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Understanding the motion of charged particles, such as protons, within
magnetic fields is fundamental in physics, especially in areas like particle
physics, electromagnetism, and accelerator physics. When a proton moves
through a magnetic field, its trajectory and the point at which it emerges
depend on multiple factors, including its initial velocity, the magnetic
field strength, and the orientation of that field relative to its initial
direction. This article provides a comprehensive guide to determining the
exact position (x, y) and the angle relative to the +axis at which a proton,
moving at a speed of 6.0 × 10^7 m/s, emerges from a magnetic environment.

---

Understanding the Basic Principles of Proton
Motion in Magnetic Fields

Before diving into calculations, it's essential to grasp the fundamental
physics principles governing the motion of protons in magnetic fields.

The Lorentz Force
The motion of a charged particle in a magnetic field is dictated by the
Lorentz force:

\[ \mathbf{F} = q\mathbf{v} \times \mathbf{B} \]

where:
- \( q \) is the charge of the particle (for a proton, \( q = 1.6 \times
10^{-19} \) C),
- \( \mathbf{v} \) is the velocity vector of the particle,
- \( \mathbf{B} \) is the magnetic field vector.

This force is always perpendicular to both the velocity and the magnetic
field, resulting in a curved trajectory rather than a straight line.



Uniform Magnetic Field and Circular Motion
If the magnetic field is uniform and perpendicular to the initial velocity,
the proton undergoes uniform circular motion with radius:

\[ r = \frac{mv}{qB} \]

where:
- \( m \) is the mass of the proton (\( \approx 1.67 \times 10^{-27} \) kg),
- \( v \) is the initial velocity,
- \( B \) is the magnetic flux density.

The angular frequency (cyclotron frequency) is:

\[ \omega = \frac{v}{r} = \frac{qB}{m} \]

---

Scenario Description and Assumptions

To accurately determine the position and angle, specific details about the
magnetic field configuration are necessary. Commonly, such problems assume:

- The proton enters a region with a uniform magnetic field.
- The magnetic field is oriented perpendicular to the initial velocity
(either into or out of the plane).
- The proton's initial position is at the origin (\( x=0, y=0 \)).
- The magnetic field region has a finite length \( L \) along the initial
direction of motion.
- The particle exits the magnetic field after traveling through this region,
emerging at a certain point with a specific angle relative to the initial +x
axis.

Note: If the magnetic field is not perpendicular, or the problem specifies
different orientations, the calculations need to be modified accordingly.

---

Step-by-Step Method to Find the Exit Position
(x, y) and Angle

To determine the final position and angle, follow these steps:



1. Establish Initial Conditions
- Initial velocity: \( v = 6.0 \times 10^7 \) m/s
- Initial position: \( (x_0, y_0) = (0, 0) \)
- Initial velocity components: assuming initial motion along the x-axis:

\[ v_x = v \]
\[ v_y = 0 \]

2. Determine Magnetic Field Parameters
- Magnetic field magnitude: \( B \) (given or assumed)
- Orientation: perpendicular to the velocity (e.g., along the z-axis if
motion is in the xy-plane)

Example Assumption: \( B = 0.1 \) T (Tesla)

3. Calculate the Radius of the Proton’s Circular
Path
Using the formula:

\[ r = \frac{mv}{qB} \]

Substituting known values:

\[ r = \frac{(1.67 \times 10^{-27} \text{ kg})(6.0 \times 10^7 \text{
m/s})}{(1.6 \times 10^{-19} \text{ C})(0.1 \text{ T})} \]

\[ r \approx \frac{1.002 \times 10^{-19}}{1.6 \times 10^{-20}} \]

\[ r \approx 6.26 \text{ meters} \]

This radius indicates the curvature of the proton's path within the magnetic
field.

4. Determine the Time Spent in the Magnetic Field
Region
Suppose the magnetic field region has a length \( L \) along the initial
direction (x-axis):

\[ t = \frac{L}{v_x} \]

If \( L \) is known, this allows calculation of how long the proton spends in
the magnetic field.

Example: \( L = 2 \) meters



\[ t = \frac{2}{6.0 \times 10^7} \approx 3.33 \times 10^{-8} \text{ s} \]

5. Find the Angular Displacement During Transit
The particle undergoes circular motion with angular velocity:

\[ \omega = \frac{v}{r} = \frac{qB}{m} \]

Calculating:

\[ \omega = \frac{(1.6 \times 10^{-19} \text{ C})(0.1 \text{ T})}{1.67 \times
10^{-27} \text{ kg}} \]

\[ \omega \approx 9.58 \times 10^6 \text{ rad/s} \]

The total angle rotated during time \( t \):

\[ \theta = \omega t \]

\[ \theta \approx 9.58 \times 10^6 \times 3.33 \times 10^{-8} \approx 0.319
\text{ radians} \]

which is approximately 18.3 degrees.

---

Calculating Final Position (x, y)

The proton's trajectory inside the magnetic field can be modeled as an arc of
a circle.

1. Parametric Equations of Circular Motion
Assuming the initial velocity is along the x-axis, and the magnetic field
causes a curvature in the xy-plane, the position at time \( t \) can be
expressed as:

\[ x(t) = r \sin(\omega t) \]
\[ y(t) = r (1 - \cos(\omega t)) \]

However, these equations depend on the initial conditions and the direction
of the magnetic field.

Note: When the initial velocity is along the x-axis and the magnetic field is
along the z-axis, the motion is in the xy-plane.



2. Final Coordinates After Exiting the Magnetic
Field
Using the calculated \( \theta \):

\[ x_{final} = r \sin(\theta) \]
\[ y_{final} = r (1 - \cos(\theta)) \]

Substituting values:

\[ x_{final} = 6.26 \times \sin(0.319) \approx 6.26 \times 0.314 \approx 1.97
\text{ m} \]
\[ y_{final} = 6.26 \times (1 - \cos(0.319)) \approx 6.26 \times (1 - 0.95)
\approx 6.26 \times 0.05 \approx 0.31 \text{ m} \]

Thus, the proton exits the magnetic field approximately at:

\[ (x, y) \approx (1.97\, \text{m}, 0.31\, \text{m}) \]

relative to the initial entry point.

---

Determining the Exit Angle Relative To +x Axis

The angle at which the proton emerges is the tangent of the angle between its
velocity vector and the +x axis.

\[ \phi = \arctan\left(\frac{v_y}{v_x}\right) \]

In circular motion, the velocity components at the exit are:

\[ v_x = v \cos(\theta) \]
\[ v_y = v \sin(\theta) \]

Given the initial velocity and the rotation angle:

\[ v_x = v \cos(\theta) \]
\[ v_y = v \sin(\theta) \]

Using the earlier \( \theta \):

\[ v_x = 6.0 \times 10^7 \times \cos(0.319) \approx 6.0 \times 10^7 \times
0.95 \approx 5.7 \times 10^7 \, \text{m/s} \]

\[ v_y = 6.0 \times 10^7 \times 0.314 \approx 1.88 \times 10^7 \, \text{m/s}
\]



Hence, the emergent angle:

\[ \phi = \arctan\left(\frac{1.88 \times 10^7}{5.7 \times 10^7}\right

Frequently Asked Questions

What is the primary goal when analyzing a proton's
position and angle as it emerges from a magnetic
field?
The primary goal is to determine the proton's final position (x, y) and the
angle relative to the initial direction of motion, which helps understand its
trajectory under the influence of magnetic forces.

How do you calculate the radius of the proton's
circular path in a magnetic field?
The radius is calculated using the formula r = (mv) / (qB), where m is the
proton's mass, v is its velocity, q is its charge, and B is the magnetic
field strength.

What role does the magnetic field play in altering
the proton's trajectory?
The magnetic field exerts a Lorentz force perpendicular to the proton's
velocity, causing it to follow a curved, typically circular or helical path
depending on the initial velocity components.

How can the initial velocity of 6.0 x 10^6 m/s
influence the proton's exit position and angle?
The initial velocity determines the initial kinetic energy and the radius of
curvature in the magnetic field, affecting where and at what angle the proton
emerges from the field region.

What is the significance of the proton's charge-to-
mass ratio in this analysis?
The charge-to-mass ratio (q/m) influences the radius of curvature and the
acceleration experienced by the proton in the magnetic field, impacting its
final position and exit angle.



How do you determine the angle at which the proton
emerges from the magnetic field?
The emergence angle can be found by analyzing the components of the proton's
velocity perpendicular and parallel to the magnetic field and calculating the
tangent of the angle using these components.

What assumptions are typically made in calculating
the proton's trajectory in a magnetic field?
Assumptions often include a uniform magnetic field, negligible electric
fields, no initial vertical velocity component if the motion is in a plane,
and neglecting energy losses or interactions with other particles.

Can the initial conditions be adjusted to control
the exit position and angle of the proton?
Yes, by changing the initial velocity direction or magnetic field strength,
the trajectory can be manipulated to achieve desired exit positions and
angles.

What experimental setups are used to measure the
position and angle of a proton after emerging from a
magnetic field?
Detectors such as scintillation counters, position-sensitive detectors, or
photographic plates are used to track the proton's trajectory and measure its
exit position and angle accurately.

Additional Resources
Proton Trajectory Analysis: Determining Position and Angle of Emergence

In the realm of particle physics, understanding the motion of charged
particles such as protons in magnetic and electric fields is fundamental.
Whether it's for designing advanced accelerators, exploring fundamental
interactions, or developing new experimental techniques, accurately
predicting a proton's final position and angle after passing through a field
is crucial. In this detailed exploration, we analyze the problem of a proton
moving at a given speed and determine its emergent position (x, y) and angle
relative to a reference axis.

---



Understanding the Problem: Context and
Significance

Imagine a proton traveling with a specified initial velocity, say \( v = 6.0
\times 10^7\, \text{m/s} \), which is approximately 20% of the speed of
light, indicative of high-energy physics situations. The key question posed
is: Where does the proton emerge from a particular field configuration and at
what angle relative to its initial path? This scenario could model a proton
passing through a magnetic deflection region, an electric field, or a
combination of both.

Understanding the proton's trajectory involves dissecting the forces acting
upon it, the nature of the fields involved, and the boundary conditions. The
goal is to compute:

- The final position coordinates \((x, y)\),
- The emergent angle \(\theta\) relative to the initial direction.

This analysis is essential not only for experimental setup calibration but
also for interpreting detector data and optimizing particle beam control.

---

Fundamental Principles and Assumptions

Before delving into calculations, it’s necessary to establish the assumptions
and physical principles:

- Initial Conditions: The proton starts at a known point, often taken as the
origin \((0,0)\), moving initially along a defined axis, typically the x-
axis.
- Velocity Magnitude: \( v = 6.0 \times 10^7\, \text{m/s} \). The velocity
vector initially points along the x-axis.
- Fields Involved:
- Magnetic field \(\mathbf{B}\): may be uniform or non-uniform.
- Electric field \(\mathbf{E}\): can also influence motion.
- Forces: The Lorentz force governs the motion:
\[
\mathbf{F} = q(\mathbf{E} + \mathbf{v} \times \mathbf{B}),
\]
where \(q\) is the proton charge (\(1.6 \times 10^{-19}\, \text{C}\)).

- Neglecting Relativistic Effects? Since the velocity is about 20% of \(c\),
relativistic effects are not negligible but can often be approximated with
relativistic momentum calculations. For high precision, relativistic formulas
should be used.



- Idealized Conditions: To simplify, assume:
- Uniform magnetic and electric fields,
- No other forces or perturbations,
- The particle's mass \(m = 1.67 \times 10^{-27}\, \text{kg}\).

---

Step-by-Step Approach to Find the Final
Position and Angle

The process involves solving the equations of motion for the proton under
specified fields. Here’s an outline:

1. Establish the Initial Conditions

- Position: \((x_0, y_0) = (0,0)\),
- Velocity: \(\mathbf{v}_0 = v \hat{\mathbf{x}}\),
- Time: \(t=0\).

2. Determine the Nature of the Fields

- Scenario A: Magnetic field only (e.g., uniform magnetic field
\(\mathbf{B}\) perpendicular to the initial velocity),
- Scenario B: Electric field only,
- Scenario C: Both electric and magnetic fields.

This analysis assumes a typical scenario—say, a uniform magnetic field
\(\mathbf{B}\) along the z-axis, which is common in particle deflection
experiments.

3. Write the Equations of Motion

The relativistic momentum:
\[
\mathbf{p} = \gamma m \mathbf{v},
\]
where
\[
\gamma = \frac{1}{\sqrt{1 - v^2/c^2}}.
\]

The relativistic equation of motion:
\[
\frac{d\mathbf{p}}{dt} = q (\mathbf{E} + \mathbf{v} \times \mathbf{B}).
\]

Assuming no electric field for simplicity:
\[



\frac{d\mathbf{p}}{dt} = q \mathbf{v} \times \mathbf{B}.
\]

4. Solve for Trajectory: The Helical Path

In a uniform magnetic field perpendicular to initial velocity (\(\mathbf{B}
\perp \mathbf{v}_0\)), the proton moves in a helical path:

- Radius of Curvature (Larmor radius):
\[
r_L = \frac{\gamma m v}{q B}.
\]
- Angular frequency (cyclotron frequency):
\[
\omega_c = \frac{q B}{\gamma m}.
\]

- Position as functions of time:
\[
x(t) = r_L \sin(\omega_c t) + x_0,
\]
\[
y(t) = r_L [1 - \cos(\omega_c t)] + y_0,
\]
assuming initial motion along x-axis and magnetic field along z-axis.

- Emergence point:
After traversing a certain length or time \(t_f\), the particle emerges at
\((x(t_f), y(t_f))\).

5. Calculate the Final Position

- Determine \(t_f\): based on the interaction length \(L\), or the field
region's size.
- Evaluate \(x(t_f)\) and \(y(t_f)\): using the above parametric equations.

6. Find the Emergent Angle \(\theta\)

The angle relative to the initial direction (x-axis) is:

\[
\theta = \arctan \left( \frac{v_y}{v_x} \right).
\]

The velocities at \(t_f\):
\[
v_x(t_f) = v \cos(\omega_c t_f),
\]
\[
v_y(t_f) = v \sin(\omega_c t_f),
\]



which directly relate to the phase of the particle in its helical motion.

---

Relativistic Corrections and Practical
Considerations

Since the proton’s speed is significant, relativistic effects are non-
negligible:

- Relativistic Momentum:
\[
p = \gamma m v,
\]
with
\[
\gamma = \frac{1}{\sqrt{1 - v^2/c^2}}.
\]

- Adjusted Larmor radius:
\[
r_L = \frac{\gamma m v}{q B}.
\]

- Adjusted Cyclotron Frequency:
\[
\omega_c = \frac{q B}{\gamma m}.
\]

Calculations should incorporate these factors for accuracy, especially at
higher velocities.

---

Sample Numerical Calculation

Suppose:

- Magnetic field \( B = 1\, \text{T} \),
- Interaction length \( L = 0.5\, \text{m} \),
- Initial velocity \( v = 6.0 \times 10^7\, \text{m/s} \).

Calculate:

Step 1: Lorentz factor:



\[
\beta = \frac{v}{c} \approx \frac{6.0 \times 10^7}{3.0 \times 10^8} = 0.2,
\]
\[
\gamma = \frac{1}{\sqrt{1 - 0.2^2}} = \frac{1}{\sqrt{0.96}} \approx 1.0206.
\]

Step 2: Larmor radius:

\[
r_L = \frac{\gamma m v}{q B} = \frac{1.0206 \times 1.67 \times 10^{-27}
\times 6.0 \times 10^7}{1.6 \times 10^{-19} \times 1} \approx 0.637\,
\text{m}.
\]

Step 3: Cyclotron period:

\[
T = \frac{2\pi}{\omega_c} = \frac{2 \pi \gamma m}{q B} \approx 2 \pi \times
\frac{1.0206 \times 1.67 \times 10^{-27}}{1.6 \times 10^{-19}} \approx 6.7
\times 10^{-7}\, \text{s}.
\]

Step 4: Time to traverse length \(L\):

\[
t_f = \frac{L}{v} \approx \frac{0.5}{6.0 \times 10^7} \approx 8.33 \times
10^{-9}\, \text{s}.
\]

Step 5: Determine the phase:

\[
\phi = \omega_c t_f = \frac{q B}{\gamma m} t_f \approx \frac{1.6 \times 10

4 Find The Position X Y And Angle Relative To At Which A
Proton Moving At 6 0 X 10m S Emerges From

4 Find The Position X Y And Angle Relative To At Which A Proton Moving At 6 0 X 10m S Emerges
From

Related Articles
When Using The Current Rate Method, The Translation Adjustment From Translating A
Foreign Subsidiary's
1. When Prices Are (p1, P2) = (1, 2) A Consumer Demands (x1, X2) = (1, 2), And When Prices
Are (q1, Q2)

https://sip.evo9x.com/ma28/4-find-the-position-x-y-and-angle-relative-to-at-which-a-proton-moving-at-6-0-x-10m-s-emerges-from.pdf
https://sip.evo9x.com/ma28/4-find-the-position-x-y-and-angle-relative-to-at-which-a-proton-moving-at-6-0-x-10m-s-emerges-from.pdf
https://sip.evo9x.com/ma28/when-using-the-current-rate-method-the-translation-adjustment-from-translating-a-foreign-subsidiary-s.pdf
https://sip.evo9x.com/ma28/when-using-the-current-rate-method-the-translation-adjustment-from-translating-a-foreign-subsidiary-s.pdf
https://sip.evo9x.com/ma28/1-when-prices-are-p1-p2-1-2-a-consumer-demands-x1-x2-1-2-and-when-prices-are-q1-q2.pdf
https://sip.evo9x.com/ma28/1-when-prices-are-p1-p2-1-2-a-consumer-demands-x1-x2-1-2-and-when-prices-are-q1-q2.pdf


When Asked To Deliver A Speech At The Very Last Moment, The Type Of Delivery Style You
Will Likely Use

Back to Home

https://sip.evo9x.com/ma28/when-asked-to-deliver-a-speech-at-the-very-last-moment-the-type-of-delivery-style-you-will-likely-use.pdf
https://sip.evo9x.com/ma28/when-asked-to-deliver-a-speech-at-the-very-last-moment-the-type-of-delivery-style-you-will-likely-use.pdf
https://sip.evo9x.com

