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Introduction to Air-core Solenoids

Overview and Significance

An air-core solenoid has N = 765 turns, D = 0.19 meters in length, and a cross-sectional area A =
0.074 square meters. These parameters define a specific type of electromagnetic coil widely used in
various applications, including inductors, electromagnets, radio-frequency devices, and experimental
physics setups. Unlike solenoids with magnetic cores, air-core solenoids rely solely on the magnetic
permeability of free space, making their behavior predictable and ideal for certain high-frequency
applications. Understanding the characteristics and calculations related to this particular solenoid
provides insight into its performance, inductance, and applications.

Fundamental Parameters and Their Significance

Number of Turns (N)

The number of turns directly influences the magnetic field strength and inductance of the solenoid.
With N = 765, the coil has a relatively high number of turns, which enhances the magnetic flux
generated for a given current.

Diameter and Length (D)

- Diameter (D) = 0.19 meters (or 19 centimeters)
- Length (L) = 0.19 meters

The length and diameter determine the shape and spatial extent of the magnetic field. A length equal
to the diameter suggests a relatively compact coil, which affects the uniformity of the magnetic field
along its axis.

Cross-sectional Area (A)

The cross-sectional area A = 0.074 m? indicates the size of the coil's core area through which the
magnetic flux passes. This area influences the flux density and the inductance.



Calculating the Inductance of the Air-core Solenoid

Introduction to Inductance

Inductance (L) measures a coil's ability to store magnetic energy. For an air-core solenoid, the
inductance depends on the number of turns, length, and cross-sectional area.

Standard Formula for Inductance

The inductance of an ideal solenoid with an air core is given by:

\[
L =\mu_0 \times \frac{N"2 \times A}{L}

\]

where:

-\(\mu_0 = 4\pi \times 10~ {-7} \, \text{H/m}\) (permeability of free space)
- \(N\) = number of turns

- \(A\) = cross-sectional area

-\(L\) = length of the solenoid

Calculating with Given Data

Plugging in the values:

\[
L = 4\pi \times 10" {-7} \times \frac{(765)"2 \times 0.074}{0.19}

\]

Step-by-step calculation:
1.\(N*2 = 76572 = 585,225)\)
2. Numerator: \(4\pi \times 10"~ {-7} \times 585,225 \times 0.074\)

Calculating numerator:

-\(4\pi \times 10" {-7} \approx 1.2566 \times 10"~ {-6}\)
-\(1.2566 \times 10"~ {-6} \times 585,225 \approx 0.736\)
-\(0.736 \times 0.074 \approx 0.0545\)

Finally, dividing by the length:

\[

L \approx \frac{0.0545}{0.19} \approx 0.287 \, \text{H}
\]

Result: The inductance of this air-core solenoid is approximately 0.287 Henrys.



Magnetic Field and Flux Density

Magnetic Field Inside the Solenoid (B)

The magnetic field inside a long solenoid is given by:

\[
B = \mu_0 \times \frac{N}{L} \times |

\]

where \(\) is the current passing through the coil. The magnetic flux density \(B\) indicates the
intensity of the magnetic field at any point inside the solenoid.

Magnetic Flux (®)

The total magnetic flux passing through the cross-sectional area is:

\[
\Phi = B \times A

\]

This flux is crucial in understanding the induced emf when the current changes, owing to Faraday's
law.

Applications and Practical Considerations

Uses of Air-core Solenoids

- Radio transmitters and receivers, where high-frequency stability is critical.

- Magnetic field experiments, requiring minimal core hysteresis and saturation.

- Inductive components in circuits, especially where core saturation or non-linear characteristics are
undesirable.

- Electromagnets for lifting and actuation, especially at lower power levels.

Advantages of Air-core Design

- No magnetic core saturation, enabling higher magnetic fields for a given current.
- Minimal hysteresis and eddy current losses.
- Better linearity and predictable inductance.

Limitations and Challenges

- Lower inductance compared to ferromagnetic core solenoids of similar dimensions.



- Larger physical size to achieve high inductance.
- Less efficient magnetic flux concentration, requiring more turns or higher current.

Design Considerations for the Given Parameters

Optimizing the Number of Turns

- Increasing N enhances inductance and magnetic field strength but also increases resistance and
parasitic capacitance.
- Trade-offs involve balancing inductance with physical size and power consumption.

Material and Construction

- Using high-quality wire minimizes resistance.
- Ensuring uniform winding reduces parasitic inductances and capacitances.
- Maintaining precise dimensions ensures predictable performance.

Safety and Power Handling

- Adequate insulation to handle the required current.
- Managing heat dissipation due to resistive losses.
- Incorporating appropriate power supplies and control circuits.

Conclusion

The specified air-core solenoid with 765 turns, a length of 0.19 meters, and a cross-sectional area of
0.074 square meters exhibits a substantial inductance of approximately 0.287 Henrys. Its design
parameters influence its magnetic field strength, flux density, and overall performance. Such a coil is
particularly advantageous in applications requiring linear magnetic behavior and high-frequency
stability, owing to its lack of magnetic saturation and hysteresis effects. Proper understanding of its
inductance, field characteristics, and practical considerations enables engineers and physicists to
optimize its use in diverse technological applications, from radio frequency components to scientific
experiments.
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Frequently Asked Questions



What is the magnetic field inside the air-core solenoid when a
current | flows through it?

The magnetic field inside the solenoid is given by B = po (N / L) |, where o is the permeability of free
space, N is the number of turns, L is the length, and | is the current.

How is the magnetic field strength affected if the number of
turns N increases while keeping other parameters constant?

The magnetic field strength increases proportionally with N, since B « N, meaning more turns produce
a stronger magnetic field for the same current.

What is the formula to calculate the inductance of this air-
core solenoid?

The inductance L is given by L = pgo (N2 A) / L, where N is the number of turns, A is the cross-sectional
area, and L is the length of the solenoid.

If the current through the solenoid changes, what is the
induced emf and how is it related to the rate of current
change?

The induced emf is given by Faraday's law: emf = -L (dl/dt), where L is the inductance and dl/dt is the
rate of change of current.

How does the cross-sectional area A influence the magnetic
flux in the solenoid?

The magnetic flux ® is proportional to the magnetic field B and the cross-sectional area A, so
increasing A increases the flux ® = B A.

What practical applications utilize the magnetic field
generated by such an air-core solenoid?

Air-core solenoids are used in electromagnets, inductors in circuits, magnetic resonance imaging
(MRI) coils, and radio frequency antennas due to their ability to generate controlled magnetic fields.

Additional Resources

An Air-core Solenoid: In-Depth Analysis of Design, Characteristics, and Applications



Introduction to Air-core Solenoids

An air-core solenoid is a type of electromagnet characterized by a coil of wire wound in a cylindrical
form, designed without any magnetic core material such as iron or ferrite. The magnetic field is
generated solely by the current passing through the coil, and the magnetic properties are primarily
influenced by the coil’'s geometry and the current flowing through it.

This review delves into a specific air-core solenoid with the following parameters:
- Number of turns, N = 765

- Diameter, D = 0.19 meters (190 mm)

- Length, L = 0.19 meters

- Cross-sectional area, A = 0.074 m?2

Understanding these parameters allows us to analyze the magnetic field characteristics, inductance,
resistance, and potential applications of this solenoid.

Physical and Geometrical Characteristics

Dimensions and Geometry

The given parameters establish a relatively compact solenoid with specific physical features:

- Diameter (D): 0.19 m (190 mm)
- Length (L): 0.19 m (190 mm)
- Cross-sectional Area (A): 0.074 m?

Given the diameter, the radius (r) can be calculated as:

\[ r =\frac{D}{2} =\frac{0.19}{2} = 0.095\, \text{m} \]

The cross-sectional area, assuming a circular cross-section, aligns with the formula:

\[ A =\pir~2\approx 3.1416 \times (0.095)"2 \approx 0.0284\, \text{m}"~2\]

However, the problem states A = 0.074 m?, which suggests the cross section might be elliptical or a
different shape, or perhaps an approximation. For simplicity, we proceed assuming a circular cross

section and interpret the given area as an effective or approximate value, which might account for
the entire coil’s cross-sectional footprint.



Number of Turns and Winding Density

The coil contains N = 765 turns, which significantly influences the magnetic field strength and
inductance.

- Turns per unit length (n):
\[ n =\frac{N}{L} = \frac{765}{0.19} \approx 4026.32\, \text{turns/m} \]

This high winding density indicates a tightly wound coil, increasing the magnetic field and inductance
but also affecting the resistance and heat dissipation.

Magnetic Field in an Air-core Solenoid

Magnetic Field Formula

For an ideal solenoid with N turns, length L, and current |, the magnetic field (B) at the center is given
by:

\[ B =\mu_0 \times n \times | = \mu_0 \times \frac{N} {L} \times I'\]
Where:
-\(\mu_0) is the permeability of free space (\( 4\pi \times 10" {-7}\, \text{H/m} \))

-\( n\) is the turns per unit length
-\( 1\) is the current passing through the coil

Numerical Calculation of Magnetic Field

For a given current, the magnetic field at the center becomes:
\[ B = 4\pi \times 10" {-7} \times 4026.32 \times I \]

\[ B \approx 5.055 \times 10" {-3} \times I\, (\text{Tesla}) \]
Thus, for example, if the currentis 1 A:

\[ B \approx 5.055\, \text{mT} \]

This indicates a moderate magnetic field strength suitable for various applications, such as magnetic
resonance, sensors, or inductive coupling.



Inductance of the Air-core Solenoid

Formula for Inductance

The inductance (L) of a solenoid with N turns, length L, and cross-sectional area A is approximated by:
\[ L =\mu_0 \times N~2 \times \frac{A}{L} \]

Plugging in the values:

\[ L = 4\pi\times 10~ {-7} \times (765)"2 \times \frac{0.074}{0.19} \]

Calculations step-by-step:

1.\(N"2 =765"2 = 585,225)
2.\(\mu_0 \times N2 = 4\pi \times 10~ {-7} \times 585,225 \approx 4\pi \times 0.000000585225 \)

\[ \approx 4 \times 3.1416 \times 0.000000585225 \]

\[ \approx 12.5664 \times 0.000000585225 \approx 7.353 \times 10" {-6} \]

3. Multiply by \( \frac{A}{L} = \frac{0.074}{0.19} \approx 0.389)

Finally:

\[ L \approx 7.353 \times 10~ {-6} \times 0.389 \approx 2.86 \times 10" {-6}\, \text{H} \]
or approximately 2.86 uH.

Interpretation: The inductance is relatively low, which is typical for air-core coils with these
dimensions but still significant enough for RF and sensor applications.

Resistance and Power Dissipation

The Resistance of the Coil

The resistance (R) depends on the wire material, length, and cross-sectional area.

- Total length of wire (l):



\[ I = N \times \text{mean turn length} \]

The mean turn length (circumference):

\[ C = \pi D = 3.1416 \times 0.19 \approx 0.596\, \text{m} \]

Total wire length:

\[ | = 765 \times 0.596 \approx 455.5\, \text{m} \]

- Resistivity of copper (\( \rho \)):

\[ \rho \approx 1.68 \times 10~ {-8}\, \Omega \cdot \text{m} \]

- Cross-sectional area of wire (a): depends on wire gauge; assume a typical AWG 20 wire with
approximately 0.518 mm diameter (\( a \approx 2.12 \times 10" {-7}\, \text{m}~2)). For precise
calculations, wire gauge specifics are needed, but we proceed with this assumption.

- Resistance calculation:

\[ R = \frac{\rho \times 1}{a} \]

\[ R = \frac{1.68 \times 10" {-8} \times 455.5}{2.12 \times 10"~ {-7}} \approx \frac{7.655 \times
107{-6}}{2.12 \times 107~ {-7}} \approx 36.1\, \Omega \]

Note: Actual resistance can vary based on wire gauge and temperature.

Power Dissipation at a Given Current

Using \( | = 1\, \text{A} \):
\[ P=1"2R =172 \times 36.1 \approx 36.1\, \text{W} \]

This indicates significant heat generation at higher currents, requiring appropriate thermal
management.

Applications and Practical Considerations

Potential Uses of the Specified Solenoid

Given its parameters, this air-core solenoid can serve in various domains:

- Magnetic field generation for scientific experiments: Its moderate magnetic field is suitable for



laboratory demonstrations or calibration purposes.

- RF inductors and antennas: The low inductance and high winding density make it a good candidate
for RF applications, particularly in the MHz range.

- Sensor and measurement devices: Used in inductive sensors or magnetic field detectors.

- Inductive coupling and wireless power transfer: Its dimensions and inductance could serve in small-
scale wireless charging systems or inductive communication.

Design Challenges and Optimization

- Heat management: The high resistance means power dissipation can be substantial; cooling
mechanisms or lower currents might be necessary.

- Core material considerations: While an air-core offers low hysteresis and eddy current losses, it also
results in weaker magnetic fields compared to ferromagnetic cores.

- Winding configuration: To maximize field uniformity, precise winding patterns are essential.

- Material choices: Using thicker wire or wire with higher conductivity reduces resistance.

Summary of Key Parameters

| Parameter | Value | Description |

| ] =] |

| Number of turns (N) | 765 | Total coil turns influencing magnetic field strength and inductance |
| Diameter (D) | 0.19 m | Overall coil diameter |

| Length (L) | 0.19 m | Axial length of the coil |

| Cross-sectional area (A) | 0.074 m? | Effective area influencing magnetic flux |

| Turns
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