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Understanding how charged particles behave in magnetic fields is fundamental
in physics, with applications ranging from electromagnetism to particle
accelerators and cosmic phenomena. When a particle with a charge of 0.6 C
moves at right angles to a uniform magnetic field, it experiences a force
that influences its motion in a distinctive way. This article explores the
principles governing such motion, the mathematical relationships involved,
and the real-world applications of these phenomena.

Fundamentals of Magnetic Force on Moving
Charges

The Lorentz Force Equation

The force exerted on a charged particle moving in a magnetic field is
described by the Lorentz force law:

e F = quB sin®

Where:
- F is the magnetic force,
g is the charge of the particle,
v is the velocity of the particle,
- B is the magnetic flux density (magnetic field strength),
0 is the angle between the velocity vector and the magnetic field.

When the particle moves at right angles to the magnetic field, 6 = 90°, and
sin® = 1, simplifying the force to:

*F = quB



Direction of the Magnetic Force

The magnetic force is always perpendicular to both the velocity of the
particle and the magnetic field, as dictated by the right-hand rule:
1. Point the fingers in the direction of the particle's velocity.
2. Curl them toward the magnetic field direction.

3. The thumb then points in the direction of the force for a positive
charge.

For a negative charge, the force direction is opposite.

Motion of a Charged Particle in a Magnetic
Field

Uniform Circular Motion

When a charged particle with a charge g moves perpendicular to a uniform
magnetic field, it experiences a centripetal force that causes it to follow a
circular path:

e F =mv?/r

Where:

- m is the mass of the particle,

- v is its velocity,

- r is the radius of the circular path.

Equating the magnetic force to the centripetal force:

e qQVB = mv2/r

Rearranging to find the radius:

er=mv / ¢gB



This relationship indicates that the radius depends on the particle’s mass,
velocity, the magnetic field strength, and the charge.

Period and Frequency of Revolution

The period (T) of the particle's circular motion is the time taken for one
complete revolution:

eT=2nr / v =2mm / qB

The frequency (f), the number of revolutions per second, is:

ef=1/T=0qB / 2mm

Notably, the frequency is independent of the particle’s velocity and depends
solely on the charge, magnetic field strength, and mass.

Calculating the Motion Parameters for a
Particle with a 0.6 C Charge

Suppose we have a particle with:

- Charge, q = 0.6 C,

- Mass, m (which needs to be specified for precise calculations),
- Moving with initial velocity, v,

- In a magnetic field, B.

Let's explore how to determine key parameters like the radius of the circular
path and the period of revolution.

Determining the Radius of the Particle's Path

Given:

-q=20.6C,

- v = specified initial velocity,

- B = specified magnetic field strength,
- m = specified or known mass.

The radius:

er =mv / (qB)



This indicates that increasing the velocity or mass increases the radius,
while increasing the magnetic field strength or charge decreases it.

Calculating the Period of Revolution

Using:

T =2mm / (gB)

This shows that the period is independent of the particle’s velocity but
depends on its mass, charge, and magnetic field strength.

Real-World Applications and Examples

Particle Accelerators

In accelerators like cyclotrons, charged particles are accelerated in
circular paths within magnetic fields. The relationship between charge, mass,
and magnetic field strength allows precise control over particle
trajectories. A particle with a charge of 0.6 C moving in a magnetic field
can be directed along specific paths, enabling high-energy collisions and
research into fundamental particles.

Magnetic Confinement in Fusion Reactors

Magnetic confinement devices use magnetic fields to contain plasma—highly
energized particles. Understanding the motion of particles with known charges
and velocities helps optimize magnetic field strengths to maintain stable
plasma conditions.

Cosmic Phenomena

Charged particles in space, such as cosmic rays, are deflected by planetary
magnetic fields. The principles governing a 0.6 C charge moving through such
fields help scientists understand particle trajectories and magnetic field
structures in space.

Practical Considerations and Limitations



Relativistic Effects

At very high velocities, approaching the speed of light, relativistic effects
become significant, affecting mass and force calculations. The simple
classical formulas need adjustments, especially in high-energy physics
applications.

Magnetic Field Uniformity

The above analysis assumes a uniform magnetic field. Variations in magnetic
field strength or direction can lead to complex particle trajectories,
requiring advanced modeling.

Particle Mass and Material Constraints

The mass of a particle influences its motion directly. In experimental
setups, the particle's mass and the ability to generate and sustain strong
magnetic fields are critical factors.

Summary

A particle with a charge of 0.6 C moving perpendicular to a uniform magnetic
field experiences a force that causes it to move in a circular path. The key
relationships—such as the radius of the trajectory and the period of
revolution—are derived from fundamental physics principles, notably the
Lorentz force law and centripetal force considerations. Understanding these
concepts is essential across various scientific and engineering disciplines,
including particle physics, astrophysics, and magnetic confinement fusion.

By analyzing the interplay of charge, velocity, magnetic field strength, and
mass, scientists can manipulate and predict the behavior of charged
particles, enabling technological advances and deeper insights into the
universe’s fundamental workings.

Frequently Asked Questions

What is the force experienced by a particle with a
charge of 0.6 C moving perpendicular to a uniform
magnetic field?

The force is given by F = qvB, where q is the charge, v is the velocity of
the particle, and B is the magnetic field strength. Since the particle moves
at right angles to the field, the force is maximized and perpendicular to the
particle's velocity.



How does the magnetic field strength affect the
motion of a charged particle moving at right angles
to it?

The magnetic field strength directly influences the magnitude of the force on
the particle. A stronger magnetic field results in a larger magnetic force,

causing the particle to undergo a tighter circular or helical trajectory
depending on its initial velocity.

What is the direction of the magnetic force on a
positively charged particle moving perpendicular to
a magnetic field?

The direction of the magnetic force is given by the right-hand rule: point
your fingers in the direction of the velocity, curl them toward the magnetic
field, and your thumb points in the direction of the force for a positive
charge.

How do you calculate the radius of the circular path
of a charged particle moving perpendicular to a
magnetic field?

The radius r can be calculated using r = (mv)/(gB), where m is the mass of
the particle, v is its velocity, q is its charge, and B is the magnetic field
strength.

If a particle with charge 0.6 C moves at right
angles to a magnetic field, what factors determine
its acceleration?

Since magnetic forces do no work, they do not cause acceleration in the
magnitude of velocity but change its direction. The acceleration 1is
centripetal, determined by the magnetic force divided by the particle's mass:
a=F/m= qvB/m.

What is the significance of the particle’s charge
being 0.6 C in magnetic field interactions?

A charge of 0.6 C is relatively large, meaning the magnetic force acting on
it can be substantial if the velocity and magnetic field are also
significant, leading to pronounced curvature in its trajectory.

How does the velocity of the particle affect its



trajectory in a magnetic field when moving at right
angles?

The velocity affects the radius of the circular path; higher velocities
result in larger radii, meaning the particle follows a wider circle, while
lower velocities produce tighter curves.

What happens to a charged particle's motion if it is
moving at an angle other than 90 degrees to the
magnetic field?

The particle undergoes a helical motion, combining circular motion
perpendicular to the magnetic field and linear motion along the field
direction, resulting in a spiral trajectory.

Additional Resources

A Particle With A Charge Of 0.6 C Is Moving At Right Angles To A Uniform
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In the realm of electromagnetism, understanding how charged particles behave
in magnetic fields is fundamental to numerous technological applications,
from particle accelerators to medical imaging devices. One particularly
intriguing scenario involves a particle carrying a specific electric charge,
moving perpendicular to a uniform magnetic field. This configuration reveals
essential principles governing magnetic forces, particle trajectories, and
energy transfer mechanisms. In this article, we explore the physics behind
such a situation, focusing on a particle with a charge of 0.6 Coulombs moving
at right angles to a uniform magnetic field of known strength. We will
dissect the underlying concepts, mathematical formulations, and practical
implications to provide a comprehensive understanding of this phenomenon.

Understanding the Basic Principles of Charged Particles in Magnetic Fields

Before delving into the specifics, it is essential to grasp the fundamental
forces at play. When a charged particle enters a magnetic field, it
experiences a force described by the Lorentz force law:

F =q(v x B)

where:

- F is the magnetic force,

is the electric charge of the particle,
is the velocity vector of the particle,
is the magnetic field vector.

o< Q

The cross product indicates that the force is always perpendicular to both
the velocity and the magnetic field vectors. This perpendicular nature leads



to distinctive particle trajectories, often resulting in circular or helical
motion, depending on the initial conditions.

Scenario Setup: Particle Moving at Right Angles to a Magnetic Field

In our specific case:

- The charge, q, is 0.6 C.

- The magnetic field, B, is uniform with a known strength.

- The particle's velocity, v, is perpendicular to the magnetic field, i.e.,

at right angles.

This perpendicular arrangement simplifies the analysis since the angle ©
between v and B is 90°, and the magnitude of the Lorentz force simplifies to:

F = qvB

This force acts as a centripetal force, continuously pulling the particle
into a circular path. As a result, the particle undergoes uniform circular
motion with a constant speed, and the magnetic force provides the necessary
centripetal acceleration.

Calculating the Particle’s Motion: Key Parameters

Given the setup, several key parameters can be derived:

1. Magnetic Force (F):

Since the particle moves perpendicular to B, the force magnitude is:

F = qvB

2. Centripetal Force and Radius of Motion (r):

The magnetic force acts as the centripetal force:

F=mv?/r

Equating both expressions:

gqvB = mv2/r

Solving for the radius:

r=mv / (gB)

3. Velocity of the Particle (v):

If the particle is given an initial velocity, then its circular motion

parameters are directly determined by the above relation. If not, the initial
velocity must be specified to proceed.



4. Period of Revolution (T):

The period, representing the time for one complete circle:
T=2nr /v

Substituting r:

T=2n (mv / (gB)) / v =2mm / (qgB)

5. Kinetic Energy (KE):

The kinetic energy remains constant in uniform magnetic fields (assuming no
other forces). It is:

KE = (1/2) mv?
Implications of Particle Charge and Magnetic Field Strength

The magnitude of the magnetic force and the resulting trajectory depend
critically on both the charge and the magnetic field strength. Here are some
key insights:

- Higher Charge (q): Increases the magnetic force for a given velocity and
magnetic field, resulting in a smaller radius of curvature and tighter
circular motion.

- Stronger Magnetic Field (B): Also enhances the magnetic force, leading to a
more pronounced curvature and smaller orbit radius.

- Velocity (v): Faster particles experience a larger magnetic force, but
their radius of curvature depends linearly on velocity.

Real-World Applications and Practical Considerations

Understanding the behavior of charged particles in magnetic fields underpins
several vital technologies:

- Particle Accelerators: Devices like cyclotrons use magnetic fields to steer
and accelerate particles along circular paths. Knowing the radius and period
of motion helps in designing these accelerators.

- Mass Spectrometry: Charged particles are separated based on their mass-to-
charge ratio by analyzing their curved trajectories in magnetic fields.

- Magnetic Confinement in Fusion Reactors: Plasma particles are confined
using magnetic fields, relying on principles similar to those discussed.

In practical applications, additional factors such as relativistic effects at
high velocities, particle mass, and environmental conditions influence the
behavior and require more advanced models.



Numerical Example: Calculating the Radius of Circular Motion

Suppose the particle has an initial velocity of v = 3 x 1076 m/s (a typical
speed for electrons in accelerators, though here the charge is quite large),
and the magnetic field strength is B = 0.2 T.

Given:

-gqg=0.6C

- v=3x 1076 m/s
-B=0.2T

Assume the mass of the particle (m) is similar to that of a proton, m =
1.67 x 10™-27 kg, for illustration purposes.

Calculate the radius:

ﬂ
1l

mv / (gB)

r=(1.67 x 10™-27 kg) x (3 x 1076 m/s) / (0.6 C x 0.2 T)

1
0

(5.01 x 167-21 kg-m/s) / (0.12 C-T)

4.175 x 107-20 m

1
0

This extremely small radius indicates that, for such high charge and typical
particle masses, the particle would spiral in very tightly. In real
applications, such a large charge is uncommon for fundamental particles, but
this calculation illustrates the principles.

Energy Considerations and Limitations

Since magnetic fields do no work on charged particles, the kinetic energy
remains constant during their circular motion unless external forces or
fields act upon them. This invariance is crucial for applications that rely
on predictable particle trajectories.

However, in real systems, particles may experience energy losses due to
radiation (like synchrotron radiation in high-energy accelerators) or
collisions with other particles, which can alter their motion over time.

Advanced Topics and Further Exploration

While the above discussion covers the core principles, several advanced
topics extend this understanding:

- Relativistic Effects: At velocities approaching the speed of light,
relativistic mass increases, affecting the radius and period calculations.

- Helical Motion: If the particle’s velocity has components parallel to the
magnetic field, its path becomes a helix, combining circular and linear
motion.



- Electric Fields and Combined Fields: Real-world scenarios often involve
both electric and magnetic fields, leading to more complex particle
trajectories.

Conclusion

The dynamics of a charged particle moving perpendicular to a uniform magnetic
field encapsulate fundamental physics principles with wide-ranging
applications. For a particle with a charge of 0.6 C, the magnetic force
governs its circular motion, with parameters like radius and period directly
linked to its velocity, mass, and the magnetic field strength. Understanding
these relationships not only illuminates the behavior of particles in
laboratory settings but also underpins technologies that probe the universe’s
fundamental properties. As scientists continue to explore high-energy
phenomena and develop advanced devices, the principles discussed here remain
central to the ongoing evolution of electromagnetic physics.
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