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Introduction to the Scenario

When analyzing the motion of a charged particle such as a proton within a
magnetic field, it’s essential to understand the fundamental principles
governing the interaction. In this scenario, a proton is moving horizontally
to the right, and a magnetic field is applied perpendicular to its initial
direction, specifically pointing into the page. This configuration sets the
stage for examining the resulting trajectory of the proton due to the Lorentz
force, which acts perpendicular to both the particle’s velocity and the
magnetic field.

Fundamental Concepts Involved

Before delving into the specifics of the proton’s path, it’s important to
review key concepts:

e Lorentz Force: The force exerted on a charged particle moving in a
magnetic field, given by F = q(v x B), where q is the charge, v is the
velocity vector, and B is the magnetic field vector.

e Direction of Force: Determined by the right-hand rule for the cross
product.

e Motion of Charged Particles: In uniform magnetic fields, charged

particles tend to undergo circular or helical motion depending on the
initial velocity's components.

Applying the Right-Hand Rule to Determine Force



Direction

Understanding the direction of the magnetic force requires applying the
right-hand rule:

1. Point the fingers of your right hand in the direction of the particle’s
velocity (to the right).

2. Orient your palm so that when you curl your fingers, they point toward
the magnetic field (into the page).

3. Your thumb then points in the direction of the force exerted on a
positive charge, which in this case is the proton.

Since the proton is positively charged, the force direction is determined
directly by this rule.

Determining the Direction of the Magnetic Force
Applying the right-hand rule:

- Velocity vector, v: pointing to the right (positive x-direction).
- Magnetic field, B: pointing into the page (negative z-direction).

Fingers point to the right (v), then curl into the page (B). The thumb points
upward (positive y-direction).

Result:

- The magnetic force acts upward on the proton.

Implications of the Force on the Proton’s Path

Since the magnetic force is always perpendicular to the velocity, it does not
do work on the proton; it only changes its direction of motion, not its speed
(assuming a uniform magnetic field and neglecting other forces).

Key points:

e The proton will experience a centripetal force causing circular motion.

e The radius of this circular path depends on the proton’s speed, charge,
mass, and magnetic field strength.

e The direction of the circular motion can be determined by the right-hand
rule, which indicates the proton will curve in a particular direction



relative to its initial motion and the magnetic field orientation.

Direction of the Proton’s Curved Path

Given the force acts upward when the proton moves to the right:

- The proton will be deflected perpendicular to its initial direction,
curving upward relative to its original path.

Using the right-hand rule:

- The proton’s initial velocity is to the right.

- The magnetic force acts upward.

- The proton will begin to move in a counterclockwise circle when viewed from
above, with its center located to the left or right depending on the initial
conditions.

In this case:

- The proton will follow a circular arc curving upward and around in a
counterclockwise direction, as seen from above.

Mathematical Description of the Path

The radius of the circular trajectory can be calculated using the formula:

r=1(m v) / (q B)

Where:

- m = mass of the proton (~1.67 x 10-27 kg),
- v = initial velocity magnitude,

- g = charge of the proton (~1.60 x 10-19 (),
- B = magnetic field strength.

This radius determines how tightly the proton curves.

Summary of the Proton’s Path
Putting it all together:

1. The proton begins moving to the right.

2. As it enters the magnetic field pointing into the page, the magnetic force
acts upward.

3. The force causes the proton to undergo uniform circular motion with a



radius determined by its initial speed, charge, mass, and magnetic field
strength.

4. The path is a segment of a circle, curving upward in a counterclockwise
direction when viewed from above.

5. The proton continues this circular motion as long as it remains within the
magnetic field region, unless other forces act upon it.

Additional Considerations

- Velocity Components: If the proton had a component of velocity
perpendicular to the initial direction, the resulting path would be helical
rather than purely circular.

- Field Uniformity: Our analysis assumes a uniform magnetic field; non-
uniform fields would produce more complex trajectories.

- Boundary Effects: When the proton exits the magnetic field region, it will
continue in a straight line tangent to its last circular path unless other
forces intervene.

Visualizing the Path

Imagine looking down from above:

- The proton starts moving to the right.

- The magnetic field points into the page.

- The proton curves upward in a circular arc, moving counterclockwise.

- Its path appears as a segment of a circle bending upward, with the center
of the circle located to the left side of the initial path.

Conclusion

In conclusion, a proton traveling to the right through a magnetic field
pointing into the page will follow a circular path in the plane of motion.
The force exerted by the magnetic field causes it to curve upward (or
downward, depending on the charge sign), resulting in a counterclockwise
circular trajectory viewed from above. The precise radius of this curve
depends on the proton’s initial velocity, the magnetic field's strength, and
fundamental constants. This phenomenon exemplifies the fundamental
interaction between charged particles and magnetic fields, forming the basis
for many devices such as cyclotrons and mass spectrometers.

Frequently Asked Questions

What is the initial direction of the proton's



velocity as it enters the magnetic field?

The proton is traveling to the right, which means its velocity vector is
directed horizontally to the right.

In which direction will the magnetic force act on
the proton when it enters the field pointing into
the page?

The magnetic force will act perpendicular to both the proton's velocity and

the magnetic field, which, using the right-hand rule, points upward from the
plane of motion.

What is the resulting path of the proton within the
magnetic field?

The proton will follow a curved, circular or spiral path, moving in a
direction perpendicular to the magnetic force, typically resulting in a
circular trajectory within the field.

Will the proton's speed change as it moves through
the magnetic field?

No, the magnetic force does no work on the proton, so its speed remains
constant, but its direction changes, resulting in a curved path.

If the magnetic field points into the page and the
proton moves to the right, which way will the proton
curve?

Using the right-hand rule, the proton will curve upward (perpendicular to its
initial direction), forming part of a circular path within the magnetic
field.

Additional Resources

Magnetic Force on a Proton Entering a Magnetic Field: An In-Depth Analysis

When exploring the fascinating interactions between charged particles and
magnetic fields, understanding the fundamental principles of electromagnetism
becomes essential. In this article, we delve into a classic physics scenario:
A proton traveling to the right enters a magnetic field pointing into the
page. By examining this case thoroughly, we aim to clarify the behavior of
charged particles under magnetic influence, the resulting motion, and the
underlying physics principles at play.



Understanding the Basic Principles

Before analyzing the specific scenario, it is crucial to establish a
foundational understanding of how magnetic fields influence moving charges.

The Nature of Magnetic Fields

A magnetic field is a vector field that exerts a force on moving electric
charges. Its properties include:

- Direction: The magnetic field points from the north to the south pole of a
magnet or, in a more general sense, can be described as pointing into or out
of a surface.

- Magnitude: The strength of the magnetic field, often measured in teslas
(T), influences the magnitude of the force exerted on charges.

- Representation: Magnetic fields are typically depicted using field lines,
which are continuous curves indicating the direction and relative strength of
the field.

In our case, the magnetic field points into the page, which is a common
notation in physics diagrams, represented by a series of crosses (x).

The Lorentz Force Law

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

\ [
\vec{F} = q \, \vec{v} \times \vec{B}
\1]

where:

\vec{F} \) is the magnetic force,

g \) is the charge of the particle,

\vec{v} \) is the particle's velocity vector,
\vec{B} \) is the magnetic field vector,
\times \) denotes the vector cross product.
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Key points:

- The force is always perpendicular to both the velocity of the particle and
the magnetic field.



- The magnitude of the force is given by:

\ [
F =g v B \sin \theta
\1]

where \( \theta \) is the angle between \( \vec{v} \) and \( \vec{B} \).

The Specific Scenario: Proton Traveling to the
Right into a Magnetic Field Pointing Into the
Page

Let's now examine the detailed physics of the scenario:

- Initial Conditions:

- A proton (positive charge, \( g = +1.6 \times 10"{-19} \, C \))

- Traveling to the right, which we define as the positive x-direction

- Enters a magnetic field pointing into the page, which we define as the
negative z-direction

- Coordinate System:

- X-axis: to the right

- y-axis: upward

- z-axis: into the page (negative z-direction)

Visual Representation:

+----- > X (initial velocity direction)

1 z (field into the page)

Applying the Right-Hand Rule

The right-hand rule is a key tool to determine the direction of the magnetic
force:



1. Point your fingers in the direction of the particle's velocity (\( \vec{v}
\)), which is to the right (positive x-direction).

2. Orient your palm so that when you curl your fingers, they point toward the
magnetic field direction (into the page, negative z-direction).

3. Your thumb, extended perpendicular to your fingers, indicates the
direction of the force on a positive charge.

Step-by-step:

- Fingers: point to the right (positive x)
- Curl: into the page (negative z)

- Thumb: points upward (positive y)

Conclusion:

- The magnetic force on the proton points upward (positive y-direction).

Path of the Proton: Analyzing the Motion

Having established the force's direction, we can analyze how the proton's
trajectory evolves.

Nature of the Magnetic Force

- The force is perpendicular to the velocity at all times.
- Because the force is always perpendicular, the proton undergoes uniform
circular motion around an axis perpendicular to the force.

Implication:

- The proton's speed remains constant (no work is done by magnetic forces, as
they are always perpendicular to velocity).

- The trajectory is a circle or helix if an initial component of velocity
exists.

Calculating the Radius of Curvature

The radius \( r \) of the circular path is derived from the balance of
magnetic force and centripetal force:

\ [
g v B = \frac{m v"2}{r}
\1]



which simplifies to:

\ [

r = \frac{m v}{q B}
\1

where:

- \( m\) is the mass of the proton (\( \approx 1.67 \times 107{-27} \, kg
\))

- \( v \) is the initial velocity magnitude

- \( g \) is the charge

- \( B \) is the magnetic field strength

Key Insights:

- The radius is directly proportional to the particle's velocity.
- The radius is inversely proportional to the magnetic field strength.

Practical Example:

Suppose the proton's initial velocity is \( v = 1 \times 1076 \, m/s \), and
\(B=0.1\,T\):

\ [

r = \frac{(1.67 \times 10°{-27} \, kg) (1l \times 1076 \, m/s)}{(1.6 \times
107{-19} C)(0.1 \, T)} \approx 0.104 \, m

\1]

This indicates that the proton will trace a circle with approximately 10.4 cm
radius.

Direction of the Proton's Path: The Complete
Trajectory

Based on the right-hand rule and the force's direction, the proton's path can
be summarized as follows:

- Initial Motion: To the right along the x-axis.

- Force Direction: Upward in the y-direction.

- Resulting Path: A circular trajectory in the plane perpendicular to the
magnetic field, which is the x-y plane.

Visualizing the Path:

- The proton begins at some initial position.



- It experiences a force upward.

- The combination of its initial velocity and the upward force causes it to
follow a circular arc.

- Since the force is always perpendicular to velocity, the particle continues
along this circular path indefinitely (assuming no other forces).

Special Cases:
- If the proton had a velocity component parallel to the magnetic field
(along the z-axis), the path would be a helix.

- In this scenario, with initial velocity purely perpendicular to the
magnetic field, the path remains circular.

Implications and Applications

Understanding the behavior of protons in magnetic fields isn't just an
academic exercise; it has profound practical applications across various
fields.

Particle Accelerators and Cyclotrons

- Cyclotrons use magnetic fields to bend proton beams into circular paths.
- The radius of the path determines the size of the accelerator.

- By controlling magnetic field strength and particle velocity, scientists
manipulate particle trajectories precisely.

Magnetic Confinement in Fusion Reactors

- Magnetic fields confine hot plasma in devices like tokamaks.
- Charged particles spiral along magnetic field lines, maintaining high
temperatures necessary for fusion.

Medical Imaging and Treatment

- Proton therapy uses magnetic fields to direct proton beams at tumors.
- Accurate path prediction ensures precise delivery of radiation doses.

Space Physics and Cosmic Rays



- Cosmic rays, consisting largely of protons, interact with planetary
magnetic fields, influencing space weather and radiation exposure for
spacecraft.

Summary and Key Takeaways

To encapsulate the core insights:

- When a positive charge like a proton enters a magnetic field pointing into
the page, the Lorentz force acts perpendicular to both its velocity and the
magnetic field.

- Using the right-hand rule, the force on a proton traveling to the right
into a field pointing into the page is directed upward.

- The proton undergoes uniform circular motion in a plane perpendicular to
the magnetic field, with the radius determined by its velocity, charge, mass,
and magnetic field strength.

- The motion remains constant in speed but constantly changing in direction,
resulting in a circular path in the x-y plane.

This detailed understanding of charged particle dynamics under magnetic
influence forms the backbone of many technological and scientific
advancements, from particle accelerators to space exploration. Mastery of
these principles allows physicists and engineers to manipulate and utilize
charged particles with remarkable precision.

In conclusion, the path of a proton entering a magnetic field pointing into
the page, when traveling to the right, is a counterclockwise circle in the x-
y plane, with the magnetic force continuously redirecting it upward,
exemplifying the elegant interplay between electric charges and magnetic
fields.
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