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Understanding the principles of electromagnetism is fundamental in physics and electrical
engineering. When an alternating current (AC) flows through a loop or coil, it creates a magnetic field
that varies with time. This phenomenon is the basis for many devices, including transformers,
inductors, and wireless chargers. A particularly interesting scenario involves two loops of the same
area, where one experiences a changing magnetic environment due to AC, while the other remains
static or is influenced differently. Exploring these differences sheds light on how magnetic fields
interact with conductive loops and how they can be harnessed for practical applications.

How AC Currents Create Changing Magnetic Fields

The Basics of Electromagnetic Induction

Electromagnetic induction is the process by which a changing magnetic field within a closed loop
induces an electromotive force (EMF) or voltage across the loop. When an AC current flows through a
wire, it produces a magnetic field that alternates direction and magnitude in sync with the current.
This changing magnetic field induces currents in nearby conductive loops, which is the principle
behind transformers and inductors.

The Role of Frequency and Amplitude

The frequency of the AC current determines how rapidly the magnetic field changes. Higher
frequencies lead to more rapid variations, increasing the induced EMF in neighboring loops. The
amplitude (or magnitude) of the current influences the strength of the magnetic field itself; larger
currents produce stronger magnetic fields, thus inducing larger voltages in nearby loops.

The Significance of Loop Area in Magnetic Induction

Magnetic Flux and Loop Area
Magnetic flux (®) through a loop is given by:

e ® =B x A x cos(9)



where:

e B
is the magnetic field strength,
e A
is the area of the loop,
L)
is the angle between the magnetic field and the normal to the loop's surface.

When the magnetic field is perpendicular to the plane of the loop (6 = 0°), the flux simplifies to ® = B
x A. Therefore, larger loops with the same magnetic field experience greater flux, resulting in higher
induced EMF when the magnetic field changes.

Equal Areas, Different Responses

Suppose two loops are of identical area but differ in some physical characteristic or placement
relative to the magnetic field source. The loop with a larger magnetic flux linkage or a different
orientation will experience a different induced EMF, despite having the same physical size.

Two Loops with the Same Area: One Is Static, the
Other Is Dynamic

Loop A: Static or Non-Conductive
This loop might be made of a non-conductive material or positioned such that it does not experience a
changing magnetic flux. For example, it could be a stationary loop placed far from the AC source, or
constructed from insulating material with no conductive path for current. In such cases:

e No induced current occurs in Loop A.

e The magnetic flux through Loop A remains constant or zero.

e |t does not produce any electromagnetic effects related to the AC source.

Loop B: Dynamic, Inducing or Being Induced

This loop is positioned where it experiences a changing magnetic flux due to the AC current in a
nearby coil or conductor. Such a loop:

¢ Induces an EMF as the magnetic flux varies with the AC cycle.
e Generates a current if part of a closed circuit.

e Can be used to detect or harness electromagnetic induction effects.



Implications of the Difference: Practical Applications

Transformers and Energy Transfer

Transformers rely on two loops with the same area (or proportional areas) to transfer energy
efficiently. The primary coil carries AC current, producing a changing magnetic field that induces a
voltage in the secondary coil. The effectiveness depends on:

¢ Both coils having similar or proportional areas.
e Shared magnetic core to concentrate flux.

e Matching impedances for optimal power transfer.

Wireless Power Transfer

Wireless charging devices use a coil with AC current to create a changing magnetic field. Nearby
loops (receivers) with the same area or similar properties induce currents without direct contact. The

efficiency hinges on:
¢ Alignment of loops.
e Frequency of the AC current.

¢ Area of the receiver coil relative to the transmitter coil.

Electromagnetic Compatibility and Shielding

Understanding how static and dynamic loops respond to changing magnetic fields is vital for
electromagnetic compatibility (EMC). Sensitive electronics can be shielded or protected by controlling
their exposure to changing magnetic fields, especially when nearby loops are involved.

Factors That Influence Magnetic Induction in Loops

Orientation of the Loops

The angle between the magnetic field and the normal to the loop’s surface significantly affects the
flux linkage. Loops aligned perpendicular to the magnetic field experience the maximum flux change,
leading to stronger induced EMF.



Distance from the Magnetic Source

Magnetic field strength decreases with distance. Loops closer to the AC conductor or coil experience
stronger fields and more substantial induction effects.

Material Properties and Loop Construction

Materials with high magnetic permeability (like iron) can concentrate magnetic flux, enhancing
induction. The number of turns in a coil also affects the total flux linkage, with more turns increasing
the induced EMF proportionally.

Summary: The Key Differences Between Static and
Dynamic Loops

 Static loops with the same area as dynamic ones do not experience changing magnetic flux
unless moved or exposed to a varying magnetic field.

e Dynamic loops placed in changing magnetic fields experience induced EMF and currents,
enabling various electromagnetic devices.

e The area of the loop critically influences the magnitude of induced EMF, with larger areas
generally producing higher voltages under the same magnetic flux variation.

¢ QOrientation, distance, and material properties further affect how loops respond to AC-induced
magnetic fields.

Conclusion

In the realm of electromagnetism, the interaction between AC currents, changing magnetic fields, and
conductive loops is fundamental to modern technology. Two loops with the same area exemplify how
physical size alone does not determine electromagnetic behavior; their position, orientation, and the
presence of a changing magnetic environment are equally important. Understanding these principles
enables engineers and scientists to design efficient transformers, wireless chargers, sensors, and
shielding devices, harnessing the dynamic relationship between electricity and magnetism for
innovative solutions.

Frequently Asked Questions

How does an alternating current (AC) in a loop produce a



changing magnetic field?

An AC in a loop causes the current to vary periodically, which in turn creates a magnetic field that
changes direction and magnitude over time, as described by Faraday's law of electromagnetic
induction.

If two loops have the same area but one is larger in size, how
does that affect the magnetic field produced by AC?

The loop with the larger size (area) will produce a stronger magnetic field for the same current, since
magnetic field strength is proportional to the area of the loop.

What does it mean when one loop is ‘'more effective' in
producing a changing magnetic field with AC?

It typically means the loop has a larger area, better orientation, or higher current, all of which
enhance the magnetic field's strength and its ability to induce emf in nearby conductors.

Why does a change in magnetic field occur when AC flows
through a loop?

Because the AC current varies with time, causing the magnetic field to fluctuate accordingly, in
accordance with Faraday's law.

How does the orientation of a loop affect the magnetic field
produced by AC?

The magnetic field is strongest when the plane of the loop is perpendicular to the magnetic field lines;
changing the orientation alters the field's strength and direction.

What role does the area of a loop play in electromagnetic
induction when driven by AC?

A larger area increases the magnetic flux through the loop, resulting in a greater induced emf when
the magnetic flux changes due to AC.

Can two loops with the same area produce different magnetic
fields if one is 'more’' in some way?

Yes, differences in factors like the number of turns, current magnitude, or orientation can cause
variations in the magnetic field, even if the loops have the same area.

What is the significance of the statement 'One is..."' in the
context of two loops with the same area?

It suggests a comparison, such as one loop being larger, smaller, more oriented, or having different



properties that influence the magnetic field produced by AC.

How does the changing magnetic field from an AC loop induce
emf in nearby conductors?

The fluctuating magnetic flux through the conductor induces an emf according to Faraday's law,
which is the basis for transformers, inductors, and many electrical devices.

Why is the concept of changing magnetic fields important in
electrical engineering?

Changing magnetic fields are fundamental for the operation of transformers, electric generators,
inductors, and wireless communication devices, enabling energy transfer and signal modulation.

Additional Resources
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Introduction: The Interplay of Electric Currents and
Magnetic Fields

In the realm of electromagnetism, the relationship between electric currents and magnetic fields
forms a foundational principle that underpins countless technological applications—from transformers
and electric motors to wireless communication and medical imaging. At the heart of this interplay lies
Faraday's Law of Electromagnetic Induction, which states that a changing magnetic flux through a
loop induces an electromotive force (emf) in that loop. This phenomenon is especially pronounced
when alternating current (AC) flows through a conductor, creating a dynamic magnetic environment.

A particularly illustrative scenario involves two loops with identical areas, but with one experiencing a
changing magnetic environment while the other remains static or less affected. This comparison
highlights the nuanced effects of magnetic flux variation, the influence of coil geometry, and the
implications for electromagnetic devices.

This article delves into the physics of AC-induced magnetic fields, analyzes the effects on loops of
equal size, and explores the broader significance of these principles in science and engineering.



Fundamental Concepts: Magnetic Fields, Magnetic
Flux, and AC Currents

Magnetic Fields and Electric Currents

Electric currents generate magnetic fields—a fact first experimentally demonstrated by Hans Christian
@rsted in 1820. When an electric current flows through a conductor, it produces a magnetic field that
encircles the wire, following the right-hand rule: fingers curl in the direction of the magnetic field
lines, with the thumb pointing in the direction of current flow.

In the case of a loop or coil, the magnetic field is concentrated within the interior of the loop, creating
a magnetic flux that depends on the current magnitude and the geometry of the coil.

Magnetic Flux

Magnetic flux (\(\Phi\)) quantifies the total magnetic field passing through a given area.
Mathematically, it is expressed as:

\[
\Phi = B \times A \times \cos(\theta)

\]

where:

-\(B\) is the magnetic flux density (Tesla),

-\(A\) is the area of the loop (square meters),

- \(\theta\) is the angle between the magnetic field and the normal (perpendicular) to the plane of the
loop.

In scenarios where the magnetic field is uniform and perpendicular to the loop (\(\theta = 0™\circ\)),
the flux simplifies to \(\Phi = B \times A\).

Alternating Current and Its Effect on Magnetic Fields

Alternating current (AC) oscillates sinusoidally, typically at frequencies like 50 Hz or 60 Hz, causing
the current to vary in magnitude and direction over time. This variation results in a magnetic field that
is continually changing both in strength and orientation.

The changing magnetic field induces an emf in nearby conductive loops, as described by Faraday's
Law:

\[
\text{emf} = - \frac{d\Phi}{dt}

\]



This phenomenon underpins how transformers operate, with the changing magnetic flux in the
primary coil inducing a voltage in the secondary coil.

Analyzing the Scenario: Two Loops with the Same Area

Setup of the Problem

Imagine an AC current-carrying coil (the primary) generating a time-varying magnetic field. Two
secondary loops, each with the same area \(A\), are positioned in the vicinity of this coil. The key
difference is that:

- Loop 1 is placed directly within the magnetic field, experiencing a significant flux variation.
- Loop 2 is positioned farther away or oriented differently, resulting in a reduced or negligible change
in flux.

Alternatively, the problem could involve two loops with identical areas, but with different orientations
relative to the magnetic field or different exposure to the changing magnetic environment.

Impact of Area and Orientation on Magnetic Flux

Since magnetic flux depends on both the area and the orientation, the same area does not guarantee
identical flux or emf induction:

- Same Area, Different Orientation: If one loop is oriented such that its plane is perpendicular to the
magnetic field (\(\theta = 0™\circ\)), it will experience maximum flux. If the other is inclined (\(\theta
\neq 07\circ\)), its flux will be reduced by \(\cos(\theta)\).

- Same Area, Different Location: A loop placed closer to the AC coil experiences a stronger magnetic
field, thus a larger \(B\), leading to a greater flux change over time.

Key Point: The magnitude and rate of change of magnetic flux are critical in determining the induced
emf, not just the physical size of the loop.

The Physics of Changing Magnetic Fields and Induced
emf



Faraday's Law in Action

The core principle governing the phenomena is Faraday's Law, which states that the emf induced in a
loop is proportional to the negative rate of change of magnetic flux:

\[
\text{emf} = - \frac{d\Phi}{dt}
\]

For a sinusoidally varying magnetic field:

\[
B(t) = B_0 \sin(\omega t)
\]

where:
-\(B_0\) is the amplitude of magnetic flux density,
-\(\omega = 2\pi f\) is the angular frequency.

The flux through the loop becomes:

\[
\Phi(t) = B(t) \times A \times \cos(\theta) = B_0 A \sin(\omega t) \cos(\theta)
\]

The induced emf is then:

\[
\text{emf}(t) = - \frac{d\Phi}{dt} = - B_0 A\omega \cos(\omega t) \cos(\theta)
\]

This expression indicates that:

- The emf oscillates sinusoidally.
- Its magnitude depends on the area \(A\)), the frequency \(\omega\), and the orientation \(\theta\).

Implication: Even if two loops have the same area, the one with a more favorable orientation or closer
proximity to the source of the magnetic field will experience a larger emf.

Comparison Between the Two Loops

Given the above, the primary factors influencing the emf induced in each loop are:

- Proximity to the AC coil: Closer loops experience a larger \(B(t)\).

- Orientation relative to magnetic field lines: Perpendicular orientation yields maximum flux change.
- Positioning within the magnetic field: Loops within the magnetic field's region of highest intensity
experience greater flux variation.



In practice, even with identical areas, the loop exposed to a stronger, more rapidly changing magnetic
flux will generate a higher induced emf.

Implications for Electromagnetic Devices and Practical
Applications

Transformers and Power Transmission

Transformers rely on the principle that a changing magnetic flux in the primary coil induces an emf in
the secondary coil. The efficiency of energy transfer depends heavily on the magnetic flux linkage,
which in turn depends on the geometry and placement of the coils.

- Core Material and Shape: To maximize flux linkage, transformer cores are made of ferromagnetic
materials that concentrate magnetic flux.

- Number of Turns: Increasing the number of turns in the coil enhances the induced emf proportional
to the turns ratio.

- Loop Area and Orientation: Larger loops and optimal orientation improve flux linkage, increasing the
efficiency of power transfer.

Wireless Power Transfer and Inductive Charging

Wireless charging devices utilize coils with changing magnetic fields to transfer energy without
physical contacts. The principles discussed—variation of magnetic flux, orientation, and coil
geometry—are central to optimizing power transfer efficiency.

- Alignment: Proper alignment of coils ensures maximum flux coupling.

- Loop Area: Larger loops can capture more magnetic flux, but practical constraints limit size.

- Frequency: Higher frequencies produce more rapid flux changes, increasing emf but also introducing
challenges like electromagnetic interference.

Electromagnetic Induction in Scientific Instruments

In scientific research, understanding how changing magnetic fields induce emf in loops is crucial for
designing sensitive detectors and measurement devices, such as:

- Fluxmeters: To measure magnetic flux directly.

- Induction Accelerators: Where rapidly changing magnetic fields accelerate charged particles.

- Magnetic Resonance Imaging (MRI): Utilizes time-varying magnetic fields to excite hydrogen nuclei
in tissues.



Broader Theoretical and Practical Considerations

Role of Loop Geometry Beyond Area

While area is a significant factor, the loop’s shape and orientation critically influence flux linkage and
emf induction:

- Shape: Circular loops tend to produce more uniform flux linkage compared to elongated or irregular
shapes.

- Number of Turns: Multi-turn coils amplify the induced emf, proportional to the number of turns.

- Orientation: The angle between the magnetic field and the plane of the loop determines the cosine
factor in flux calculation.

Limitations and Real-World Factors

In real-world scenarios, several factors complicate the idealized physics:

- Magnetic field non-uniformity: Fields are often non-uniform, especially at larger distances.

- Resistive losses: Conductive loops have resistance, which affects current flow and the emf observed.
- Mutual inductance: Nearby loops influence each other’s magnetic flux, leading to complex
interactions.

- Frequency-dependent effects: At high frequencies, parasitic capacit
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