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Abstract

The motion of electrons in a vacuum under the influence of electric and magnetic
fields is a fundamental topic in electromagnetism and particle physics. This study
investigated the trajectory and dynamics of electrons subjected to combined electric
and magnetic fields, with a focus on the Lorentz force governing their motion. A
theoretical framework was developed using classical electrodynamics, and numerical
simulations were performed to analyze electron paths under varying field
configurations. The results demonstrated that electric fields cause linear acceleration,
while magnetic fields induce curved trajectories due to the perpendicular force
component.
Introduction

The study of electron motion in vacuum under electric and magnetic fields has
been a cornerstone of classical and modern physics. Understanding the behavior of
electrons in such fields is crucial for numerous technological applications, including
cathode ray tubes, mass spectrometers, and particle accelerators. The theoretical
foundation of this phenomenon is based on the Lorentz force law, which describes the
force acting on a charged particle moving through electromagnetic fields.

Previous research has extensively analyzed electron trajectories in uniform
fields, but fewer studies have examined non-uniform or time-varying field
configurations. This paper aimed to bridge this gap by systematically investigating

electron motion under different electromagnetic conditions. The study combined
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analytical derivations with numerical simulations to provide a comprehensive
understanding of electron dynamics.
Theoretical Background

The motion of an electron in electromagnetic fields is governed by the Lorentz
force equation:

In a purely magnetic field, the force is always perpendicular to the velocity,
resulting in circular motion.

When both electric and magnetic fields are present, the electron follows more
complex trajectories, such as helical or cycloidal paths, depending on the relative
orientations and strengths of the fields.

Methods and Methodology
Analytical Approach

The study began with a derivation of the equations of motion for an electron in
uniform electric and magnetic fields. The Lorentz force equation was solved
analytically for simple field configurations, including parallel and crossed fields. The
solutions provided theoretical predictions for electron trajectories, which were later
compared with numerical simulations.

Numerical Simulations

To explore more complex field geometries, numerical methods were employed.
The Runge-Kutta method was used to solve the differential equations of motion for
non-uniform and time-varying fields. The simulations were implemented in Python,
with field parameters adjusted to study different scenarios.

Experimental Validation (Theoretical Comparison)

Although this study primarily focused on theoretical and computational analysis,
the results were compared with established experimental observations from prior
literature to ensure consistency. Data from electron beam experiments and cathode ray

tube studies were referenced to validate the findings.
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Results and Discussion
Electron Motion in a Uniform Electric Field

When an electron was subjected to a constant electric field, it exhibited uniform
acceleration along the field direction. If the electron had an initial velocity
perpendicular to the field, the trajectory became parabolic, consistent with classical
kinematics.

Electron Motion in a Uniform Magnetic Field

In a purely magnetic field, the electron followed a circular path with a constant
gyroradius.

This result confirmed that the electron’s motion was independent of its speed,
depending only on the magnetic field strength.

Combined Electric and Magnetic Fields

When both fields were present, the electron’s trajectory depended on their
relative orientations. In crossed fields (electric field perpendicular to the magnetic
field), the electron exhibited a drift motion perpendicular to both fields, known as the
E x B drift.

This drift motion was superimposed on the cyclotron motion, resulting in a
cycloidal trajectory.

For non-perpendicular fields, the electron followed a helical path with a drifting
axis, demonstrating the interplay between electric acceleration and magnetic curvature.
Conclusion

This study systematically analyzed the motion of electrons in vacuum under
electric and magnetic fields, confirming the predictions of the Lorentz force law. The
analytical solutions and numerical simulations demonstrated that electric fields induce
linear acceleration, while magnetic fields cause circular or helical motion. Crossed
fields led to drift phenomena, illustrating the complex dynamics of charged particles
in electromagnetic environments.

The findings have significant implications for applications in particle beam

control, plasma confinement, and electron optics. Future research could extend this
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work to relativistic electron motion and quantum mechanical effects, further enriching

the understanding of electron behavior in electromagnetic fields.
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