
If 50.0 Cm Of Copper Wire (diameter
1.00 Mm) Is Formed Into A Circular
Loop And Placed Perpendicular
If 50.0 Cm Of Copper Wire (diameter 1.00 Mm) Is Formed Into A Circular Loop
And Placed Perpendicular, it presents an interesting scenario to explore
fundamental principles of electromagnetism, materials science, and circuit
theory. Understanding the physical properties of the wire, the geometry of
the loop, and the magnetic effects involved is essential for analyzing the
behavior of such a setup. This article delves into the detailed physics
underlying this configuration, examining how the wire’s dimensions influence
its electrical resistance, inductance, and magnetic field generation, as well
as potential applications and considerations.

---

Physical Properties of the Copper Wire

Material Characteristics of Copper
Copper is widely used in electrical conductors due to its excellent
electrical conductivity, second only to silver among metals. Its conductivity
is approximately 5.96 × 10^7 S/m, which makes it ideal for efficient current
transmission. Copper also exhibits good thermal conductivity and ductility,
allowing it to be easily shaped into various forms like wires and coils.

Dimensions of the Wire
The wire has a total length of 50.0 cm (0.5 meters) and a diameter of 1.00 mm
(0.001 meters). These dimensions are crucial in determining the wire’s
resistance and inductance.

- Length (L): 0.5 meters
- Diameter (d): 1.00 mm = 0.001 meters
- Radius (r): d/2 = 0.0005 meters

The cross-sectional area (A) of the wire is:
\[ A = \pi r^2 = \pi \times (0.0005)^2 \approx 7.854 \times 10^{-7} \text{
m}^2 \]

---



Calculating Electrical Resistance of the Copper
Wire

Resistivity and Resistance
The resistance \( R \) of a wire is given by:
\[ R = \frac{\rho \times L}{A} \]
where:
- \( \rho \) is the resistivity of copper, approximately \( 1.68 \times
10^{-8} \ \Omega \cdot \text{m} \),
- \( L \) is the length of the wire,
- \( A \) is the cross-sectional area.

Plugging in the values:
\[ R = \frac{1.68 \times 10^{-8} \times 0.5}{7.854 \times 10^{-7}} \approx
0.0107 \ \Omega \]

This low resistance indicates that the wire can carry appreciable currents
with minimal energy loss, making it suitable for electromagnetic
applications.

---

Forming the Circular Loop

Determining the Loop’s Radius and Area
When the wire is formed into a circular loop, the total length of wire
corresponds to the circumference:
\[ C = 2\pi r \]
\[ r = \frac{C}{2\pi} \]

Given \( C = 0.5 \) meters:
\[ r = \frac{0.5}{2 \pi} \approx \frac{0.5}{6.283} \approx 0.0796 \
\text{meters} \]

The area enclosed by the loop is:
\[ A_{loop} = \pi r^2 \approx \pi \times (0.0796)^2 \approx 0.0199 \
\text{m}^2 \]

---



Magnetic Properties of the Loop

Magnetic Field at the Center of the Loop
When an electric current flows through the loop, it generates a magnetic
field perpendicular to the plane of the loop. The magnetic field at the
center of a current-carrying circular loop is given by:
\[ B = \frac{\mu_0 I}{2 r} \]
where:
- \( \mu_0 = 4\pi \times 10^{-7} \ \text{T}\cdot \text{m/A} \) (permeability
of free space),
- \( I \) is the current in the wire,
- \( r \) is the radius of the loop.

If a current \( I \) flows through the wire, the magnetic field depends
directly on the current and inversely on the radius.

Inductance of the Circular Loop
The inductance \( L \) of a single circular loop can be approximated by:
\[ L = \mu_0 r \left( \ln{\frac{8r}{a}} - 2 \right) \]
where:
- \( a \) is the radius of the wire cross-section \( (0.0005 \text{ m}) \),
- \( r \) is the radius of the loop.

Calculating:
\[ L = 4\pi \times 10^{-7} \times 0.0796 \left( \ln{\frac{8 \times
0.0796}{0.0005}} - 2 \right) \]

First, compute the logarithmic term:
\[ \frac{8 \times 0.0796}{0.0005} = \frac{0.6368}{0.0005} \approx 1273.6 \]
\[ \ln 1273.6 \approx 7.15 \]

Now, the inductance:
\[ L \approx 4\pi \times 10^{-7} \times 0.0796 \times (7.15 - 2) \]
\[ L \approx 1.257 \times 10^{-6} \times 0.0796 \times 5.15 \]
\[ L \approx 1.257 \times 10^{-6} \times 0.410 \]
\[ L \approx 5.15 \times 10^{-7} \ \text{H} \]

This inductance is very small, but significant in high-frequency
applications.

---



Applications and Practical Considerations

Electromagnetic Induction and Transformers
Such a copper loop can serve as a fundamental component in electromagnetic
induction experiments, transformers, or inductors. It demonstrates how
current flows generate magnetic fields, which are key to the operation of
transformers and wireless power transfer systems.

Heating and Resistance Effects
Given the resistance (~0.0107 Ω), passing a high current could cause heating
due to resistive dissipation:
\[ P = I^2 R \]

For example, a current of 1 A would dissipate:
\[ P = 1^2 \times 0.0107 \approx 0.0107 \ \text{W} \]
which is minimal, but higher currents could lead to significant heating,
necessitating cooling or current limitations.

Mechanical and Structural Durability
Forming the wire into a perfect circle requires careful handling to prevent
deformation or damage. The ductility of copper allows for easy shaping, but
mechanical stresses should be considered to avoid fractures.

---

Summary and Conclusion

Transforming 50.0 cm of copper wire with a diameter of 1.00 mm into a
circular loop introduces various electrical and magnetic properties that are
fundamental to understanding electromagnetism. The low resistance of the wire
ensures efficient current flow, while the small inductance influences how the
loop responds to changing currents. The magnetic field generated by the
loop’s current has applications in inductors and electromagnetic devices.
Practical considerations such as heating, mechanical stability, and
application-specific parameters are vital when designing real-world systems
based on such a configuration. Understanding these principles allows
engineers and physicists to innovate in fields ranging from electrical
engineering to wireless communications, leveraging the properties of simple
structures like copper loops for advanced technological solutions.

---
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Frequently Asked Questions

How do you calculate the radius of a circular copper
wire loop formed from 50.0 cm of wire with a
diameter of 1.00 mm?
First, find the length of the wire in meters (0.50 m). The circumference of
the loop equals this length: C = 0.50 m. The radius r is given by C = 2πr, so
r = C / (2π) = 0.50 / (2π) ≈ 0.0796 meters or 7.96 cm.

What is the cross-sectional area of the copper wire
with a diameter of 1.00 mm?
The cross-sectional area A = πr², where r = diameter/2 = 0.5 mm = 0.0005 m.
So, A = π × (0.0005 m)² ≈ 7.85 × 10⁻⁷ m².

How does the magnetic field at the center of the
circular loop depend on the current passing through
it?
The magnetic field B at the center of a current-carrying loop is given by B =
(μ₀ I) / (2r), where μ₀ is the permeability of free space, I is the current,
and r is the radius of the loop. So, the magnetic field is directly
proportional to the current.

If the copper wire is formed into a loop and a
current of 1.0 A flows through it, what is the
magnetic field at the center of the loop?
Using B = (μ₀ I) / (2r), with μ₀ ≈ 4π × 10⁻⁷ T·m/A and r ≈ 0.0796 m, B ≈ (4π
× 10⁻⁷ × 1.0) / (2 × 0.0796) ≈ 7.89 × 10⁻⁶ T.

What factors influence the resistance of the copper
wire forming the loop?
The resistance R depends on the resistivity ρ of copper, the length L of the
wire, and its cross-sectional area A, given by R = ρL / A. Therefore, longer
wires or smaller cross-sectional areas increase resistance, while the



material's resistivity remains constant.

Additional Resources
When a copper wire measuring 50.0 cm in length and with a diameter of 1.00 mm
is formed into a circular loop and positioned perpendicularly, a fascinating
exploration of electrical and physical properties unfolds. Such a simple
transformation from a linear wire to a loop encapsulates many fundamental
principles of electromagnetism, materials science, and geometry. Analyzing
this scenario provides insights into how the physical dimensions influence
electrical resistance, inductance, magnetic field generation, and practical
applications in engineering and technology.

Introduction: The Intersection of Geometry and
Electricity

Copper, renowned for its excellent electrical conductivity, is a staple
material in electrical wiring and electronic components. When a copper wire
is fashioned into a loop, the geometric transformation alters its
electromagnetic characteristics. This scenario—forming a 50.0 cm copper wire
with a diameter of 1.00 mm into a circular loop and placing it
perpendicular—serves as a foundational example to understand concepts like
resistance, inductance, magnetic fields, and their real-world implications.

The process begins with understanding the physical properties of the wire,
translating length and diameter into parameters that influence resistance and
magnetic behavior. The orientation—perpendicular placement—introduces
considerations related to magnetic field interactions, especially in dynamic
contexts like current flow or external magnetic fields.

Physical and Geometrical Properties of the
Copper Loop

1. Calculating Cross-Sectional Area

The cross-sectional area of the wire determines its resistance and current-
carrying capacity. Since the wire has a diameter of 1.00 mm, its radius (\( r
\)) is:

\[
r = \frac{d}{2} = \frac{1.00\, \text{mm}}{2} = 0.50\, \text{mm} = 0.50 \times
10^{-3}\, \text{m}



\]

The cross-sectional area (\( A \)):

\[
A = \pi r^2 = \pi \times (0.50 \times 10^{-3})^2 \approx 3.1416 \times 0.25
\times 10^{-6} = 7.854 \times 10^{-7}\, \text{m}^2
\]

This small cross-sectional area influences the resistance and inductance of
the loop.

2. Calculating the Loop's Circumference and Radius

The total length of the wire (\( L \)) is 50.0 cm, or 0.50 m. When formed
into a circle:

\[
\text{Circumference} (C) = L = 0.50\, \text{m}
\]

The radius (\( R_{loop} \)) of the circle:

\[
R_{loop} = \frac{C}{2\pi} = \frac{0.50}{2 \pi} \approx \frac{0.50}{6.2832}
\approx 0.0796\, \text{m}
\]

The diameter of the loop:

\[
D_{loop} = 2 R_{loop} \approx 0.1592\, \text{m} \approx 15.92\, \text{cm}
\]

This relatively small radius suggests a compact loop, which has significant
implications for magnetic fields and inductance.

Electrical Resistance of the Copper Loop

1. Fundamental Principles

Electrical resistance (\( R \)) in a conductor depends on the material’s
resistivity (\( \rho \)), the length of the conductor (\( L \)), and its
cross-sectional area (\( A \)):



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

For copper at room temperature, the resistivity is approximately:

\[
\rho_{Cu} \approx 1.68 \times 10^{-8}\, \Omega\, \text{m}
\]

2. Resistance Calculation

Using the known values:

\[
R = \frac{1.68 \times 10^{-8} \times 0.50}{7.854 \times 10^{-7}} \approx
\frac{8.4 \times 10^{-9}}{7.854 \times 10^{-7}} \approx 0.0107\, \Omega
\]

This very low resistance (~10.7 milliohms) indicates the wire is highly
conductive, allowing significant current flow with minimal energy loss—an
essential trait for electrical applications.

3. Implications of Resistance

- Current Limitations: The low resistance allows for high currents without
significant heating.
- Power Dissipation: Power loss (\( P = I^2 R \)) remains minimal for
moderate currents.
- Signal Transmission: The low resistance makes such a loop suitable for
applications like inductors or antenna elements, where minimal resistive
losses are desired.

Magnetic Properties: Inductance and Magnetic
Field Generation

1. Inductance of a Circular Loop

Inductance (\( L \)) is a measure of a coil’s ability to induce emf when
current changes. For a single-turn circular loop, the inductance can be
approximated by:



\[
L \approx \mu_0 R_{loop} \left( \ln{\frac{8 R_{loop}}{r}} - 2 \right)
\]

where:

- \( \mu_0 = 4\pi \times 10^{-7}\, \text{H/m} \) (permeability of free space)
- \( R_{loop} \) is the radius of the loop
- \( r \) is the radius of the wire

Calculating the logarithmic term:

\[
\ln{\frac{8 R_{loop}}{r}} = \ln{\frac{8 \times 0.0796}{0.0005}} =
\ln{\frac{0.6368}{0.0005}} = \ln{1273.6} \approx 7.15
\]

Plugging in values:

\[
L \approx 4\pi \times 10^{-7} \times 0.0796 \times (7.15 - 2) = 4\pi \times
10^{-7} \times 0.0796 \times 5.15
\]

\[
L \approx (1.2566 \times 10^{-6}) \times 0.0796 \times 5.15 \approx 1.2566
\times 10^{-6} \times 0.410 \approx 5.16 \times 10^{-7}\, \text{H}
\]

or approximately 0.516 μH (microhenries).

Implications:

- The small inductance reflects the loop's limited ability to oppose changes
in current, yet it is sufficient for many radio-frequency and inductive
applications.
- The inductance scales with the size and shape of the loop, making the
physical dimensions crucial design parameters.

2. Magnetic Field at the Center

When current flows through the loop, it produces a magnetic field at the
center given by:

\[
B = \frac{\mu_0 I}{2 R_{loop}}
\]

where \( I \) is the current. For example, at 1 A:



\[
B = \frac{4\pi \times 10^{-7} \times 1}{2 \times 0.0796} \approx \frac{1.2566
\times 10^{-6}}{0.1592} \approx 7.9 \times 10^{-6}\, \text{T}
\]

This field is in the microtesla range, emphasizing the loop's potential in
sensitive magnetic detection or as a component in electromagnetic devices.

Orientation and Placement: Perpendicular
Positioning

1. Significance of Perpendicular Placement

Positioning the copper loop perpendicular to a reference plane (e.g., the
ground or an external magnetic field) is essential in experiments and
applications involving magnetic flux, Faraday’s law, and electromagnetic
induction.

- Flux Cutting: When a magnetic field is applied perpendicular to the plane
of the loop, changing the current or external magnetic field induces an emf.
- Electromagnetic Compatibility: Perpendicular orientation minimizes or
maximizes coupling with other magnetic sources, depending on the scenario.

2. Practical Considerations

- The orientation affects the magnetic flux linkage with the loop.
- When placed perpendicular to a magnetic field, the flux (\( \Phi \))
passing through the loop is maximized:

\[
\Phi = B \times A_{loop}
\]

where:

\[
A_{loop} = \pi R_{loop}^2 \approx 3.1416 \times (0.0796)^2 \approx 3.1416
\times 0.00634 \approx 0.0199\, \text{m}^2
\]

Thus, the magnetic flux at 1 T field:

\[
\Phi \approx 1 \times 0.0199 \approx 0.0199\, \text{Wb}



\]

- Changing flux induces emf according to Faraday's law:

\[
\mathcal{E} = - \frac{d\Phi}{dt}
\]
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