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UNDERST ANDING HOW CHARGED PARTICLES BEHAVE IN MAGNETIC FIELDS IS FUNDAMENTAL IN PHYSICS, ESPECIALLY IN AREAS LIKE
ELECTROMAGNETISM, PARTICLE PHYSICS, AND ENGINEERING APPLICATIONS SUCH AS CYCLOTRONS AND MASS SPECTROMETERS. IN
PARTICULAR, THE MOTION OF AN ELECTRON—A NEGATIVELY CHARGED SUBATOMIC PARTICLE—IN A UNIFORM MAGNETIC FIELD
WHEN IT MOVES PERPENDICULAR TO THE FIELD IS A CLASSIC PROBLEM THAT ILLUSTRATES KEY PRINCIPLES OF MAGNETIC FORCES
AND CIRCULAR MOTION. THIS ARTICLE PROVIDES A COMPREHENSIVE OVERVIEW OF THIS TOPIC, COVERING THE FUNDAMENTAL
CONCEPTS, MATHEMATICAL DERIVATIONS, AND PRACTICAL IMPLICATIONS.

INTRODUCTION TO MAGNETIC FORCE ON CHARGED PARTICLES

BEFORE DELVING INTO THE SPECIFICS OF AN ELECTRON’S MOTION, IT IS ESSENTIAL TO UNDERSTAND THE NATURE OF MAGNETIC
FORCES ACTING ON MOVING CHARGES.

THE LORENTZ FORCE EQUATION

THE FORCE ACTING ON A CHARGED PARTICLE IN A MAGNETIC FIELD IS DESCRIBED BY THE LORENTZ FORCE:

e F=q(vxB)

\WHERE:

- F I1s THE MAGNETIC FORCE,

-~ QIS THE ELECTRIC CHARGE OF THE PARTICLE,
-~V IS THE VELOCITY VECTOR OF THE PARTICLE,
- B IS THE MAGNETIC FIELD VECTOR,

- X DENOTES THE VECTOR CROSS PRODUCT.

THIS FORCE IS ALWAYS PERPENDICULAR BOTH TO THE VELOCITY OF THE PARTICLE AND THE MAGNETIC FIELD.

Key CHARACTERISTICS OF THE MAGNETIC FORCE

- THE MAGNITUDE OF THE FORCE:

F = |Q/vB SIN©, WHERE © IS THE ANGLE BETWEEN V AND B.

- DIRECTION: GIVEN BY THE RIGHT-HAND RULE FOR POSITIVE CHARGES; FOR ELECTRONS (NEGATIVE CHARGES), THE FORCE
DIRECTION IS OPPOSITE.

- EFFECT: THE MAGNETIC FORCE DOES NO WORK ON THE PARTICLE, HENCE THE PARTICLE’S KINETIC ENERGY REMAINS CONSTANT IN
A UNIFORM MAGNETIC FIELD.

ELECTRON MOVING PERPENDICULAR TO A UNIFORM MAGNETIC FIELD

THE SPECIFIC CASE WHERE AN ELECTRON MOVES PERPENDICULAR TO A UNIFORM MAGNETIC FIELD IS A CLASSICAL PROBLEM



ILLUSTRATING UNIFORM CIRCULAR MOTION DRIVEN SOLELY BY MAGNETIC FORCES.

INITIAL CONDITIONS AND SETUP

- THE MAGNETIC FIELD B IS UNIFORM AND DIRECTED ALONG A PARTICULAR AXIS, CONVENTIONALLY THE Z-AXIS.
- THE ELECTRON’S INITIAL VELOCITY V IS PERPENDICULAR TO B, SAY ALONG THE X-AXIS.
- THE ELECTRON STARTS AT A POINT IN SPACE AND MOVES IN A PLANE PERPENDICULAR TO THE MAGNETIC FIELD.

ReSULTANT MoOTION

- THE MAGNETIC FORCE ACTS AS A CENTRIPETAL FORCE, CONSTANTLY PULLING THE ELECTRON TOWARD THE CENTER OF ITS
CIRCULAR PATH.

- BECAUSE THE FORCE IS ALWAYS PERPENDICULAR TO THE VELOCITY, THE ELECTRON UNDERGOES UNIFORM CIRCULAR MOTION
WITHOUT CHANGING SPEED.

MATHEMATICAL DerIVATION oF CIRCULAR MOTION

UNDERSTANDING THE QUANTITATIVE ASPECTS REQUIRES DERIVING THE RADIUS OF THE CIRCULAR PATH AND THE PERIOD OF
REVOLUTION.

Force EQuiLiBriUM AND RADIUS OF THE CIRCULAR PATH

THE MAGNETIC FORCE PROVIDES THE NECESSARY CENTRIPETAL FORCE FOR CIRCULAR MOTION:

e QVB=Mv2 /R

\WHERE:
-~ M IS THE MASS OF THE ELECTRON,
- RIS THE RADIUS OF THE CIRCULAR PATH.

REARRANGING FOR R:

r = (mv) / (qgB)

SINCE THE ELECTRON’S CHARGE Q IS NEGATIVE, THE DIRECTION OF THE FORCE (AND THUS THE ELECTRON’S MOTION) IS OPPOSITE
TO THE RIGHT-HAND RULE, BUT THE MAGNITUDE OF R REMAINS POSITIVE.

EXPRESSION FOR THE RADIUS OF ELECTRON'S PATH

GIVEN:

- ELECTRON CHARGE: Q =-1.6 X 107 C

- ELecTRONMASS: M= 9.11 X 1073 kG

- VELocCITY: v (INITIAL VELOCITY PERPENDICULAR TO B)
- MAGNETIC FIELD: B

THE RADIUS BECOMES:



r=(mxv)/ (|q] x B)

THIS FORMULA INDICATES THAT:
- INCREASING THE ELECTRON’S VELOCITY INCREASES THE RADIUS.
- INCREASING THE MAGNETIC FIELD STRENGTH DECREASES THE RADIUS.

PerioD AND FREQUENCY OF REVOLUTION

THE PERIOD (T) OF THE ELECTRON’S CIRCULAR MOTION IS THE TIME TAKEN TO COMPLETE ONE FULL REVOLUTION:

T=(2nr) / v

SUBSTITUTING THE EXPRESSION FOR R:

T= (2t xm) / (|q| x B)

AND THE FREQUENCY (F), THE NUMBER OF REVOLUTIONS PER SECOND:

f=1/T={(|q] xB) / (2n x m)

KEY OBSERVATIONS:
- THE PERIOD T DOES NOT DEPEND ON THE VELOCITY OF THE ELECTRON.
- THE FREQUENCY F IS DIRECTLY PROPORTIONAL TO THE MAGNETIC FIELD STRENGTH.

VELOCITY OF THE ELECTRON IN THE CIRCULAR PATH

THE KINETIC ENERGY OF THE ELECTRON REMAINS CONSTANT IN THE MAGNETIC FIELD:

KE = (1/2) m v?

IF THE INITIAL VELOCITY IS KNOWN, THE ELECTRON MAINTAINS THIS SPEED THROUGHOUT ITS MOTION.

ALTERNATIVELY, IF THE KINETIC ENERGY OR THE INITIAL SPEED IS SPECIFIED, THE RADIUS AND PERIOD CAN BE COMPUTED DIRECTLY.

DIRecTION oF MOTION AND MAGNETIC FORCE

SINCE THE ELECTRON IS NEGATIVELY CHARGED, THE MAGNETIC FORCE ACTS IN THE DIRECTION OPPOSITE TO WHAT THE RIGHT -
HAND RULE SUGGESTS FOR POSITIVE CHARGES.

- FOR AN ELECTRON MOVING PERPENDICULAR TO B:

- THE FORCE POINTS TOWARDS THE CENTER OF THE CIRCULAR PATH.

- THE ELECTRON MOVES IN A CLOCKWISE OR COUNTERCLOCKW/ISE CIRCLE DEPENDING ON THE ORIENTATION OF B AND INITIAL
VELOCITY.



USING THE RIGHT-HAND RULE FOR POSITIVE CHARGES AND THEN REVERSING THE DIRECTION ACCOUNTS FOR THE NEGATIVE CHARGE
OF THE ELECTRON.

APPLICATIONS AND SIGNIFICANCE

UNDERSTANDING THE MOTION OF ELECTRONS IN MAGNETIC FIELDS IS CRUCIAL IN VARIOUS TECHNOLOGICAL AND SCIENTIFIC
DOMAINS.

MASS SPECTROMETRY

- ELECTRONS AND IONS ARE DEFLECTED IN MAGNETIC FIELDS.
- THE RADIUS OF THEIR PATH HELPS IDENTIFY THEIR MASS-TO-CHARGE RATIO.

CYCLOTRONS AND PARTICLE ACCELERATORS

- CIRCULAR MOTION PRINCIPLES ARE USED TO ACCELERATE PARTICLES TO HIGH ENERGIES.
- MAGNETIC FIELDS PROVIDE THE CENTRIPETAL FORCE NECESSARY FOR CIRCULAR TRAJECTORIES.

MAGNETIC CONFINEMENT IN FusioN DevICES

- MAGNETIC CONFINEMENT RELIES ON CONTROLLING CHARGED PARTICLE PATHS WITHIN MAGNETIC FIELDS.

ASTROPHYSICS AND SPACE SCIENCE

- COSMIC RAYS AND SOLAR WINDS INVOLVE ELECTRONS MOVING IN MAGNETIC FIELDS.

PracTICAL ExXAMPLES AND CALCULATIONS

ToO DEMONSTRATE THE CONCEPTS, CONSIDER A SPECIFIC EXAMPLE:

ExXAMPLE:

AN ELECTRON WITH AN INITIAL VELOCITY OF 2 X 10® M/s MOVES PERPENDICULAR TO A MAGNETIC FIELD oF 0.1 T.
CALCULATE:

1. THE RADIUS OF THE ELECTRON’S CIRCULAR PATH.

2. THE PERIOD OF THE MOTION.

SOLUTION:

1. RADIUS:

=

= (mxv) / (|]gq] x B)

(9.11 x 10-3* kg x 2 x 10® m/s) / (1.6 x 10-1° C x 0.1 T)
(1.822 x 10-24) / (1.6 x 10-2°9)

1.139 x 104 m

0.1139 mm

n

0



2. PerioD:

T=@2n xr) / v

= (2m x 1.139 x 104 m) / 2 x 10® m/s
(7.154 x 10-4) / 2 x 10°¢

3.577 x 10-1° seconds

0.358 nanoseconds

n

0

0

THIS ILLUSTRATES HOW RAPIDLY ELECTRONS MOVE IN MAGNETIC FIELDS AND THE SMALL SCALE OF THEIR CIRCULAR
TRAJECTORIES.

SUMMARY AND KEY T AKEAWAYS

- THE MOTION OF AN ELECTRON IN A UNIFORM MAGNETIC FIELD PERPENDICULAR TO ITS INITIAL VELOCITY IS A CLASSIC EXAMPLE
OF UNIFORM CIRCULAR MOTION.

- THE RADIUS OF THE CIRCULAR PATH DEPENDS ON THE ELECTRON’S VELOCITY, MASS, CHARGE, AND MAGNETIC FIELD STRENGTH.
- THE PERIOD OF THE MOTION IS INDEPENDENT OF THE ELECTRON'S VELOCITY AND DEPENDS SOLELY ON THE MAGNETIC FIELD AND
THE ELECTRON’S PROPERTIES.

- SINCE MAGNETIC FORCES DO NO WORK, THE ELECTRON’S KINETIC ENERGY REMAINS CONSTANT DURING CIRCULAR MOTION.

- PRACTICAL APPLICATIONS OF THESE PRINCIPLES INCLUDE MASS SPECTROMETRY, PARTICLE ACCELERATORS, AND PLASMA
CONFINEMENT.

CoNCLUSION

THE STUDY OF A CHARGED PARTICLE’S MOTION IN A UNIFORM MAGNETIC FIELD REVEALS FUNDAMENTAL ASPECTS OF
ELECTROMAGNETISM AND CLASSICAL MECHANICS. FOR AN ELECTRON MOVING PERPENDICULAR TO A MAGNETIC FIELD, THE
RESULTING CIRCULAR PATH EXEMPLIFIES HOW MAGNETIC FORCES INFLUENCE CHARGED PARTICLES WITHOUT CHANGING THEIR
ENERGY, LEADING TO PREDICTABLE AND CALCULABLE TRAJECTORIES. (UNDERSTANDING THESE PRINCIPLES IS ESSENTIAL IN BOTH
THEORETICAL PHYSICS AND NUMEROUS TECHNOLOGICAL APPLICATIONS, FROM DETECTING PARTICLE PROPERTIES TO
CONTROLLING PLASMA IN FUSION REACTORS.

BY MASTERING THE CONCEPTS OF RADIUS, PERIOD, AND FORCE DIRECTIONS, SCIENTISTS AND ENGINEERS CAN MANIPULATE AND
UTILIZE CHARGED PARTICLES EFFECTIVELY ACROSS VARIOUS FIELDS.

FREQUENTLY ASkeD QUESTIONS

WHAT IS THE NATURE OF THE MOTION OF AN ELECTRON MOVING PERPENDICULAR TO A
UNIFORM MAGNETIC FIELD?

THE ELECTRON UNDERGOES UNIFORM CIRCULAR MOTION PERPENDICULAR TO THE MAGNETIC FIELD DUE TO THE L ORENTZ FORCE
ACTING CENTRIPETALLY.

How IS THE RADIUS OF THE CIRCULAR PATH OF AN ELECTRON IN A MAGNETIC FIELD
DETERMINED?

THE RADIUS R IS GIVEN BY R = (MV)/(QB), WHERE M IS THE MASS OF THE ELECTRON, V IS ITS VELOCITY, Q IS ITS CHARGE, AND
B IS THE MAGNETIC FLUX DENSITY.



\WHAT IS THE EXPRESSION FOR THE PERIOD OF THE ELECTRON'S CIRCULAR MOTION IN A
UNIFORM MAGNETIC FIELD?

THe periob T = (2nM)/(QB), INDEPENDENT OF THE ELECTRON'S VELOCITY.

How DOES THE MAGNETIC FIELD STRENGTH AFFECT THE RADIUS OF THE ELECTRON'S
CIRCULAR PATH?

THE RADIUS IS DIRECTLY PROPORTIONAL TO THE MAGNETIC FIELD STRENGTH, INCREASING B DECREASES THE RADIUS, CAUSING THE
ELECTRON TO MOVE IN A TIGHTER CIRCLE.

\WHAT IS THE SIGNIFICANCE OF THE ELECTRON'S VELOCITY COMPONENT PERPENDICULAR
TO THE MAGNETIC FIELD?

THE PERPENDICULAR COMPONENT OF VELOCITY DETERMINES THE RADIUS AND NATURE OF THE CIRCULAR MOTION; IF THE
VELOCITY HAS A COMPONENT PARALLEL TO B, THE MOTION BECOMES HELICAL.

\WHAT FORCES ACT ON THE ELECTRON DURING ITS CIRCULAR MOTION IN A MAGNETIC
FIELD?

THE LORENTZ FORCE ACTS AS THE CENTRIPETAL FORCE, ALWAYS PERPENDICULAR TO THE VELOCITY, MAINTAINING CIRCULAR
MOTION.

How DOES THE CHARGE-TO-MASS RATIO (Q/M) INFLUENCE THE ELECTRON'S MOTION IN
A MAGNETIC FIELD?

A HIGHER Q/M RATIO RESULTS IN A SMALLER RADIUS AND SHORTER PERIOD, LEADING TO FASTER AND TIGHTER CIRCULAR MOTION.

CAN THE ELECTRON’S MOTION IN A MAGNETIC FIELD BE ELLIPTICAL OR LINEARP

IN A UNIFORM MAGNETIC FIELD WITH PERPENDICULAR VELOCITY, THE MOTION IS CIRCULAR; IF THE VELOCITY HAS COMPONENTS
PARALLEL AND PERPENDICULAR TO B, THE MOTION BECOMES HELICAL OR LINEAR IF THE PERPENDICULAR COMPONENT IS ZERO.

\W/HAT ARE PRACTICAL APPLICATIONS OF UNDERSTANDING ELECTRON MOTION IN
MAGNETIC FIELDS?

APPLICATIONS INCLUDE CYCLOTRONS, MASS SPECTROMETERS, MAGNETIC CONFINEMENT IN FUSION DEVICES, AND PARTICLE
ACCELERATORS.

How DOES ENERGY CONSERVATION RELATE TO THE ELECTRON'S MOTION IN A MAGNETIC
FIELD?

SINCE THE MAGNETIC FORCE DOES NO WORK, THE KINETIC ENERGY OF THE ELECTRON REMAINS CONSTANT DURING ITS CIRCULAR
MOTION.

ADDITIONAL RESOURCES

MoTioN OF A CHARGED PARTICLE IN A UNIForM MaGNETIC FIELD (13) AN ELEcTRON Moves IN A CIRCULAR PATH
PERPENDICULAR

UNDERSTANDING THE MOTION OF A CHARGED PARTICLE IN A MAGNETIC FIELD IS A FUNDAMENTAL ASPECT OF ELECTROMAGNETISM,



WITH APPLICATIONS SPANNING FROM PARTICLE ACCELERATORS TO ASTROPHYSICS. IN PARTICULAR, MOTION OF A CHARGED
PARTICLE IN A UNIFORM MAGNETIC FIELD IS A CLASSIC PROBLEM THAT REVEALS THE ELEGANCE OF CLASSICAL PHYSICS AND THE
INTERPLAY BETWEEN ELECTRIC AND MAGNETIC FORCES. W/HEN AN ELECTRON MOVES IN A CIRCULAR PATH PERPENDICULAR TO A
UNIFORM MAGNETIC FIELD, THE BEHAVIOR EXEMPLIFIES KEY PRINCIPLES SUCH AS LORENTZ FORCE, CENTRIPETAL ACCELERATION,
AND THE RESULTING CIRCULAR TRAJECTORY. THIS ARTICLE PROVIDES A COMPREHENSIVE, STEP-BY-STEP GUIDE TO
UNDERSTANDING THIS PHENOMENON, INCLUDING DETAILED DERIVATIONS, PHYSICAL INTERPRETATIONS, AND PRACTICAL
APPLICATIONS.

INTRODUCTION TO THE MoTION OF CHARGED PARTICLES IN MAGNETIC FIELDS

THE FUNDAMENTAL FORCE ACTING ON A MOVING CHARGED PARTICLE IN A MAGNETIC FIELD IS THE LORENTZ FORCE, GIVEN BY:
F=q(vxB)

\WHERE:

- QIS THE CHARGE OF THE PARTICLE,

-V IS ITS VELOCITY VECTOR,

- B IS THE MAGNETIC FIELD VECTOR.

THIS FORCE IS ALWAYS PERPENDICULAR TO BOTH THE VELOCITY OF THE PARTICLE AND THE MAGNETIC FIELD. W/HEN THE
PARTICLE'S INITIAL VELOCITY IS PERPENDICULAR TO THE MAGNETIC FIELD, THIS RESULTS IN A DISTINCTIVE CIRCULAR MOTION, A

PHENOMENON THAT UNDERPINS MANY DEVICES AND NATURAL PHENOMENA , INCLUDING CYCLOTRONS, MAGNETIC CONFINEMENT IN
FUSION REACTORS, AND COSMIC RAY TRAJECTORIES.

THE SETUP: ELECTRON IN A UNIFORM MAGNETIC FIELD

CONSIDER AN ELECTRON WITH CHARGE -E (WHERE E & 1.602 X 107" C) MOVING IN A UNIFORM MAGNETIC FIELD B DIRECTED
ALONG THE Z-AXIS. TO ANALYZE THE MOTION:

- ASSUME THE MAGNETIC FIELD B = Bk[}] (ALONG THE z-AXIS).
- THE ELECTRON’S INITIAL VELOCITY V IS PERPENDICULAR TO B: FOR SIMPLICITY, LET V BE ALONG THE X~-AXIS.

THIS CONFIGURATION SIMPLIFIES THE ANALYSIS, AS THE MAGNETIC FORCE WILL ACT AS A CENTRIPETAL FORCE, CAUSING THE
ELECTRON TO MOVE IN A CIRCLE IN THE XY~PLANE.

DerIVATION OF THE CIRCULAR MOTION

Step 1: WRITE DowN THE LORENTZ FORCE

SINCE V IS PERPENDICULAR TO B, THE MAGNITUDE OF THE LORENTZ FORCE IS:

F=lalvB

AND ITS DIRECTION IS GIVEN BY THE RIGHT-HAND RULE (OR LEFT-HAND RULE FOR NEGATIVE CHARGES LIKE ELECTRONS):

- For AN ELECTRON, THE FORCE POINTS TOWARDS THE CENTER OF THE CIRCULAR PATH, PROVIDING THE NECESSARY CENTRIPETAL
FORCE.

STeP 2: EQUATE MAGNETIC FORCE To CENTRIPETAL FORCE
THE CENTRIPETAL FORCE NEEDED FOR CIRCULAR MOTION IS:

Fc=MVv®)/r



WHERE:
- M IS THE MASS OF THE ELECTRON (= 9.109 x 1073 ka)
- R IS THE RADIUS OF THE CIRCULAR PATH.

1

SINCE THE MAGNETIC LORENTZ FORCE PROVIDES THIS CENTRIPETAL FORCE:
QvB=MVv?) /r

NOTE THAT Q IS NEGATIVE FOR AN ELECTRON, BUT THE FORCE MAGNITUDE REMAINS POSITIVE, THE DIRECTION IS HANDLED BY THE
CROSS PRODUCT.

STeP 3: SOLVE FOR THE RADIUS OF THE CIRCULAR PATH
REARRANGING:

rR=MVv)/ (lalB)

THIS FORMULA INDICATES THAT:

- THE RADIUS R IS DIRECTLY PROPORTIONAL TO THE ELECTRON'S VELOCITY V.
- THE RADIUS DECREASES WITH INCREASING MAGNETIC FIELD STRENGTH B.

STep 4: DETERMINE THE PERIOD OF MOTION

THe PERIOD T (TIME TO COMPLETE ONE CIRCLE) IS:
T=(2nR) /v

SUBSTITUTE R:
T=C2nMmv)/(alB)/v=02nm/(alB)

REMARKABLY/ THE PERIOD T IS INDEPENDENT OF THE ELECTRON'S VELOCITY AND DEPENDS ONLY ON FUNDAMENTAL CONSTANTS
AND MAGNETIC FIELD STRENGTH:

T=(2nm)/(EB)

THIS IS A KEY INSIGHT: IN UNIFORM MAGNETIC FIELDS, THE PERIOD OF CIRCULAR MOTION FOR A CHARGED PARTICLE IS CONSTANT
FOR A GIVEN FIELD AND PARTICLE MASS.

PHYsICAL INTERPRETATION AND KEY CONCEPTS

CIrcULAR MoTIoON DUE To MAGNETIC FORCE

SINCE THE MAGNETIC FORCE ALWAYS ACTS PERPENDICULAR TO THE VELOCITY, IT DOES NO WORK ON THE ELECTRON—ITS
KINETIC ENERGY REMAINS CONSTANT. THE ELECTRON'S MOTION IS PURELY CENTRIPETAL, RESULTING IN A UNIFORM CIRCULAR
PATH.

RADIUS AND VELOCITY RELATIONSHIP

THE RADIUS OF THE CIRCLE DEPENDS ON THE VELOCITY:

- FASTER ELECTRONS HAVE LARGER CIRCULAR PATHS.
- INCREASING THE MAGNETIC FIELD STRENGTH REDUCES THE RADIUS, CONFINING THE ELECTRON TO A TIGHTER CIRCLE.

CYCLOTRON FREQUENCY



THE ANGULAR FREQUENCY OF THE ELECTRON’S CIRCULAR MOTION IS:
n=2n/T=(alB)/m

THis FREQUENCY IS KNOWN AS THE CYCLOTRON FREQUENCY, FUNDAMENTAL IN THE OPERATION OF DEVICES LIKE CYCLOTRONS,
WHICH ACCELERATE CHARGED PARTICLES USING OSCILLATING MAGNETIC FIELDS.

PrRACTICAL EXAMPLES AND APPLICATIONS
1. CycLoTrON DESIGN

CYCLOTRONS USE THE PRINCIPLE OF CHARGED PARTICLES MOVING IN A MAGNETIC FIELD TO ACCELERATE PARTICLES TO HIGH
ENERGIES. UNDERSTANDING THE RADIUS AND PERIOD ALLOWS ENGINEERS TO DESIGN EFFECTIVE ACCELERATION CHAMBERS.

2. MAGNETIC CONFINEMENT IN FUSION REACTORS

DEVICES LIKE TOKAMAKS CONFINE PLASMA—COMPOSED OF ELECTRONS AND IONS—USING MAGNETIC FIELDS. THE CIRCULAR
MOTION OF ELECTRONS AND IONS IN MAGNETIC FIELDS HELPS CONTAIN THE PLASMA AND SUSTAIN NUCLEAR FUSION REACTIONS.

3. CosMic RAY TRAJECTORIES

HIGH-ENERGY ELECTRONS AND OTHER CHARGED PARTICLES ENTERING EARTH'S MAGNETIC FIELD FOLLOW CURVED PATHS.
ANALYZING THEIR MOTION HELPS SCIENTISTS UNDERSTAND COSMIC RAY PROPAGATION AND EARTH'S RADIATION BELTS.

ADVANCED ToPICS
1. HeLicaL MoTioN WHEN VELocCITY HAS COMPONENTS PARALLEL TO B

|F THE ELECTRON’S INITIAL VELOCITY HAS BOTH PERPENDICULAR AND PARALLEL COMPONENTS (V AND V ), THE MOTION
BECOMES A HELIX:

- THE COMPONENT V CAUSES UNIFORM MOTION ALONG THE MAGNETIC FIELD.
- THE PERPENDICULAR COMPONENT CAUSES CIRCULAR MOTION.

THE RESULTING TRAJECTORY IS A HELIX WITH RADIUS:
rR=MVE )/ (alB)

AND PITCH (DISTANCE MOVED ALONG B IN ONE PERIOD):
p=vEl T=vll (2nm)/(alB)

2. MoTIoN IN NonN-UNIFORM FIELDS

NON-UNIFORM MAGNETIC FIELDS LEAD TO MORE COMPLEX TRAJECTORIES, INCLUDING MAGNETIC MIRRORING AND DRIFT PHENOMENA,
WHICH ARE VITAL IN SPACE PHYSICS AND MAGNETIC CONFINEMENT STUDIES.

3. EFFECTS oF ELECTRIC FIELDS

ADDING AN ELECTRIC FIELD INTRODUCES ADDITIONAL FORCES, LEADING TO DRIFT VELOCITIES PERPENDICULAR TO BOTH EANnDB
FIELDS. SUCH PHENOMENA UNDERPIN THE OPERATION OF DEVICES LIKE THE EXB DRIFT IN PLASMA PHYSICS.

SUMMARY AND KEY TAKEAWAYS



- THE MOTION OF AN ELECTRON IN A UNIFORM MAGNETIC FIELD IS CHARACTERIZED BY CIRCULAR TRAJECTORIES WHEN INITIAL
VELOCITY IS PERPENDICULAR TO THE MAGNETIC FIELD.
- THE RADIUS OF THE ELECTRON'S CIRCULAR PATH IS:

rR=(MVv)/(alB)

- THE PERIOD OF THE MOTION IS:
T=(2nM)/ (EB)

- THE ANGULAR (CYCLOTRON) FREQUENCY IS:
n=(alB)/m

- THE MAGNETIC FORCE DOES NOT CHANGE THE KINETIC ENERGY BUT CONTINUOUSLY CHANGES THE DIRECTION OF VELOCITY,
RESULTING IN UNIFORM CIRCULAR MOTION.

- THESE PRINCIPLES UNDERPIN MANY TECHNOLOGIES IN PARTICLE PHYSICS, MEDICAL IMAGING (MRD, AND SPACE PHYSICS.

FINAL THOUGHTS

THE STUDY OF MOTION OF A CHARGED PARTICLE IN A UNIFORM MAGNETIC FIELD REVEALS FUNDAMENTAL INSIGHTS ABOUT
ELECTROMAGNETIC FORCES AND MOTION. THE CASE OF AN ELECTRON MOVING PERPENDICULARLY TO A MAGNETIC FIELD
ILLUSTRATES THE BEAUTIFUL SYMMETRY AND SIMPLICITY OF CLASSICAL PHYSICS, WHERE THE INTERPLAY OF FORCE, MOTION,
AND ENERGY MANIFESTS IN ELEGANT CIRCULAR TRAJECTORIES. MASTERY OF THIS TOPIC PROVIDES A FOUNDATION FOR
UNDERSTANDING MORE COMPLEX PHENOMENA INVOLVING CHARGED PARTICLES IN MAGNETIC FIELDS AND CONTINUES TO INSPIRE
INNOVATIONS IN SCIENCE AND TECHNOLOGY.

Motion Of A Charged Particle In A Uniform Magnetic Field 13
An FElectron Moves In A Circular Path Perpendicular

Motion Of A Charged Particle In A Uniform Magnetic Field 13 An Electron Moves In A Circular Path
Perpendicular

Related Articles

e 80 E/TlpalmaM Sealed Of Bib Yedi Ladw Lool Jaut ArewoleAnalyzing The First Draft Et Nob1.
Title And Introduction

e The President Can Be Selected By Of Votes Of The Electoral College?A) Five-
eighthsB) Two-thirdsC)
e This Week's Discussion Will Focus On The Threats You Learned About In The Last L.esson.

How Do Cyber Operators

Back to Home


https://sip.evo9x.com/ma45/motion-of-a-charged-particle-in-a-uniform-magnetic-field-13-an-electron-moves-in-a-circular-path-perpendicular.pdf
https://sip.evo9x.com/ma45/motion-of-a-charged-particle-in-a-uniform-magnetic-field-13-an-electron-moves-in-a-circular-path-perpendicular.pdf
https://sip.evo9x.com/ma45/80-e-tlpalmam-sealed-of-bib-yedi-ladw-lool-jaut-arewoleanalyzing-the-first-draft-et-nob1-title-and-introduction.pdf
https://sip.evo9x.com/ma45/80-e-tlpalmam-sealed-of-bib-yedi-ladw-lool-jaut-arewoleanalyzing-the-first-draft-et-nob1-title-and-introduction.pdf
https://sip.evo9x.com/ma45/the-president-can-be-selected-by-of-votes-of-the-electoral-college-a-five-eighthsb-two-thirdsc.pdf
https://sip.evo9x.com/ma45/the-president-can-be-selected-by-of-votes-of-the-electoral-college-a-five-eighthsb-two-thirdsc.pdf
https://sip.evo9x.com/ma45/this-week-s-discussion-will-focus-on-the-threats-you-learned-about-in-the-last-lesson-how-do-cyber-operators.pdf
https://sip.evo9x.com/ma45/this-week-s-discussion-will-focus-on-the-threats-you-learned-about-in-the-last-lesson-how-do-cyber-operators.pdf
https://sip.evo9x.com

