A PROTON AND AN ELECTRON ARE ReLeaseD FROM ResT AT
THE MiDPOINT BETWEEN THE PLATES OF A CHARGED
PARALLEL

A ProToN AND AN ELECTRON ARE RELEASED FROM REST AT THE MiDPOINT BETWEEN THE PLATES OF A CHARGED PARALLEL
— THIS INTRIGUING SCENARIO OFFERS A COMPELLING WINDOW INTO THE FUNDAMENTAL PRINCIPLES OF ELECTROMAGNETISM,
PARTICLE PHYSICS, AND THE BEHAVIOR OF CHARGED PARTICLES IN ELECTRIC FIELDS. UNDERSTANDING HOW THESE PARTICLES
MOVE, INTERACT, AND RESPOND TO THE ELECTRIC POTENTIAL BETWEEN THE PLATES PROVIDES INSIGHTS NOT ONLY INTO BASIC
PHYSICS BUT ALSO INTO PRACTICAL APPLICATIONS SUCH AS PARTICLE ACCELERATORSI ELECTRIC FIELD EXPERIMENTS/ AND
MODERN ELECTRONIC DEVICES. THIS ARTICLE EXPLORES THE PHYSICS BEHIND THIS SETUP, ANALYZING THE FORCES INVOLVED, THE
EQUATIONS GOVERNING PARTICLE MOTION, AND THE IMPLICATIONS OF SUCH PHENOMENA IN SCIENTIFIC RESEARCH AND
TECHNOLOGY.

INTRODUCTION TO CHARGED PARTICLES IN ELECTRIC FIELDS

CHARGED PARTICLES LIKE PROTONS AND ELECTRONS ARE FUNDAMENTAL CONSTITUENTS OF MATTER. THEY EXHIBIT UNIQUE
BEHAVIORS WHEN SUBJECTED TO ELECTRIC FIELDS, WHICH ARE REGIONS OF SPACE WHERE ELECTRIC FORCES ACT ON CHARGES.
THE SETUP DESCRIBED INVOLVES TWO PARALLEL PLATES WITH A UNIFORM ELECTRIC FIELD CREATED BETWEEN THEM. \WHEN A
PROTON AND AN ELECTRON ARE RELEASED FROM REST AT THE MIDPOINT, THEIR SUBSEQUENT MOTION IS GOVERNED BY
CoULOMB’S LAW AND THE PRINCIPLES OF CLASSICAL MECHANICS.

UNDERSTANDING THE SETUP

- PARALLEL PLATES: TWO CONDUCTIVE PLATES ARE PLACED PARALLEL TO EACH OTHER, SEPARATED BY A DISTANCE \( D \).

- VoLTAGE DIFFereNcE: A VOLTAGE \( V' \) IS APPLIED ACROSS THE PLATES, ESTABLISHING A UNIFORM ELECTRIC FIELD \( E \).
- MIDPOINT RELEASE: BOTH PARTICLES ARE RELEASED SIMULTANEOUSLY FROM THE MIDPOINT, WHERE THE ELECTRIC POTENTIAL IS
TYPICALLY CONSIDERED ZERO IF THE POTENTIAL DIFFERENCE IS SYMMETRIC.

THIS CONFIGURATION IS A CLASSIC EXAMPLE IN PHYSICS EDUCATION TO ILLUSTRATE THE EFFECTS OF ELECTRIC FIELDS ON
CHARGED PARTICLES AND TO ANALYZE THEIR TRAJECTORIES AND ENERGIES.

ELeECTRIC FIELD BETWEEN PARALLEL PLATES

The eLecTrIC FIELD \( E \) BETWEEN TWO PARALLEL PLATES WITH A VOLTAGE \( V \) AND separAaTION \( D \) IS GIVEN BY:

\[
E = \rrac{V}D}
\]

THIS FIELD IS ASSUMED TO BE UNIFORM, MEANING!:

- THe ForCE oN A cHARGE \( @ \) IN THIS FIELD 1s \( F = QE \).

- THE DIRECTION OF THE FORCE DEPENDS ON THE SIGN OF THE CHARGE:

- FOR A POSITIVE CHARGE (PROTON), THE FORCE IS IN THE DIRECTION OF THE ELECTRIC FIELD.
- FOR A NEGATIVE CHARGE (ELECTRON), THE FORCE IS OPPOSITE TO THE ELECTRIC FIELD.



KEY POINTS ABOUT THE ELECTRIC FIELD:

- UNIFORM FIELD SIMPLIFIES ANALYSIS OF PARTICLE MOTION.
- THE POTENTIAL DIFFERENCE CAUSES PARTICLES TO ACCELERATE OR DECELERATE DEPENDING ON THEIR CHARGE.

INITIAL CONDITIONS AND SYMMETRICAL SETUP

SINCE THE PROTON AND ELECTRON ARE RELEASED FROM REST AT THE MIDPOINT:
- THEY START WITH ZERO INITIAL VELOCITY.
- THEY ARE SUBJECTED TO FORCES DUE TO THE ELECTRIC FIELD.

- THEIR INITIAL POTENTIAL ENERGY IS CONSIDERED ZERO AT THE MIDPOINT FOR SYMMETRY.

THE SYMMETRY OF THE SETUP ALLOWS FOR A COMPARATIVE ANALYSIS OF THEIR MOTION, ENERGIES, AND THE FORCES ACTING
UPON THEM.

FOrRCES AND MOTION OF THE PARTICLES

Forces oN PROTON AND ELECTRON

- PROTON: EXPERIENCES A FORCE \( F_P = +EE \), ACCELERATING IT IN THE DIRECTION OF THE ELECTRIC FIELD.
- ELECTRON: ExPERIENCES A FORCE \( F_E = -EE \), ACCELERATING IT OPPOSITE TO THE ELECTRIC FIELD.

\WHere \( € \) 1s THE eLEMENTARY cHARGE (\( € \aPPrOX 1.602 \TiMes 10"{-193} \, \TexT{C} \)).

EQUATIONS OF MOTION

UsING NEWTON'S SECOND LAW:

\[
F=maA

\WE FIND THE ACCELERATION:

- ForR THE PROTON:

\[
A_P = \rrac{F_PHM P} = \rrac{eE}{m_r}
\]

- FOR THE ELECTRON:

\[
A_E=\rRAC{F_e}{M e} = \rrac{-eE}{mM_&}

\]



wHERE \(M_P \) AND \( M_E \) ARE THE MASSES OF THE PROTON AND ELECTRON, RESPECTIVELY.

Since \(M_P \GGM_E \), THE ELECTRON ACCELERATES MORE RAPIDLY UNDER THE SAME ELECTRIC FIELD.

ENERGY ANALYSIS OF THE PARTICLES

AS THE PARTICLES ACCELERATE, THEIR POTENTIAL ENERGY CONVERTS INTO KINETIC ENERGY.

INITIAL POTENTIAL ENERGY

AT THE MIDPOINT, WE CONSIDER THE POTENTIAL ENERGY TO BE ZERO. MOVING TOWARD EITHER PLATE, THE PARTICLES GAIN
KINETIC ENERGY WHILE LOSING POTENTIAL ENERGY.

KINETIC ENERGY AT THE PLATES

- ProTON:
\[

K p=€eV/2
\]

- ELECTRON:
\[

K e=eV/2
\]

ASSUMING THE PARTICLES START FROM THE MIDPOINT AND ACCELERATE TOWARD THE PLATES, GAINING EQUAL AMOUNTS OF
ENERGY BUT DIFFERENT VELOCITIES DUE TO THEIR MASS DIFFERENCE.

TIME oF FLIGHT AND PARTICLE VELOCITIES

THE TIME IT TAKES FOR EACH PARTICLE TO REACH THE RESPECTIVE PLATE CAN BE CALCULATED USING KINEMATIC EQUATIONS.

VELOCITY AT THE PLATES

USING ENERGY CONSERVATION:

\[
\rRAC{ 12} M V"2 =€V/2
\]

WHICH GIVES:



\[
v = \sqQrT{\rrAC{2eV}{M}}

\]

- FOR THE PROTON:

\[

v_p = \s@rT{\rrAc{2 € V}{M_P}}
\]

- FOR THE ELECTRON:

\[

v_e=\sQrT{\rrAC{2 £ V}{m _E}}
\]

Since \(m_e\tem p\), \(v_e\cav_pr\).

TiME To REACH THE PLATES

STARTING FROM REST, THE TIME \( T \) TO REACH THE PLATES SEPARATED BY DISTANCE \( D/2 \):

\[

T = \rrac{v}{a}

\]

OR, MORE PRECISELY, INTEGRATING THE EQUATIONS OF MOTION:
\[

p/2 = \rrAc{1H2} A T"2

\]

WHICH YIELDS:

\[

T = \s@rT{\rrAc{D}{A}}

\]

- FOR THE PROTON:

\[

T_p = \sqQrT{\rRAC{D/2HA_P}} = \s@rT{\rrAc{M_P 0}{2 £ E}}
\]

- FOR THE ELECTRON:

\[

T_e=\sQrT{\rrRAc{M_ED}{2 e E}}

\]

AcGAIN, BECAUSE \( M_E \) 1s MucH sMALLER, \( T_E \LL T_P \), MEANING ELECTRONS REACH THE PLATES MUCH FASTER THAN
PROTONS.



IMPLICATIONS AND APPLICATIONS OF CHARGED PARTICLE DYNAMICS

(UNDERSTANDING THE MOTION OF PROTONS AND ELECTRONS IN ELECTRIC FIELDS HAS NUMEROUS SCIENTIFIC AND TECHNOLOGICAL
IMPLICATIONS.

APPLICATIONS IN PARTICLE PHYSICS

- PARTICLE ACCELERATORS: DEVICES LIKE CYCLOTRONS AND LINEAR ACCELERATORS MANIPULATE CHARGED PARTICLES USING
ELECTRIC AND MAGNETIC FIELDS.

- MASS SPECTROMETRY: DIFFERENTIATES PARTICLES BASED ON THEIR MASS-TO-CHARGE RATIO, RELYING ON THEIR DISTINCT
RESPONSES TO ELECTRIC FIELDS.

ELECTRONICS AND ELECTRIC FIELD EXPERIMENTS

- DESIGN OF VACUUM TUBES AND ELECTRON GUNS.
- STUDIES OF ELECTRIC FIELD EFFECTS ON CHARGED PARTICLES FOR RESEARCH AND CALIBRATION.

FUNDAMENTAL PHYSICS INSIGHTS

- TesTING COULOMB'S LAW AND THE INVERSE-SQUARE NATURE OF ELECTROSTATIC FORCES.
- INVESTIGATING PARTICLE INTERACTIONS AND ENERGY TRANSFER PROCESSES.

SAFETY CONSIDERATIONS AND PRACTICAL CHALLENGES

\W/HILE THE PHYSICS IS STRAIGHTFORWARD, PRACTICAL IMPLEMENTATION INVOLVES CAREFUL CONSIDERATIONS:

- VoLTAGE CONTROL: HIGH VOLTAGES CAN POSE SAFETY RISKS.
- PARTICLE DETECTION: SENSITIVE INSTRUMENTS ARE NEEDED TO DETECT AND MEASURE PARTICLE VELOCITIES AND ENERGIES.
- FIELD UNIFORMITY: ENSURING THE ELECTRIC FIELD REMAINS UNIFORM IS CRUCIAL FOR ACCURATE EXPERIMENTS.

CoNcLUSION

THE SCENARIO OF A PROTON AND AN ELECTRON BEING RELEASED FROM REST AT THE MIDPOINT BETWEEN CHARGED PARALLEL
PLATES ILLUSTRATES FUNDAMENTAL PRINCIPLES OF ELECTROMAGNETISM AND PARTICLE DYNAMICS. THE PARTICLES' MOTION,
GOVERNED BY COULOMB’S LAW AND CLASSICAL MECHANICS, REVEALS DIFFERENCES ROOTED IN THEIR MASSES AND CHARGES.
ELECTRONSI BEING MUCH LIGHTER, ACCELERATE FASTER AND REACH THE PLATES MORE QUICKLY THAN PROTONS, HIGHLIGHTING
THE IMPACT OF MASS AND CHARGE ON PARTICLE TRAJECTORIES IN ELECTRIC FIELDS.

UNDERSTANDING THESE PRINCIPLES NOT ONLY DEEPENS OUR GRASP OF BASIC PHYSICS BUT ALSO UNDERPINS NUMEROUS
TECHNOLOGICAL ADVANCEMENTS, FROM PARTICLE ACCELERATORS AND MASS SPECTROMETERS TO ELECTRONIC DEVICES.
EXPLORING THE MOTION OF CHARGED PARTICLES IN CONTROLLED ELECTRIC FIELDS REMAINS A CORNERSTONE OF EXPERIMENT AL
PHYSICS AND CONTINUES TO INFORM INNOVATIONS ACROSS SCIENTIFIC DISCIPLINES.



Key TAKEAWAYS:

- ELECTRIC FIELDS BETWEEN PARALLEL PLATES INFLUENCE CHARGED PARTICLE MOTION.

- PROTON AND ELECTRON RESPONSES DIFFER SIGNIFICANTLY DUE TO MASS DISPARITY.

- ENERGY CONSERVATION ALLOWS CALCULATION OF VELOCITIES AND TIMES OF FLIGHT.

- PRACTICAL APPLICATIONS EXTEND TO SCIENTIFIC RESEARCH AND ELECTRONIC DEVICE ENGINEERING.

- SAFETY AND PRECISION ARE ESSENTIAL IN EXPERIMENTAL SETUPS INVOLVING HIGH VOLTAGES AND SENSITIVE MEASUREMENTS.

BY STUDYING SUCH FUNDAMENTAL PHENOMENA , SCIENTISTS AND ENGINEERS CAN HARNESS THE PROPERTIES OF CHARGED
PARTICLES TO DEVELOP NEW TECHNOLOGIES, EXPLORE THE UNIVERSE AT THE SMALLEST SCALES, AND DEEPEN OUR
UNDERSTANDING OF THE NATURAL WORLD.

FREQUENTLY ASkeD QUESTIONS

\WHAT IS THE INITIAL SETUP OF THE PROBLEM INVOLVING A PROTON AND AN ELECTRON
BETWEEN CHARGED PARALLEL PLATES?

A PROTON AND AN ELECTRON ARE RELEASED FROM REST AT THE MIDPOINT BETWEEN TWO CHARGED PARALLEL PLATES,
EXPERIENCING ELECTRIC FORCES DUE TO THE PLATES' ELECTRIC FIELD.

How DOES THE ELECTRIC FIELD BETWEEN THE PLATES AFFECT THE MOTION OF THE
PROTON AND ELECTRON?

THE ELECTRIC FIELD EXERTS FORCES ON BOTH PARTICLES: IT ACCELERATES THE PROTON TOWARD THE NEGATIVE PLATE AND THE
ELECTRON TOWARD THE POSITIVE PLATE, CAUSING THEM TO ACCELERATE IN OPPOSITE DIRECTIONS.

\WHAT IS THE SIGNIFICANCE OF THE PARTICLES BEING RELEASED FROM REST AT THE
MIDPOINT?

STARTING FROM REST AT THE MIDPOINT MEANS THEIR INITIAL KINETIC ENERGY IS ZERO, AND THEIR SUBSEQUENT MOTION IS SOLELY
DUE TO THE ELECTRIC FORCE ACTING ON EACH PARTICLE.

How Do THE MASSES AND CHARGES OF THE PROTON AND ELECTRON INFLUENCE THEIR
ACCELERATION IN THE ELECTRIC FIELD?

THE ACCELERATION OF EACH PARTICLE IS PROPORTIONAL TO ITS CHARGE AND INVERSELY PROPORTIONAL TO ITS MASS, SO THE
ELECTRON ACCELERATES MORE RAPIDLY THAN THE PROTON DESPITE HAVING THE SAME MAGNITUDE OF CHARGE.

WHAT EQUATIONS CAN BE USED TO ANALYZE THE MOTION OF THE PROTON AND
ELECTRON IN THIS SCENARIO?

NEWTON'S SECOND LAW COMBINED WITH COULOMB'S LAW (F = QE) CAN BE USED TO DETERMINE THE ACCELERATION,
VELOCITY, AND DISPLACEMENT OF EACH PARTICLE OVER TIME.

\WHAT IS THE TYPICAL OUTCOME REGARDING THE PARTICLES' VELOCITIES WHEN THEY
REACH THE PLATES?

THE PARTICLES GAIN KINETIC ENERGY AS THEY MOVE TOWARD THE PLATES; DUE TO THEIR DIFFERENT MASSES, THE ELECTRON
REACHES A HIGHER VELOCITY THAN THE PROTON BY THE TIME THEY ARRIVE AT THE RESPECTIVE PLATES.



How CAN THIS SETUP BE USED TO DEMONSTRATE FUNDAMENTAL PRINCIPLES IN PHYSICS?

THIS EXPERIMENT ILLUSTRATES CONCEPTS SUCH AS ELECTRIC FORCES, ACCELERATION, ENERGY TRANSFER, AND THE DIFFERENCES
IN MOTION CAUSED BY MASS AND CHARGE, MAKING IT A PRACTICAL EXAMPLE OF ELECTROSTATICS AND CLASSICAL MECHANICS.

ADDITIONAL RESOURCES

A ProToON AND AN ELECTRON ARE RELEASED FROM REST AT THE MiDPOINT BETWEEN THE PLATES OF A CHARGED PARALLEL

IN THE REALM OF ELECTROMAGNETISM, FEW SCENARIOS ARE AS ILLUSTRATIVE AND INSTRUCTIVE AS THE BEHAVIOR OF CHARGED
PARTICLES WITHIN THE UNIFORM ELECTRIC FIELDS GENERATED BY PARALLEL PLATES. IMAGINE A PROTON AND AN ELECTRON, BOTH
INITIALLY AT REST, RELEASED SIMULTANEOUSLY FROM THE EXACT MIDPOINT BETWEEN TWO PARALLEL PLATES BEARING A
UNIFORM ELECTRIC CHARGE. THIS SEEMINGLY SIMPLE SETUP ENCAPSULATES FUNDAMENTAL PRINCIPLES OF PHYSICS, INCLUDING
CouLoMs’s LAW , ELECTRIC FIELD THEORY, AND CLASSICAL MECHANICS. UNDERSTANDING THEIR MOTION OFFERS PROFOUND
INSIGHTS INTO HOW CHARGED PARTICLES INTERACT WITH ELECTRIC FIELDS, REVEALING THE INTRICATE DANCE DICTATED BY
FUNDAMENTAL FORCES.

THe PHYSICAL SETUP AND FUNDAMENTAL PRINCIPLES
THE PARALLEL PLATES AND ELECTRIC FIELD

CONSIDER TWO LARGE, FLAT, PARALLEL PLATES SEPARATED BY A DISTANCE \( D \). THE UPPER PLATE IS POSITIVELY CHARGED,
WHILE THE LOWER PLATE IS NEGATIVELY CHARGED, CREATING A UNIFORM ELECTRIC FIELD \( \MATHBF{E} \) BETWEEN THEM. THE
MAGNITUDE OF THIS ELECTRIC FIELD IS GIVEN BY:

\[

E = \rrac{\sicMa}{\vArersiLon_0}

\]

WHERE:
- \('\sIGMA \) IS THE SURFACE CHARGE DENSITY,
- \(\varersiLon_O \) IS THE PERMITTIVITY OF FREE SPACE.

ALTERNATIVELY, IF THE PLATES ARE CONNECTED TO A VOLTAGE SOURCE \( V \), THeN:

\[
E = \rrac{V}{D}
\]

THE DIRECTION OF THE ELECTRIC FIELD IS FROM THE POSITIVE TO THE NEGATIVE PLATE, CONVENTIONALLY TAKEN AS
DOWNW ARD.

THe PARTICLES: PROTON AND ELECTRON
- PROTON: A POSITIVELY CHARGED PARTICLE WITH CHARGE \( +E \) (where \( € \apProx 1.602 \TiMes 10"{-19}\,
\TexT{C} \)) anD Mass \(M_p \apProx 1.673 \TiMes 107{-273} \, \TexT{kc} \).

- ELECTRON: A NEGATIVELY CHARGED PARTICLE WITH CHARGE \( -E \) AND Mass \( M_E \approx 9.109 \TiMes 10°{-31}

\, \text{ka} \).

BOTH PARTICLES ARE RELEASED FROM REST AT THE MIDPOINT, EQUIDISTANT FROM BOTH PLATES, MEANING EACH STARTS AT
posITIoN \( Y =b0/2 \) WITHIN THE FIELD.

ASSUMPTIONS AND IDEALIZATIONS

- THE PLATES ARE INFINITELY LARGE, ENSURING A UNIFORM ELECTRIC FIELD.
- THE PARTICLES ARE POINT CHARGES, WITH NO CONSIDERATION OF SIZE OR QUANTUM EFFECTS.



- NO EXTERNAL FORCES (LIKE MAGNETIC FIELDS) ACT ON THE PARTICLES.
- AIR RESISTANCE OR OTHER DISSIPATIVE EFFECTS ARE NEGLECTED.
- THE INITIAL VELOCITIES OF BOTH PARTICLES ARE ZERO.

ANALYZING THE FORCES AND MOTION
CouLoMe ForcE AND ELECTRIC FORCE

THE FUNDAMENTAL FORCE ACTING ON A CHARGED PARTICLE IN AN ELECTRIC FIELD IS COULOMB’S FORCE:

\[

\MATHBF{F} = @ \MATHBF{E}

\]

FOR THE PROTON, THE FORCE IS:
\[

\MATHBF{F} P = +€ \MATHBF{E}
\]

FOR THE ELECTRON, THE FORCE IS:
\[

\MATHBF{F} E = -£ \MATHBF{E}
\]

SINCE THE ELECTRIC FIELD POINTS FROM THE POSITIVE TO THE NEGATIVE PLATE, THE PROTON WILL ACCELERATE TOWARD THE
NEGATIVE PLATE, AND THE ELECTRON TOWARD THE POSITIVE PLATE.

EQUATIONS OoF MOTION

UsING NEWTON'S SECOND LAW:

\[
\MATHBF{F} = M \MATHBF{A}

\]

WE OBTAIN THE ACCELERATION FOR EACH PARTICLE:

- ProTON:

\[

A_P = \rrac{F _PXM P} = \rrac{e EXm P}
\]

- ELECTRON:

\[

A_e=\rRAC{F_e}{M e} = \rrac{e EXM £}
\]

NOTE THAT WHILE BOTH PARTICLES EXPERIENCE FORCES OF EQUAL MAGNITUDE (SINCE \( E \) IS THE SAME), THEIR
ACCELERATIONS DIFFER SIGNIFICANTLY DUE TO THEIR MASS DISPARITY:

\[
A_E\GGA_P

\]



THIS LEADS TO THE ELECTRON ACCELERATING MUCH FASTER THAN THE PROTON.

TRAJECTORY AND TIME OF FLIGHT
SYMMETRICAL STARTING POINT

SINCE BOTH PARTICLES START AT THE SAME POSITION WITH ZERO INITIAL VELOCITY, AND EXPERIENCE CONSTANT
ACCELERATION, THEIR MOTIONS ARE DESCRIBED BY THE KINEMATIC EQUATIONS FOR UNIFORMLY ACCELERATED MOTION.

PosITIoN AS A FUNCTION oF TIME

For EACH PARTICLE, THE POSITION \( Y(T) \) RELATIVE TO THE STARTING POINT IS:

\[
y(1)=vy_ 0+v 0T+ \rRAc{1}{2} A T"2
\]

Given \(v_0=10) anp niTIAL PosITIoN \( Y_0 =D/2 \), THE POSITIONS TOWARD THE RESPECTIVE PLATES ARE:

- ProToN (MOVING TOWARD THE NEGATIVE PLATE AT \( v=0 \)):

\[
v_p(T) = \rrAc{D}{2} - \rrAc{1}{2} A P T"2
\]

- ELEcTrRON (MOVING TOWARD THE POSITIVE PLATE AT \( y=D \)):

\[
v_e(7) = \rrAac{p}{2} + \rrac{1H2} A_ET"2
\]

THE PARTICLES REACH THEIR RESPECTIVE PLATES WHEN \( Y(7) = 0 \) For THe ProTON AND \( Y(T) =D \) FOR THE
ELECTRON.

CALCULATING THE TIME OF ARRIVAL

ProTON's TIME To REACH THE NEGATIVE PLATE
Set \(vy_p(T)=0\):

\[

0 = \rRAc{D} 2} - \rrRAC{TH2} A P T P"2
\]

\[
APT P"2=D

\]
\l

T_p = \sQrT{\rrAc{D}{A_P}} = \sqrT{\rrac{o™_P}{E E}}
\]

SIMILARLY, FOR THE ELECTRON:

\[



D= \rRAC{TH2} A ET E"2
\]

\[
T e = \sQrT{\rRAc{D}A_E}} = \sqrT{\rrac{p M_Ee}{e E}}
\]

Since \(M_E \LL M_P \), THE ELECTRON REACHES THE PLATE MUCH FASTER THAN THE PROTON.

QUANTITATIVE EXAMPLE

SupPOSE THE PLATES ARE SEPARATED BY \( D = 1\, \TexT{cM} = 0.01\, \TexT{m} \), AND THE ELECTRIC FIELD IS \( E =
1074\, \TexT{V/M} \) (ACHIEVED WITH A FEW HUNDRED VOLTS ACROSS THE PLATES).

CALCULATE THE ACCELERATIONS:

- ProTON:

\[

A_P = \rrAC{E E}{M_P} = \rrac{1.602 \TiMes 107{-193 \TiMes 10743{1.673 \TiMes 10°{-273} \approx 9.58
\TiMes 107{11}\, \texT{m/s}"2

\]

- ELECTRON:

\[

A_E=\rRAC{E EX{M E} = \rrAc{1.602 \TiMes 10"{-193 \TiMes 10743}{9.109 \TiMes 10"{-31}} \aprrox 1.76
\TiMes 107{153} \, \TexT{M/s}"2

\]

CALCULATE THE TIMES:

- ProTON:

\[

T P =\sQrT{\FrAC{0.013}{9.58 \TiMes 10"{11}}} \aprrox \sQrT{1.043 \TiMes 10°{-14}} \approx 1.02 \TIMES
107°{-73\, \tex7{s}

\]

- ELECTRON:

\[

T = \sQrT{\FRAC{0.01}{1.76 \TiMes 10™{15}}} \aprrox \sQrT{5.68 \TiMes 10"{- 183} \aprrox 7.54 \TIMeS
107°{-10} \, \text{s}

\]

THIS CALCULATION HIGHLIGHTS THAT THE ELECTRON REACHES THE PLATE IN LESS THAN A NANOSECOND, WHILE THE PROTON
TAKES ABOUT 0.1 MICROSECONDS TO REACH ITS TARGET.

THE DYNAMICS AND FINAL VELOCITIES
FINAL VELOCITIES

UsING:



\l
V=AT

\]

- ProTON:

\[
v_P=A_PT_P\apPrOX 9.58 \TiMes 10”{11} \1iMes 1.02 \TiMes 10™{-7} \approx 97.7 \, \TexT{M/s}

\]

- ELECTRON:

\[
v_eE=Aa_eT_E\APPrOX 1.76 \TiMes 107{ 15} \1iMes 7.54 \1imes 10"{-103 \aprrox 1.33 \TiMes 10"{6} \,
\texT{m/s}

\]

THE ELECTRON ACHIEVES A VELOCITY OVER A MILLION METERS PER SECOND, DEMONSTRATING THEIR RAPID ACCELERATION AND
HIGH KINETIC ENERGY UPON IMPACT.

ENERGY CONSIDERATIONS

THE KINETIC ENERGY (KE) GAINED BY EACH PARTICLE UPON REACHING THE PLATES IS:

\[

KE = \rrac{1}{2} M v"2
\]

- ProTON:

\[

KE_p = \rrAc{1}{ 23} \TiMes 1.673 \TiMes 10°{-27} \1imes (97.7)"2 \approx 7.97 \TiMes 10°{-24} \, \TexT{J}
\]

- ELECTRON:

\[
KE_e=\rrac{13{2} \TiMes 9.109 \1TiMes 10°{-3 71} \iMes (1.33 \1iMes 10°{63)"2 \aprrox 8.07 \TiMes 107{-19}

\, \text{J}
\]

EXPRESSED IN ELECTRONVOLTS (EV):

\[
1\, \text{eV} = 1.602 \1iMes 10"{-19}\,
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