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When studying electromagnetism, one common problem involves calculating the
magnetic force exerted on current-carrying loops in various configurations
and orientations. Specifically, understanding how a square current loop
interacts with magnetic fields is essential for applications ranging from
electric motors to inductors and magnetic sensors. In this article, we delve
into the detailed process of finding the magnetic force on a square loop of
side length A, lying in the Yz plane and centered at the origin, if it
carries a steady current. We will explore the fundamental principles,
mathematical formulations, and step-by-step procedures to accurately
determine the force acting on the loop.

---

Understanding the Configuration and Basic
Principles

Before diving into calculations, it’s crucial to understand the physical
setup and the underlying physics principles involved.

Physical Setup
- The loop is a perfect square with side length A.
- It lies in the Yz plane, meaning its plane is perpendicular to the x-axis.
- The center of the loop is located at the origin (0, 0, 0).
- The current flowing through the loop is steady and uniform, denoted by I.
- The current direction can be assumed, for example, clockwise or
counterclockwise when viewed from a specific vantage point.

Magnetic Field and Force Fundamentals
- The magnetic field B may be external or generated by the current in the
loop itself.
- The force on a current-carrying element in a magnetic field is given by the
differential form of the Lorentz force law:

\[



d\mathbf{F} = I\, d\mathbf{l} \times \mathbf{B}
\]

where:
- \(d\mathbf{l}\) is an infinitesimal element of the current-carrying wire.
- \(\mathbf{B}\) is the magnetic flux density at the location of
\(d\mathbf{l}\).

- To find the total force on the loop, integrate the differential forces over
all segments of the loop.

---

Mathematical Approach to Calculating the Force

The calculation involves several steps, which include defining the geometry,
expressing the current elements, evaluating the magnetic field, and
integrating to find the net force.

Step 1: Define Coordinates and Loop Geometry

Since the loop lies in the Yz plane and is centered at the origin:

- The vertices of the square are located at:
- \( (0, \pm \frac{A}{2}, \pm \frac{A}{2}) \)

- The sides are aligned along the y and z axes, with each side length A.

The four sides are:

1. Side 1: from \((0, -A/2, -A/2)\) to \((0, A/2, -A/2)\)
2. Side 2: from \((0, A/2, -A/2)\) to \((0, A/2, A/2)\)
3. Side 3: from \((0, A/2, A/2)\) to \((0, -A/2, A/2)\)
4. Side 4: from \((0, -A/2, A/2)\) to \((0, -A/2, -A/2)\)

Each side can be parameterized for integration.

Step 2: Parameterize Each Segment

For each side, define a parameter \(t\) that runs from 0 to 1:

- Side 1 (bottom side): y from \(-A/2\) to \(A/2\), z constant at \(-A/2\)

\[
\mathbf{r}_1(t) = (0, -A/2 + tA, -A/2), \quad t \in [0,1]



\]

Differential element:

\[
d\mathbf{l}_1 = (0, A\, dt, 0)
\]

- Side 2 (right side): z from \(-A/2\) to \(A/2\), y constant at \(A/2\)

\[
\mathbf{r}_2(t) = (0, A/2, -A/2 + tA)
\]

Differential element:

\[
d\mathbf{l}_2 = (0, 0, A\, dt)
\]

- Side 3 (top side): y from \(A/2\) to \(-A/2\), z constant at \(A/2\)

\[
\mathbf{r}_3(t) = (0, A/2 - tA, A/2)
\]

Differential element:

\[
d\mathbf{l}_3 = (0, -A\, dt, 0)
\]

- Side 4 (left side): z from \(A/2\) to \(-A/2\), y at \(-A/2\)

\[
\mathbf{r}_4(t) = (0, -A/2, A/2 - tA)
\]

Differential element:

\[
d\mathbf{l}_4 = (0, 0, -A\, dt)
\]

---

Calculating the Magnetic Field \(\mathbf{B}\)

The total magnetic field at a point in space results from the contributions



of all current elements or external sources.

Magnetic Field Due to the Loop Itself

Calculating the magnetic field at a point due to the current in the loop
involves the Biot–Savart law:

\[
\mathbf{B}(\mathbf{r}) = \frac{\mu_0}{4\pi} \int \frac{I\, d\mathbf{l} \times
\mathbf{R}}{R^3}
\]

where:
- \(\mathbf{R} = \mathbf{r} - \mathbf{r'}\) is the vector from the source
point \(\mathbf{r'}\) on the wire to the point \(\mathbf{r}\) where the field
is evaluated.
- \(R = |\mathbf{R}|\).

In many practical problems, the magnetic field is either known or assumed
uniform, especially when considering the force on the loop due to an external
magnetic field.

---

Calculating the Force on the Loop

Once the magnetic field \(\mathbf{B}\) at each differential element is known,
the differential force is:

\[
d\mathbf{F} = I\, d\mathbf{l} \times \mathbf{B}
\]

The total force on the loop:

\[
\mathbf{F} = \sum_{i=1}^{4} \int_{i} I\, d\mathbf{l}_i \times
\mathbf{B}(\mathbf{r}_i)
\]

Depending on the nature of \(\mathbf{B}\), the calculation simplifies or
becomes complex. For example:

- If \(\mathbf{B}\) is uniform, the integral reduces significantly.
- If \(\mathbf{B}\) varies with position, the integral must be evaluated
carefully for each segment.



---

Special Cases and Simplifications

To make the problem more approachable, consider some special cases:

Case 1: Uniform External Magnetic Field

Suppose the loop is placed in a uniform magnetic field \(\mathbf{B} = B_0
\hat{\mathbf{x}}\). Since the loop lies in the Yz plane, the force on the
loop can be found by integrating the Lorentz force over each segment:

\[
\mathbf{F} = I \oint d\mathbf{l} \times \mathbf{B}
\]

Because \(d\mathbf{l}\) varies along each side, and \(\mathbf{B}\) is
uniform, the net force can be computed by summing the contributions from all
sides.

- The force on opposite sides may cancel or reinforce depending on their
orientation relative to \(\mathbf{B}\).

Case 2: Magnetic Field from the Loop Itself

Analyzing the force of the loop on itself leads to the concept of magnetic
self-force, which is generally complex and involves calculating magnetic
pressures and stresses. Typically, this is avoided in basic problems,
focusing instead on external magnetic fields.

---

Step-by-Step Summary for Calculating the Force

1. Define the geometry of the square loop and parameterize each side.
2. Determine the magnetic field \(\mathbf{B}\) at the location of each
differential element, either from external sources or the Biot–Savart law.
3. Express the differential current element \(d\mathbf{l}\) for each side.
4. Compute the differential force \(d\mathbf{F} = I\, d\mathbf{l} \times
\mathbf{B}\).
5. Integrate over each side from \(t=0\) to \(t=1\).
6. Sum contributions from all sides to find the total force.



---

Frequently Asked Questions

What is the expression for the magnetic force on
side A of a square loop lying in the yz-plane at the
origin?

The magnetic force on side A can be calculated
using the Lorentz force law, considering the
magnetic field at each point along side A and
integrating over its length. For a uniform
magnetic field, the differential force is dF =
I (dL × B), with dL directed along the side and
B evaluated at that position.

How does the orientation of the square loop in the
yz-plane affect the magnetic force experienced by
side A?

Since side A lies in the yz-plane, the magnetic
force depends on the magnetic field components
perpendicular to side A. If the magnetic field
has components along the x-axis, it will exert
a force on side A; otherwise, the force may be
zero if the field is aligned parallel to the
side.



What role does the current in the square loop play
in determining the force on side A?

The current determines the magnitude and
direction of the magnetic force, as the force
is proportional to the current I. Reversing the
current's direction reverses the force's
direction on side A, according to the right-
hand rule.

If the magnetic field varies with position, how does
that influence the calculation of the force on side
A?

A position-dependent magnetic field requires
integrating the differential force dF along
side A, taking into account the local magnetic
field B(y,z) at each point. This makes the
calculation more complex, often needing
specific field expressions and integration.

What assumptions are typically made when calculating
the force on side A of the square loop?

Common assumptions include a uniform magnetic
field over the length of side A, steady current
in the loop, negligible effects of induced
currents, and the loop being thin with
negligible thickness, allowing the use of



simplified force equations.

How does the symmetry of the square loop simplify
the calculation of the net force on the entire loop?

Symmetry allows the forces on opposite sides to
be paired and analyzed together, often
canceling components or simplifying the vector
sum. For example, forces on sides B and D may
cancel in certain directions, reducing the
problem to calculating forces on just sides A
and C.

What is the effect of changing the direction of
current in the square loop on the force experienced
by side A?

Reversing the current direction reverses the
direction of the magnetic force on side A, as
dictated by the right-hand rule. This can
change the force from attractive to repulsive
or vice versa, depending on the magnetic field
orientation.

How can the force on side A be experimentally
verified in a laboratory setup?

The force can be measured using a sensitive



force sensor or balance while passing a known
current through the loop in a known magnetic
field. Comparing the measured force with
theoretical predictions validates the
calculations and assumptions.

Additional Resources

Find The Force On A Square Loop (side A), Lying
In The Yz Plane And Centered At The Origin, If
It Carries A Current

Understanding the magnetic forces exerted on
current-carrying conductors is fundamental in
electromagnetism, especially when dealing with
complex geometries such as a square loop. The
problem of finding the force on a square loop
lying in the y-z plane, centered at the origin,
and carrying a current involves multiple
considerations—from magnetic field calculations
to the application of the Lorentz force law.
This article provides a comprehensive
exploration of this topic, breaking down the
concepts, calculations, and implications
involved.

---



Introduction to Magnetic Forces on Current-
Carrying Loops

The interaction between magnetic fields and
currents results in forces that can influence
the motion and stability of conductors. When a
current-carrying loop is placed in a magnetic
field, the forces acting on its segments are
determined by the Lorentz force law:

\[
\mathbf{F} = I \mathbf{L} \times \mathbf{B}
\]

where:
- \( I \) is the current,
- \( \mathbf{L} \) is the length vector in the
direction of current,
- \( \mathbf{B} \) is the magnetic flux
density.

In the case of a square loop lying in the y-z
plane, the geometry simplifies certain
calculations but introduces unique challenges
because the magnetic field may vary depending
on the source and position.

---



Defining the Geometry and Coordinate System

Positioning the Loop

The square loop has side length \( A \) and is
centered at the origin in the y-z plane. Its
vertices are at:

- \( (0, \pm \frac{A}{2}, \pm \frac{A}{2}) \)

The sides are aligned along the y and z axes:

- Side 1: from \( (0, -A/2, -A/2) \) to \( (0,
A/2, -A/2) \) (along y)
- Side 2: from \( (0, A/2, -A/2) \) to \( (0,
A/2, A/2) \) (along z)
- Side 3: from \( (0, A/2, A/2) \) to \( (0, -
A/2, A/2) \) (along y)
- Side 4: from \( (0, -A/2, A/2) \) to \( (0, -
A/2, -A/2) \) (along z)

Coordinate System and Orientation

The loop lies in the y-z plane at \( x=0 \),
with the magnetic field source typically



located somewhere in space. For the analysis,
we consider the magnetic field \( \mathbf{B} \)
at various points, which could be uniform or
non-uniform depending on the scenario.

---

Magnetic Field Calculation

The magnetic field \( \mathbf{B} \) experienced
by the loop depends heavily on the source.
Common scenarios include:

- External uniform magnetic fields
- Magnetic fields due to other currents (e.g.,
a long wire)
- Fields from magnetic dipoles or coils

For simplicity, let's consider the case where
the magnetic field is uniform and oriented
along a specific axis, for example, along the
x-axis:

\[
\mathbf{B} = B_0 \hat{\mathbf{x}}
\]

This assumption simplifies the force



calculations and helps illustrate the
fundamental principles.

---

Calculating the Force on Each Segment

The total force on the loop is the vector sum
of the forces on each segment:

\[
\mathbf{F}_{\text{total}} = \sum_{i=1}^4
\mathbf{F}_i
\]

Each segment's force is determined by the
Lorentz force law, considering the current
direction and the magnetic field.

Segment 1 and 3 (Along y-axis)

- Current direction: For side 1, from \( (0, -
A/2, -A/2) \) to \( (0, A/2, -A/2) \), the
current flows along +y.
- \( \mathbf{L}_1 = A \hat{\mathbf{y}} \)
- Force:



\[
\mathbf{F}_1 = I \mathbf{L}_1 \times \mathbf{B}
= I A \hat{\mathbf{y}} \times B_0
\hat{\mathbf{x}} = I A B_0 (\hat{\mathbf{y}}
\times \hat{\mathbf{x}}) = I A B_0 (-
\hat{\mathbf{z}})
\]

Similarly, for side 3:

- Current flows along -y.
- \( \mathbf{L}_3 = -A \hat{\mathbf{y}} \)
- Force:

\[
\mathbf{F}_3 = I (-A \hat{\mathbf{y}}) \times
B_0 \hat{\mathbf{x}} = -I A B_0
(\hat{\mathbf{y}} \times \hat{\mathbf{x}}) = -I
A B_0 (-\hat{\mathbf{z}}) = I A B_0
\hat{\mathbf{z}}
\]

Adding these two:

\[
\mathbf{F}_1 + \mathbf{F}_3 = (-I A B_0
\hat{\mathbf{z}}) + (I A B_0 \hat{\mathbf{z}})
= 0
\]



This indicates that the forces on opposite
sides along y cancel out in the z-direction.

Segment 2 and 4 (Along z-axis)

- For side 2:

- Current flows along +z.
- \( \mathbf{L}_2 = A \hat{\mathbf{z}} \)

- Force:

\[
\mathbf{F}_2 = I A \hat{\mathbf{z}} \times B_0
\hat{\mathbf{x}} = I A B_0 (\hat{\mathbf{z}}
\times \hat{\mathbf{x}}) = I A B_0
\hat{\mathbf{y}}
\]

- For side 4:

- Current flows along -z.
- \( \mathbf{L}_4 = -A \hat{\mathbf{z}} \)

- Force:

\[
\mathbf{F}_4 = I (-A \hat{\mathbf{z}}) \times



B_0 \hat{\mathbf{x}} = -I A B_0
(\hat{\mathbf{z}} \times \hat{\mathbf{x}}) = -I
A B_0 \hat{\mathbf{y}}
\]

Adding:

\[
\mathbf{F}_2 + \mathbf{F}_4 = I A B_0
\hat{\mathbf{y}} - I A B_0 \hat{\mathbf{y}} = 0
\]

Summary: Under a uniform magnetic field along
the x-axis, the forces on opposite sides cancel
out, resulting in no net force on the loop.
However, this is a special case; in non-uniform
fields, net forces can arise.

---

Considering Non-Uniform Magnetic Fields

In real-world applications, magnetic fields are
rarely perfectly uniform. For example, the loop
near a magnetic dipole or a solenoid produces a
field that varies with position. Calculating
the force in such cases involves integrating
the magnetic field over the length of each



segment:

\[
\mathbf{F}_i = I \int_{L_i} d\mathbf{l} \times
\mathbf{B}(\mathbf{r})
\]

This integral requires knowledge of \(
\mathbf{B}(\mathbf{r}) \), which could be
obtained from Biot–Savart law or other methods.

---

Force on the Entire Loop: Superposition and
Symmetry

When the magnetic field varies spatially, the
net force on the loop depends on the
distribution of \( \mathbf{B} \). Symmetry
considerations help:

- Symmetrical fields: Forces on opposite sides
may cancel, leading to zero net force but
possibly a net torque.
- Non-symmetrical fields: Can produce net
forces that tend to move or rotate the loop.

In the case where the magnetic field is



directed along the x-axis and varies along the
y or z directions, the force components along
these axes can be summed to find the total
force.

---

Calculating the Torque

While force calculations are crucial, the
torque on the loop often plays a more
significant role in practical applications such
as electric motors and magnetic sensors.

The torque \( \boldsymbol{\tau} \) is given by:

\[
\boldsymbol{\tau} = \mathbf{m} \times
\mathbf{B}
\]

where \( \mathbf{m} \) is the magnetic dipole
moment:

\[
\mathbf{m} = I \mathbf{A}
\]



For a square loop of side \( A \):

\[
\mathbf{A} = A^2 \hat{\mathbf{x}}
\]

assuming the normal vector points along the x-
axis.

The torque magnitude:

\[
|\boldsymbol{\tau}| = |\mathbf{m}| |\mathbf{B}|
\sin \theta
\]

where \( \theta \) is the angle between \(
\mathbf{m} \) and \( \mathbf
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