Calculate The Hollow Conducting Cylinder
With An Inner Diameter A= 10 Mm And
Outer Diameter B= 18 Mm.

Calculate The Hollow Conducting Cylinder With An Inner Diameter A= 10 Mm And Outer
Diameter B= 18 Mm. Understanding how to analyze a hollow conducting cylinder is fundamental
in various engineering and physics applications, including electromagnetism, electrical engineering,
and materials science. Whether you're designing a coaxial cable, analyzing magnetic flux, or
studying the behavior of electromagnetic fields within cylindrical structures, accurately calculating
parameters such as cross-sectional area, resistance, inductance, and capacitance is essential. This
article provides a comprehensive guide to calculating key properties of a hollow conducting cylinder
with specified inner and outer diameters, specifically A= 10 mm and B= 18 mm, ensuring you can
approach similar problems with confidence.

Understanding the Geometry of the Hollow Conducting
Cylinder

Defining the Dimensions

The hollow conducting cylinder in question has:
- Inner diameter, A = 10 mm
- Quter diameter, B = 18 mm

From these diameters, we can derive the following:
- Inner radius, rinner = A/2 = 5 mm
- Outer radius, router = B/2 = 9 mm

This geometry describes a cylindrical shell with a uniform thickness, which is crucial for calculating
its electrical properties.

Calculating the Cross-Sectional Area

The cross-sectional area of the hollow cylinder is the area of the outer circle minus the area of the
inner circle:
\[ A {cross} =\pir {outer}”~2-\pir {inner}”2 = \pi (r {outer}”2-r {inner}"2)\]

Plugging in the values:
\[ A {cross} =\pi (972 -572) \text{ mm}~2 = \pi (81 - 25) \text{ mm}~2 = \pi \times 56 \text{
mm} ™2 \]

Therefore:



\[ A {cross} \approx 3.1416 \times 56 \approx 175.93 \text{ mm} "2 \]

This cross-sectional area is a key parameter in calculating electrical resistance and inductance.

Electrical Properties of the Hollow Conducting Cylinder

Resistivity and Resistance

The resistance of the hollow cylinder depends on the material's resistivity (p) and the length (L) of
the cylinder:
\[ R = \frac{\rho L} {A {cross}} \]

- Resistivity (p): This depends on the material (e.g., copper, aluminum). For copper, p = 1.68 x 10-8
Q'm.

- Length (L): The length of the cylinder must be specified for precise calculations. For example,
assume L = 1 m for demonstration.

Converting the cross-sectional area to SI units:
\[ A {cross} = 175.93 \text{ mm}~2 = 175.93 \times 10" {-6} \text{ m} "2 \]

Calculating resistance:
\[ R = \frac{1.68 \times 10" {-8} \times 1}{175.93 \times 10" {-6}} \approx 0.0000955 \, \Omega \]

This low resistance reflects the high conductivity of materials like copper.

Inductance of the Hollow Cylinder

The inductance per unit length (L') of a hollow cylindrical conductor can be estimated using the
formula:

\[ L' = \frac{\mu 0} {2\pi} \In{\left(\frac{r {outer}}{r {inner}}\right)} \]

where:

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

Plugging in the radii:
\[ L' = \frac{4\pi \times 10" {-7} }{2\pi} \In{\left(\frac{9} {5}\right)} = 2 \times 10~ {-7} \In{1.8} \]

Calculating:
\[ \In{1.8} \approx 0.5878 \]
\[ L' \approx 2 \times 10" {-7} \times 0.5878 \approx 1.1756 \times 10" {-7} \text{ H/m} \]

Total inductance for length L:

\[ L =L"\times L]

ForL=1m:

\[ L \approx 1.1756 \times 10~{-7} \text{ H} \]



Capacitance and Other Parameters

Capacitance Between the Cylinder and Surroundings

If the hollow cylinder acts as a conductor in a capacitor setup, the capacitance depends on its
geometry and the surrounding medium. For a cylindrical shell in free space, the capacitance per unit
length can be approximated as:

\[ C' = \frac{2\pi \varepsilon 0} {\In{\left(\frac{r {outer}}{r {inner}}\right)}} \]

where €0 = 8.854 x 10-12 F/m.

Calculating:
\[ C' = \frac{2\pi \times 8.854 \times 10" {-12}}{0.5878} \approx \frac{55.58 \times
107 {-12}1}{0.5878} \approx 94.55 \times 10" {-12} \text{ F/m} \]

ForlengthL = 1 m:
\[ C \approx 94.55 \text{ pF} \]

Practical Applications and Calculations

Designing Coaxial Cables

A common application of hollow cylinders is in coaxial cable design, where the inner conductor and
outer shield form a hollow cylinder structure. Calculating the resistance and inductance helps
optimize signal integrity and minimize losses.

Magnetic Field Analysis

The magnetic field inside and around the hollow conducting cylinder can be analyzed using
Ampere's Law. The radius dimensions influence the magnetic flux distribution, especially in high-
frequency applications.

Heat Dissipation and Mechanical Strength

Beyond electrical properties, understanding the cross-sectional area assists in estimating heat
dissipation capacity and mechanical strength, which are vital for structural integrity.



Summary of Key Calculations

| Parameter | Formula / Description | Calculation Result |

| | | |

| Inner radius | rinner = A/2 | 5 mm |

| Outer radius | router = B/2 | 9 mm |

| Cross-sectional area | m(router2 - rinner2) | = 175.93 mm?2 |

| Resistance (for 1 m, copper) | pL / Across | = 0.0000955 Q |

| Inductance per meter | (n0/2m) In(router/rinner) | = 1.1756 x 10-7 H |
| Capacitance per meter | (21 €0) / In(router/rinner) | = 94.55 pF |

Conclusion

Calculating the properties of a hollow conducting cylinder with specified dimensions involves
understanding its geometric parameters and applying fundamental electromagnetic formulas. By
deriving the cross-sectional area, resistance, inductance, and capacitance, engineers and physicists
can design and analyze devices that rely on cylindrical structures. The inner diameter of 10 mm and
outer diameter of 18 mm provide a concrete example demonstrating these calculations, which can
be adapted for various materials, lengths, and applications. Mastery of these calculations is essential
for optimizing electrical performance and ensuring the structural integrity of cylindrical conducting
components across multiple fields.

Further Reading and Resources

¢ Electromagnetic Theory by David J. Griffiths
e Introduction to Electrodynamics by David J. Griffiths
e Electrical Engineering Materials by William Bolton

e [EEE Transactions on Microwave Theory and Techniques

Frequently Asked Questions

What is the formula to calculate the resistance of a hollow
conducting cylinder with given inner and outer diameters?

The resistance R is given by R = (p L) / (A), where p is the resistivity, L is the length, and A is the
cross-sectional area of the cylinder's wall, calculated as A = /4 (B"~2 - A™2).



How do I compute the cross-sectional area of a hollow cylinder
with inner diameter 10 mm and outer diameter 18 mm?

Convert diameters to meters: A = 0.01 m, B =0.018 m. Then, area A = (w/4) (B"2 - A™2) = (u/4)
(0.01872-0.01"2) m2.

What resistivity value should I use for copper when calculating
the resistance of the hollow cylinder?

For copper, resistivity p is approximately 1.68 x 10™-8 Q-m at room temperature.

How does the length of the hollow cylinder affect its electrical
resistance?

Resistance is directly proportional to the length L; increasing L increases resistance linearly, as R =
(pL)/A.

Can I use the same formula for calculating inductance of the
hollow cylinder, or is it only for resistance?

The formula provided is for electrical resistance. Calculating inductance involves different
parameters and formulas, typically based on geometry and magnetic properties.

What units should I use for the diameters and resistivity to
ensure consistent calculations?

Convert diameters to meters and resistivity to Q-m to keep units consistent in SI units for accurate
calculations.

How does the thickness of the hollow cylinder affect its
resistance?

The thickness, given by (B - A)/2, affects the cross-sectional area; a larger thickness results in a
larger area and thus lower resistance.

If the length of the cylinder is 1 meter, what is the
approximate resistance using copper's resistivity?

Calculate the cross-sectional area: A = (11/4) (0.01872 -0.0172) = 2.07 x 10”™-4 m?2. Then, R = (1.68
x10"-8Q'm1m)/2.07x10"-4m?=8.12x10"-5Q.

What practical applications use hollow conducting cylinders
with specified inner and outer diameters?

Hollow conducting cylinders are used in electromagnetic shielding, coaxial cables, inductors, and RF



components where controlled geometry affects electrical properties.

Additional Resources

Calculate The Hollow Conducting Cylinder With An Inner Diameter A= 10 Mm And Outer Diameter
B= 18 Mm

When working with electrical engineering and electromagnetic applications, understanding the
physical and electrical properties of conductors is crucial. One common shape encountered in
various devices and systems is the hollow conducting cylinder, especially when analyzing magnetic
fields, capacitance, or resistance. The task of calculate the hollow conducting cylinder with an inner
diameter A= 10 mm and outer diameter B= 18 mm involves determining key parameters such as
cross-sectional area, resistance, inductance, and capacitance. These calculations are essential for
designing components like coaxial cables, electromagnetic shields, or inductors.

In this article, we will provide a comprehensive guide for analyzing such a hollow conducting
cylinder, covering fundamental concepts, detailed calculations, and practical considerations.

Whether you're an engineer, a student, or a researcher, this step-by-step approach will help you
accurately evaluate the properties of the hollow cylinder based on the given dimensions.

Understanding the Geometry of the Hollow Conducting Cylinder

Before delving into calculations, it's important to grasp the physical structure we're analyzing.
Key Dimensions:

- Inner diameter, A = 10 mm

- Outer diameter, B = 18 mm

Derived quantities:

- Inner radius, r1 = A/2 = 5 mm = 0.005 m

- Quter radius, r> = B/2 = 9 mm = 0.009 m

This establishes that the hollow cylinder is a cylindrical shell with a wall thickness of (r2 - r1) = 4
mm.

Step 1: Cross-Sectional Area
The cross-sectional area is fundamental for calculating electrical resistance and inductance.
Calculating the Cross-Sectional Area (A c)

The cross-sectional area of the conducting material (the shell) is the difference between the area of
the outer circle and the inner circle:

\[Ac=\pir 272-\pir 172 =\pi(r 272 -r 172)\]



Plugging in the values:

\[
A ¢ =\pi(0.00972-0.005"2) \text{ m}"2
\]

\[

A ¢ =\pi (8.1 \times 10"~ {-5} - 2.5 \times 10"~ {-5}) = \pi \times 5.6 \times 10~ {-5}

\]

\[

A c\approx 3.1416 \times 5.6 \times 10~ {-5} \approx 1.759 \times 10" {-4} \text{ m} "2
\]

Therefore, the cross-sectional area of the shell is approximately 0.0001759 m?2.

Step 2: Material Properties and Resistance Calculation
To determine the electrical resistance, we need the material's electrical conductivity or resistivity.
Common Conducting Materials:
- Copper: resistivity \( \rho \approx 1.68 \times 10" {-8} \Omega \cdot \text{m} \)
- Aluminum: resistivity \( \rho \approx 2.82 \times 10~ {-8} \Omega \cdot \text{m} \)
- Silver: resistivity \( \rho \approx 1.59 \times 10" {-8} \Omega \cdot \text{m} \)
Assuming copper for this example:
Resistance Calculation:
\[ R = \frac{\rho \times L} {A c} \]
Where:
-\(R)) is the resistance
-\(\rho ) is the resistivity
-\( L) is the length of the cylinder
\(

A c)) is the cross-sectional area

Suppose the length \( L \) of the cylinder is 1 meter for standardization.

\[

R = \frac{1.68 \times 10~ {-8} \times 1}{1.759 \times 10"~ {-4}} \approx 9.55 \times 10~{-5}
\Omega

\]

This indicates the resistance of a 1-meter copper hollow cylinder with the specified dimensions.

Step 3: Inductance of the Hollow Cylinder



The inductance of a hollow conducting cylinder is important in high-frequency applications, such as
inductors or electromagnetic shielding.

Approximate Inductance Formula:
For a hollow cylindrical conductor, the inductance per unit length (L') can be estimated by:
\[ L' \approx \frac{\mu 0} {2\pi} \In{\left(\frac{r 2}{r 1}\right)} \]

where:
-\(\mu_ 0 = 4\pi \times 10" {-7} \text{ H/m} \) (permeability of free space)

Calculating:

\[

L' = \frac{4\pi \times 10" {-7} }{2\pi} \In{\left(\frac{0.009} {0.005 }\right) } = 2 \times 10" {-7}
\times \In{(1.8)}

\]

\[
L' \approx 2 \times 10"~ {-7} \times 0.588 = 1.176 \times 10~ {-7} \text{ H/m}
\]

Foralength \(L = 1 \text{ m}\):

\[

L=L"\timesL =1.176 \times 10™~{-7} \text{ H}
\]

Thus, the inductance is approximately 0.1176 pH per meter length.

Step 4: Capacitance and Shielding Considerations

If the hollow cylinder is used as a capacitor or shield, understanding its capacitance and shielding
effectiveness is necessary.

Capacitance between the cylinder and an external conductor:

The capacitance per unit length can be approximated by:

\[

C' \approx 2\pi \varepsilon 0 \left/ \In{\left(\frac{r 2} {r 1}\right)} \right.
\]

Where:
- \(\varepsilon 0 \approx 8.854 \times 10~ {-12} \text{ F/m}\)

Calculating:



\[

C' = \frac{2\pi \times 8.854 \times 10™{-12} }{\In(1.8)} = \frac{5.56 \times 10~ {-11}}{0.588}
\approx 9.45 \times 10"~ {-11} \text{ F/m}

\]

For a length of 1 meter:

\[
C \approx 94.5 \text{ pF}

\]
Shielding Effectiveness:

The hollow conducting cylinder can serve as an electromagnetic shield, reflecting or absorbing
electromagnetic waves. Its effectiveness depends on:

- Conductivity

- Thickness

- Frequency of incident waves

A thicker wall (larger difference between \(r 2\) and \( r 1)) enhances shielding, as does higher
conductivity.

Practical Considerations and Applications

Material Selection:

Choosing the right material impacts electrical performance, thermal management, and mechanical
strength. Copper and silver are excellent conductors but may be costlier; aluminum provides a good
balance for many applications.

Manufacturing Tolerances:
Precise manufacturing ensures the inner and outer diameters are within tolerances to achieve
desired electrical characteristics. Variations can affect resistance, inductance, and capacitance.

Application Scenarios:

- Coaxial Cables: The hollow cylinder acts as the outer conductor in RF transmission lines.
- Electromagnetic Shielding: Protect sensitive electronics from external interference.

- Inductive Components: Used in resonant circuits or transformers.

Summary and Final Remarks

Calculating the properties of a hollow conducting cylinder with known inner and outer diameters
involves understanding geometry, material properties, and electromagnetic principles. For the given
dimensions:

- Cross-sectional area is approximately 1.76 x 10~ {-4} m?2.
- Electrical resistance per meter (assuming copper) is about 9.55 x 10™~{-5} Q.
- Inductance per meter is roughly 0.1176 pH.



- Capacitance per meter is approximately 94.5 pF.

These parameters serve as foundational data for designing and analyzing systems that incorporate
such hollow conductors. Proper analysis ensures optimal performance, safety, and efficiency in
electromagnetic applications.

Final Thoughts
When designing or analyzing hollow conducting cylinders, always remember:

- Precise measurements are essential for accurate calculations.

- Material properties significantly influence electrical characteristics.

- Application-specific factors such as frequency, temperature, and mechanical constraints must be
considered.

- Combining theoretical calculations with practical testing ensures reliable system performance.

By following this comprehensive guide, engineers and students can confidently evaluate and utilize
hollow conducting cylinders for a variety of electrical and electromagnetic applications.
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