

Rearranged to solve for \(\sigma):

\[
\sigma = \frac{2}{\omega \mu \delta™2}
\]

where:

\[
\omega = 2 \pi f
\]

Calculating each component:

-\(\omega = 2 \pi \times 1 \times 10"~ {8} \approx 6.2832 \times 10" {8}\
\mathrm{rad/s}\).

-\(\mu = 4\pi \times 10" {-7}\ \mathrm{H/m} \approx 1.2566 \times 10" {-6}\
\mathrm{H/m}\).

-\(\delta = 1.6 \times 10" {-4}\ \mathrm{m}\).

Substituting:

\[

\sigma = \frac{2}{(6.2832 \times 10" {8})(1.2566 \times 10" {-6})(1.6 \times
107~{-4})"~2}

\]

Calculating denominator:



\[

(6.2832 \times 10™{8}) \times (1.2566 \times 10"~ {-6}) = (6.2832 \times 1.2566) \times
10~{8 -6} = 7.895 \times 10~ {2}

\]

Next,

\[
(1.6 \times 10™{-4})"2 = 2.56 \times 10"~ {-8}
\]

Therefore,

\[

\text{Denominator} = 7.895 \times 10~ {2} \times 2.56 \times 10~ {-8} = (7.895 \times
2.56) \times 10" {2 - 8} \approx 20.2 \times 10™{-6} = 2.02 \times 10" {-5}

\]

Finally, calculating \(\sigma\):

\[
\sigma = \frac{2}{2.02 \times 10™{-5} } \approx 98,514\ \mathrm{S/m}
\]

Results and Interpretation

The calculated electrical conductivity of graphite at 100 MHz, based on the given skin
depth, is approximately 98,500 S/m. This value aligns with known ranges for highly
conductive forms of graphite, which can vary from about 1074 to 10”5 S/m depending on
purity, structure, and processing conditions.

This high conductivity underscores graphite's suitability for high-frequency applications
where low surface resistance and minimal electromagnetic wave attenuation are critical.

It also emphasizes the importance of controlling material parameters to optimize
electromagnetic performance.

Broader Implications and Context

Comparing with Literature Values

Typical electrical conductivities for different forms of graphite are:
- Synthetic graphite: 1074 to 1075 S/m

- Natural graphite: 10”3 to 1074 S/m

- Graphene layers: Up to 1076 S/m in ideal conditions

The obtained value suggests that the specific graphite sample exhibits good electrical



conductivity, suitable for high-frequency electromagnetic applications.
Practical Considerations

- Material Purity: Impurities and defects can significantly reduce conductivity.

- Structural Anisotropy: Graphite's layered structure leads to anisotropic electrical
properties; conduction is generally better within the planes than perpendicular to them.
- Frequency Dependence: Skin depth decreases with increasing frequency, potentially
leading to surface effects dominating in very high-frequency regimes.

Applications

Understanding and accurately determining the conductivity based on skin depth
measurements enables:

- Design of efficient electrodes

- Optimization of electromagnetic shielding

- Development of high-frequency electronic components
- Material characterization for quality control

Conclusion

This detailed investigation demonstrates that, given the skin depth of 0.16 mm at 100
MHz, the electrical conductivity of the graphite sample is approximately 98,500 S/m. This
calculation exemplifies how fundamental electromagnetic principles can be employed to
derive intrinsic material properties from measurable parameters. Such insights are vital
for advancing the application of graphite in high-frequency electronics and for guiding
material synthesis and processing to meet specific electrical requirements.

The ability to correlate skin depth with conductivity not only enhances our understanding
of graphite's electromagnetic behavior but also provides a practical framework for
characterizing other conductive materials across various frequency regimes. As
technology continues to push into higher frequencies and more demanding applications,
precise material characterization remains a cornerstone of innovation and performance
optimization.
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