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WHAT MusT THe CHARGE (SIGN AND MAGNITUDE) OF A PARTICLE OF Mass 1.44 G Be For IT To REMAIN STATIONARY

(UNDERSTANDING THE CONDITIONS UNDER WHICH A CHARGED PARTICLE REMAINS STATIONARY IN AN ELECTRIC OR MAGNETIC FIELD
IS FUNDAMENTAL IN PHYSICS. IN PARTICULAR, DETERMINING THE MAGNITUDE AND SIGN OF THE CHARGE NECESSARY FOR A PARTICLE
OF A GIVEN MASS TO STAY STATIONARY INVOLVES ANALYZING THE INTERPLAY OF ELECTROMAGNETIC FORCES AND
GRAVITATIONAL EFFECTS. THIS ARTICLE EXPLORES THIS INTRIGUING QUESTION IN DETAIL, PROVIDING A COMPREHENSIVE
OVERVIEW SUITABLE FOR STUDENTS, EDUCATORS, AND ENTHUSIASTS INTERESTED IN ELECTROMAGNETISM AND CLASSICAL
MECHANICS.

FUNDAMENTAL CONCEPTS INVOLVED

BEFORE DELVING INTO THE CALCULATIONS AND SPECIFICS, IT’S ESSENTIAL TO UNDERSTAND THE CORE PRINCIPLES THAT GOVERN
THE MOTION OF CHARGED PARTICLES IN ELECTROMAGNETIC FIELDS.

NewToN’'s LAWS AND FORCES ON A PARTICLE

A PARTICLE'S MOTION IS DETERMINED BY NEWTON'S SECOND LAW:

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

\]

WHERE:
- \(\MaTHBF{F} \) Is THE NET FORCE,
-\(™m\) IS THE MASS,

-\(\MATHBF{A} \) IS THE ACCELERATION.

FOR THE PARTICLE TO REMAIN STATIONARY, ITS ACCELERATION MUST BE ZERO:

\l

\mMaTHBF{A} = O \RicHTARROW \MATHBF{F} {\TexT{NeT}} =0

\]

THIS MEANS THE FORCES ACTING ON THE PARTICLE MUST BALANCE EACH OTHER OUT.

ELECTROMAGNETIC FORCES

TWO PRIMARY ELECTROMAGNETIC FORCES CAN ACT ON A CHARGED PARTICLE:

- ELecTric Force (\( \MATHBF{F}_E \)): causeD By eLecTrIC FIELDS \( \MATHBF{E} \), GIVEN BY:

\[
\MATHBF{F} E = Q \MATHeF{E}
\]



- MacneTIC Force (\( \MATHBF{F}_B \)): causep &Y MaGNETIC FIELDS \( \MATHBF{B} \), GIVEN BY:

\l

\MATHBF{F} B =Q \MATHBF{V} \TIMeS \MATHBF{B}

\]

WHERE:
-\( Q) IS THE CHARGE,

-\(\MaTHBF{V} \) IS THE VELOCITY OF THE PARTICLE,
-\(\TIMes \) DENOTES THE VECTOR CROSS PRODUCT.

SINCE THE PARTICLE IS STATIONARY, THE MAGNETIC FORCE \(\MATHBF{F}_B\) IS ZERO BECAUSE IT DEPENDS ON VELOCITY.

GRAVITATIONAL FORCE

GRAVITY EXERTS A FORCE:

\[
\MATHBF{F} G =™ \MATHBF{G}

\]

WHERE:
-\(M\) Is THE MASS,
-\(\MaTHBF{G} \) IS THE ACCELERATION DUE TO GRAVITY (APPROXIMATELY \(9.8\, \MATHRM{M/S"2}\) DOWNWARD).

IN MANY PRACTICAL SCENARIOS, GRAVITATIONAL FORCES ARE NEGLIGIBLE COMPARED TO ELECTROMAGNETIC FORCES, ESPECIALLY
FOR SMALL CHARGES IN STRONG FIELDS, BUT IT’S ESSENTIAL TO CONSIDER ALL FORCES FOR COMPLETENESS.

GIVEN DATA AND ASSUMPTIONS

LET’S SPECIFY THE PROBLEM PARAMETERS:

- Mass of pARTICLE, \( M \): 1.44 cramMs = 0.00144 ka
- GoaL: Fino THE cHARGE \( Q \) (BOTH MAGNITUDE AND SIGN) SUCH THAT THE PARTICLE REMAINS STATIONARY.

ADDITIONAL ASSUMPTIONS:

- THE PARTICLE IS PLACED IN A UNIFORM ELECTRIC FIELD \( \MATHBF{E} \) AND/or MAGNETIC FIELD \( \MATHBF{B]} \).
- THE FIELDS ARE CONFIGURED SUCH THAT THE NET FORCE CAN BE BALANCED.

- No oTHER FORCES (LIKE FRICTION OR AIR RESISTANCE) ARE CONSIDERED.

- THE ENVIRONMENT IS IDEAL, WITH FIELDS OF KNOWN MAGNITUDE.

NOTE: SINCE THE PROBLEM DOES NOT SPECIFY THE EXTERNAL FIELDS, WE WILL ANALYZE THE GENERAL CONDITIONS NECESSARY
FOR THE PARTICLE TO REMAIN STATIONARY , CONSIDERING BOTH ELECTRIC AND MAGNETIC FIELDS.

CONDITIONS FOR THE PARTICLE TO REMAIN STATIONARY

TO KEEP THE PARTICLE STATIONARY, THE SUM OF ALL FORCES MUST BE ZERO:

\l

\MATHBF{F} {\TexT{TOTAL}} =0

\]



DEPENDING ON THE ENVIRONMENT, THIS CAN BE ACHIEVED VIA!:

- ELECTRIC FORCES BALANCING GRAVITY (ELECTRIC LEVITATION),
- MAGNETIC FORCES COUNTERACTING GRAVITY,
- A COMBINATION OF ELECTRIC AND MAGNETIC FORCES.

SCENARIO 1: BALANCING GRAVITATIONAL FORCE WITH ELECTRIC FORCE

IF A UNIFORM ELECTRIC FIELD \( \MATHBF{E} \) ACTS VERTICALLY (SAY, UPWARD), THEN THE ELECTRIC FORCE ON THE
PARTICLE IS:

\l

\MATHBF{F} E = Q \MATHerF{E}

\]

To BALANCE GRAVITY:

\[
QE=mMac
\]

AssuMiNG \( \MATHBF{E} \) IS DIRECTED UPWARD, THE CHARGE \( Q@ \) MUST HAVE A SIGN OPPOSITE TO GRAVITY’S
DIRECTION TO PRODUCE AN UPWARD FORCE.

CaLcuLating \( Q \):

\[
Q = \rrac{m c}{E}
\]

- MaGNITUDE ofF \( Q \): DEPENDS ON THE ELECTRIC FIELD STRENGTH \( E \).

- SieN of \( @ \): OPPOSITE TO THE DIRECTION OF GRAVITY.

- IF GRAVITY PULLS DOWNWARD, THEN A POSITIVE CHARGE WOULD NEED AN ELECTRIC FIELD DIRECTED UPWARD TO LEVITATE,
OR VICE VERSA.

SCENARIO 2: BALANCING GRAVITATIONAL FORCE WITH MAGNETIC FORCE

MAGNETIC FORCES ACT PERPENDICULAR TO BOTH THE MAGNETIC FIELD \( \MATHBF{B} \) AND THE PARTICLE’S VELOCITY \(
\MATHBF{V]} \). SINCE THE PARTICLE IS STATIONARY:

\[
\mMaTHBF{F} B=0
\]

THUS, MAGNETIC FIELDS ALONE CANNOT EXERT A FORCE ON A STATIONARY PARTICLE, UNLESS THE PARTICLE IS MOVING.
Scenario 3: CoMBINED ELECTRIC AND MAGNETIC FieLDS (LoRENTZ FORCE)

IN THE PRESENCE OF BOTH FIELDS, THE LORENTZ FORCE IS:

\l

\MaTHBF{F} = @ (\MATHBF{E} + \MATHBF{V} \TIMES \MATHBF{B})

\]

For A sTATIONARY PARTICLE (\( \MATHBF{V} = 0 \)), THE MAGNETIC COMPONENT VANISHES, LEAVING ONLY THE ELECTRIC
FORCE.

CONCLUSION:



To KEEP A STATIONARY PARTICLE SUSPENDED, AN ELECTRIC FIELD CAN BE EMPLOYED TO COUNTERACT GRAVITY, PROVIDED THE
PARTICLE’S CHARGE AND THE FIELD STRENGTH ARE APPROPRIATELY CHOSEN.

CALCULATING THE CHARGE MAGNITUDE AND SIGN

GIVEN THE CONTEXT, LET’S PROCEED WITH THE MOST STRAIGHTFORW ARD SCENARIO: BALANCING GRAVITY WITH AN ELECTRIC
FIELD.

STep 1: DETERMINE THE W/EIGHT OF THE PARTICLE

THe weicHT \( W \):
\[

W=mMa

\]

UsING:

\[
M= 0.00144\, \TexT{kc}
\]
\[
G = 9.8\, \MaTHRM{M/s" 2}
\]

CALCULATES TO:

\[
W =0.00144 \1imes 9.8 \approx 0.014 112\, \MATHRM{N}

STeP 2: EsTABLISH THE ELECTRIC FIELD NEEDED

SUPPOSE THE ELECTRIC FIELD \( E \) IS KNOWN OR SET TO A PRACTICAL VALUE BASED ON THE ENVIRONMENT. FOR
ILLUSTRATION, ASSUME:

\[
E=10"4\, \MaTHRM{V /M}
\]

THIS IS A HIGH BUT ACHIEVABLE ELECTRIC FIELD IN CONTROLLED LABORATORY CONDITIONS.

Step 3: CaLcuLATE THE ReQuIRep CHarGE \( @ \)

\[
Q = \FrRAC{WHE} = \rrac{0.014112}{10"4} = 1.4112 \1imes 10°{-63}\, \MATHRM{C}
\]

WHICH IS APPROXIMATELY 1.4 1 MC (MIcRocouLOMBS).
STep 4: DeTerMINE THE SigN oF \(Q \)

- TO LEVITATE THE PARTICLE AGAINST GRAVITY, THE ELECTRIC FORCE MUST ACT UPW ARD.
- SINCE GRAVITY PULLS DOWNWARD, THE ELECTRIC FORCE MUST BE UP\W ARD:



\[
F E=QE \RiGHTARROW Q > O
\]

IF \( E \) IS DIRECTED UPWARD.

- SIGN OF CHARGE: POSITIVE IF ELECTRIC FIELD IS UP\WARD; NEGATIVE IF ELECTRIC FIELD IS DOWNW ARD.

PrACTICAL CONSIDERATIONS AND CONSTRAINTS

W/HILE THE CALCULATIONS ABOVE PROVIDE A THEORETICAL ESTIMATE, SEVERAL PRACTICAL FACTORS INFLUENCE THE ACTUAL
CHARGE AND FIELD REQUIREMENTS.

CHARGE STABILITY AND PARTICLE MATERIAL

- THE PARTICLE’S MATERIAL DETERMINES HOW MUCH CHARGE IT CAN HOLD WITHOUT DISCHARGING OR DISINTEGRATING.
- MATERIALS LIKE DUST PARTICLES OR SMALL BEADS CAN BE CHARGED VIA TRIBOELECTRIC METHODS OR CORONA DISCHARGE.

FIELD STRENGTH LIMITATIONS

- HIGH ELECTRIC FIELDS CAN LEAD TO ELECTRICAL BREAKDOWN OF THE MEDIUM (AIR OR VACUUM), LIMITING ACHIEV ABLE FIELD
STRENGTHS.

- THE DIELECTRIC STRENGTH OF AIR AT STANDARD CONDITIONS IS ROUGHLY \( 3 \TiMes 1076\, \MaTHRM{V /M} \), SO FIELDS
of \( 10™4\, \MATHRM{V/M} \) ARE WELL WITHIN SAFE LIMITS.

ENVIRONMENTAL FACTORS

- EXTERNAL DISTURBANCES, SUCH AS AIR CURRENTS OR VIBRATIONS, CAN CAUSE MOVEMENT.
- CONDUCTIVE OR INSULATING PROPERTIES OF THE PARTICLE AFFECT HOW IT CHARGES AND RESPONDS TO FIELDS.

SUMMARY oOF KEY FINDINGS

- Tokeer A 1.44 G PARTICLE STATIONARY IN AN ELECTRIC FIELD OF \(' 1074\, \MATHRM{V /M} \), IT REQUIRES A CHARGE OF
APPROXIMATELY 1.41 MC.

- THE SIGN OF THE CHARGE DEPENDS ON THE DIRECTION OF THE ELECTRIC FIELD RELATIVE TO GRAVITY:

- |F THE FIELD IS UPWARD, THE CHARGE SHOULD BE POSITIVE.

- |F DOWNWARD, THE CHARGE SHOULD BE NEGATIVE FOR LEVITATION,

- IN THE ABSENCE OF MAGNETIC FIELDS, MAGNETIC FORCES DO NOT CONTRIBUTE TO BALANCING THE WEIGHT UNLESS THE
PARTICLE IS MOVING.

ADDITIONAL INSIGHTS AND ADVANCED TOPICS

BEYOND THE BASIC SCENARIO, SEVERAL ADVANCED CONSIDERATIONS CAN INFLUENCE THE CHARGE AND FORCE BALANCE.



ELECTRODYNAMICS IN DIFFERENT ENVIRONMENTS

FREQUENTLY AskeD QUESTIONS

\W/HAT IS THE CONDITION FOR A PARTICLE TO REMAIN STATIONARY IN A MAGNETIC
FIELD?

THE MAGNETIC FORCE ON THE PARTICLE MUST BE ZERO , WHICH OCCURS IF THE
PARTICLE'S CHARGE IS ZERO OR IF THE PARTICLE IS AT REST AND THE MAGNETIC FIELD
EXERTS NO FORCE WHEN THE VELOCITY COMPONENT PERPENDICULAR TO THE FIELD IS
ZERO.

GIVEN A PARTICLE OF MASS 1.44 G, WHAT IS ITS MASS IN KILOGRAMS?

THE MASS IN KILOGRAMS IS 1.44 6 = 1.44 x 103 ka.

CAN A CHARGED PARTICLE REMAIN STATIONARY IN A MAGNETIC FIELD IF THE MAGNETIC
FIELD IS UNIFORM?

YEes , IF THE PARTICLE'S CHARGE IS ZERO , IT WILL REMAIN STATIONARY REGARDLESS OF
THE MAGNETIC FIELD, SINCE MAGNETIC FORCES ACT ONLY ON MOVING CHARGES.

IS IT POSSIBLE FOR A PARTICLE WITH A NON-ZERO CHARGE TO REMAIN STATIONARY IN A
MAGNETIC FIELD?

No , IF THE PARTICLE HAS A NON-ZERO CHARGE AND IS INITIALLY AT REST, THE MAGNETIC
FORCE IS ZERO BECAUSE MAGNETIC FORCE DEPENDS ON VELOCITY, THUS, IT REMAINS
STATIONARY UNLESS OTHER FORCES ACT ON IT.

W/HAT IS THE SIGNIFICANCE OF THE CHARGE'S SIGN (POSITIVE OR NEGATIVE) FOR A
STATIONARY PARTICLE?



THE SIGN OF THE CHARGE DETERMINES THE DIRECTION OF THE FORCE IF THE PARTICLE
MOVES, HOWEVER, FOR A STATIONARY PARTICLE, THE SIGN DOES NOT AFFECT ITS
STATIONARY STATE, AS NO MAGNETIC FORCE ACTS ON IT WHEN AT REST.

WHAT MAGNITUDE OF CHARGE IS NEEDED FOR A PARTICLE OF MASS 1.44 G TO REMAIN
STATIONARY IN A MAGNETIC FIELD?

IF THE PARTICLE IS AT REST , NO MAGNETIC CHARGE MAGNITUDE IS REQUIRED FOR IT TO
STAY STATIONARY, IT REMAINS SO REGARDLESS OF CHARGE, PROVIDED NO OTHER
FORCES ACT ON IT.

IF AN EXTERNAL ELECTRIC FIELD IS PRESENT, WHAT CHARGE MUST THE PARTICLE HAVE
TO STAY STATIONARY?

THE PARTICLE MUST HAVE A CHARGE SUCH THAT THE ELECTRIC FORCE BALANCES OTHER
FORCES ACTING ON IT, OTHERWISE, IN THE ABSENCE OF ELECTRIC FIELDS, MAGNETIC
FORCES DO NOT AFFECT STATIONARY PARTICLES.

How DOES THE MAGNITUDE OF THE CHARGE RELATE TO THE MAGNETIC FORCE
EXPERIENCED BY A MOVING PARTICLE?

THE MAGNETIC FORCE IS PROPORTIONAL TO THE MAGNITUDE OF THE CHARGE AND THE
VELOCITY OF THE PARTICLE, ZERO VELOCITY RESULTS IN ZERO MAGNETIC FORCE
REGARDLESS OF CHARGE MAGNITUDE.

IN THE ABSENCE OF OTHER FORCES , CAN A NON-ZERO CHARGE PARTICLE OF MASS 144 G
STAY STATIONARY IN A MAGNETIC FIELD?

YES , BUT ONLY IF THE PARTICLE IS INITIALLY AT REST AND NO OTHER FORCES ACT
UPON IT, MAGNETIC FORCES DO NOT INFLUENCE STATIONARY CHARGES.



ADDITIONAL RESOURCES

UNDERSTANDING THE CHARGE AND SIGN REQUIRED FOR A 1.44 G PARTICLE TO REMAIN
STATIONARY: AN IN-DEPTH ANALYSIS

IN THE FASCINATING REALM OF ELECTROMAGNETISM , THE BEHAVIOR OF CHARGED
PARTICLES UNDER THE INFLUENCE OF ELECTRIC AND MAGNETIC FIELDS HAS LONG
CAPTIVATED PHYSICISTS AND STUDENTS ALIKE. ONE INTRIGUING QUESTION THAT OFTEN
ARISES PERTAINS TO THE SPECIFIC CONDITIONS—™PARTICULARLY THE MAGNITUDE AND
SIGN OF CHARGE—THAT A PARTICLE MUST POSSESS TO REMAIN STATIONARY WITHIN A
GIVEN ELECTROMAGNETIC ENVIRONMENT. \WHEN CONSIDERING A PARTICLE WITH A MASS
oF 1.44 GrRAMS , THIS QUESTION BECOMES ESPECIALLY INTERESTING DUE TO THE
INTERPLAY OF GRAVITATIONAL AND ELECTROMAGNETIC FORCES. THIS ARTICLE AIMS TO
EXPLORE, IN COMPREHENSIVE DETAIL, WHAT CHARGE (BOTH IN MAGNITUDE AND SIGN) A
PARTICLE OF THIS MASS MUST HAVE TO REMAIN PERFECTLY STATIONARY, ANALYZING
THE PHYSICAL PRINCIPLES, EQUATIONS, AND CONDITIONS INVOLVED.

FUNDAMENTAL PRINCIPLES UNDERPINNING THE PARTICLE’S STATIONARY
STATE

BEFORE DELVING INTO THE CALCULATIONS , IT IS ESSENTIAL TO UNDERSTAND THE
FUNDAMENTAL FORCES AT PLAY WHEN CONSIDERING A CHARGED PARTICLE IN AN
ELECTROMAGNETIC FIELD.

1. GRAVITATIONAL FORCE

EVERY MASS EXPERIENCES A FORCE DUE TO GRAVITY, WHICH ON EARTH MANIFESTS AS
ITS WEIGHT:

\[F_e=mac\]

WHERE:

-\(M\) IS THE MASS OF THE PARTICLE,

-\( G \) IS THE ACCELERATION DUE TO GRAVITY (~9.81 M/s2).



FOR OUR PARTICLE:

\[ M= 1.44\, \text{c} = 1.44 \1imes 10*{-3}\, \Text{kc} \]

THus:

\[F_c =(1.44 \1imes 10"{-3}\, \texT{ke}) \TiMes 9.8 1\, \TexT{M/5}"2
\approx 1.414 \TiMes 10°{-2}\, \TexT{N} \]

ELECTROMAGNETIC FORCES AND THEIR ROLE IN STATIONARITY

THE ELECTROMAGNETIC FORCES THAT CAN COUNTERACT GRAVITY ARE PRIMARILY THE
LORENTZ FORCE , WHICH COMBINES ELECTRIC AND MAGNETIC EFFECTS.

2. THe LorenTz FOrRCE EQUATION

THE ToTAL ELECTROMAGNETIC FORCE \( \VEC{F}_E \) ON A PARTICLE WITH CHARGE
\(Q\), Mmoving wiTH veLociTy \( \vec{v} \), INn eLecTric \( \vec{E} \) anD
MAGNETIC \( \vec{B} \) FiELDS Is:

\[ \vec{F} e=q (\vec{E} + \vec{v} \TiMes \vec{B}) \]

FOR THE PARTICLE TO BE STATIONARY, ITS NET FORCE MUST BE ZERO:
\[ \vec{F} {neT} = \vec{F} G+ \vec{F} e=0\]

SINCE GRAVITY ACTS DOWNWARD , THE ELECTROMAGNETIC FORCE MUST BALANCE THIS
EXACTLY.

CONDITIONS FOR THE PARTICLE TO REMAIN STATIONARY

ACHIEVING A STATIONARY STATE INVOLVES BALANCING GRAVITATIONAL AND
ELECTROMAGNETIC FORCES. THIS BALANCE DEPENDS ON THE CONFIGURATION OF THE
ELECTRIC AND MAGNETIC FIELDS, THE SIGN OF THE CHARGE, AND THE PARTICLE'S



POTENTIAL VELOCITY.

3. Cast 1: No MAGNETIC FiELb, ONLY ELECTRIC FIELD

SUPPOSE THE ENVIRONMENT CONTAINS ONLY A UNIFORM ELECTRIC FIELD \( \vec{E} \),
ORIENTED VERTICALLY. TO KEEP THE PARTICLE STATIONARY, THE ELECTRIC FORCE MUST
OPPOSE GRAVITY:

\[ @ \vec{E} =-mc \HAT{Y]} \]

-IF\(@>0\), THen \( \vec{E} \) MUST BE DIRECTED DOWNWARD.
-IF\(@<0\), THen \( \vec{E} \) MUST BE DIRECTED UPWARD.

THE MAGNITUDE OF THE CHARGE IS THEN:
\[ lal = \rrac{F_G}E} = \rrac{1.414 \TiMes 10°{-2}\, \TexT{N}}{E} \]

IMPLICATION:

- THE ELECTRIC FIELD MUST BE SUFFICIENTLY STRONG IN THE APPROPRIATE DIRECTION
TO BALANCE THE WEIGHT.

- THe sIGN ofF \( Q \) DEPENDS ON THE ELECTRIC FIELD DIRECTION.

4. CASE 2: PRESENCE OF MAGNETIC FIELD AND PARTICLE VELOCITY

IF THE PARTICLE IS MOVING WITH VELOCITY \( \vec{v} \), MAGNETIC FIELDS coME
INTO PLAY.

- FOR THE PARTICLE TO BE STATIONARY, THE MAGNETIC COMPONENT OF THE LORENTZ
FORCE MUST ALSO CONTRIBUTE TO BALANCING GRAVITY:
\[ @ \ert( \vec{E} + \vec{v} \TiMes \vec{B} \riGHT) = - MG \HAT{Y} \]

IN MANY PRACTICAL SCENARIOS , A MAGNETIC FIELD ALONE CANNOT PRODUCE A FORCE
COMPONENT IN THE VERTICAL DIRECTION UNLESS THE PARTICLE HAS A NON-ZERO
VELOCITY COMPONENT PERPENDICULAR TO THE MAGNETIC FIELD.

NoTe: For siMpLICITY, AsSUME \( \vec{E} = 0 \), AND THE MAGNETIC FIELD \(
\vec{B} \) Is DIRECTED HORIZONTALLY, SAY ALONG THE \( X \)-AxIs.



THEN, THE MAGNETIC FORCE BECOMES:
\[ \vec{F} B=q \vec{v} \1imMes \vec{B} \]

CHoosINg \( \vec{v} \) perPenpicuLAR TO \( \VvEC{B] \) ENSURES A FORCE
PERPENDICULAR TO BOTH.

NUMERICAL CALCULATIONS AND SIGNIFICANCE oF CHARGE MAGNITUDE

LET'S ANALYZE SPECIFIC SCENARIOS TO DETERMINE THE CHARGE MAGNITUDE AND SIGN
NEEDED.

5. ScenArIo: ELECTRIC FIELD ONLY

Supposk AN ELECTRIC FIELD \( E'\) oF 1000 V/M DIRECTED DOWNWARD.

- ELECTRIC FORCE MAGNITUDE:

\[F_e=qE\]
- TO BALANCE GRAVITY:
\[QE=mc\]

\[ @ = \rrac{M c}{E} = \rrAac{1.414 \TiMes 10"*{-2}}{ 1000} = 1.414 \TiMes
10°{-6}\, \text{C} \]

Siecnor \(Q \):

- SINCE THE FORCE MUST OPPOSE GRAVITY (WHICH ACTS DOWNWARD), IF \(E \) Is
DOWNWARD (POSITIVE DIRECTION), THEN:

-For\(Q>0\):
\[ \vec{F}_e \TexT{ POINTS DOWNWARD, REINFORCING GRAVITY} \]
- NOT HELPFUL; THE PARTICLE WOULD ACCELERATE DOWNW ARD.

-For\(@<0\):
\[ \vec{F} e \TexT{ PoiNTs uPwARD} \]



- EXACTLY CANCELS GRAVITY IF MAGNITUDE MATCHES.
CONCLUSION:

- TO KEEP THE PARTICLE STATIONARY IN A DOWNWARD ELECTRIC FIELD oF 1000 V/m,
THE PARTICLE MUST CARRY A NEGATIVE CHARGE OF APPROXIMATELY \( 1.414 \TiMes

10°{-5} \, \text{C} \).

6. SCENARIO: MAGNETIC FIELD WITH PARTICLE MOVING

Suppost A MAGNETIC FIELD \( B = 1\, \TexT{T} \) IS APPLIED HORIZONTALLY ALONG
THE \( X \)-AXIS, AND THE PARTICLE MOVES WITH VELOCITY \( v \) ALoNG THE \( ¥
\)-Axis.

- MAGNETIC FORCE:

\[F_B=qvVvB\]
- To BALANCE GRAVITY:

\[qvB=mac\]
\[ @ v = \rrac{M G}{B} \arPProOX \FrRAC{1.414 \TiMes 10*{-2}}{1}=1.414
\TiMes 10°{-2}\, \TexT{C} \cooT \TexT{M/s} \]

IF THE PARTICLE IS MOVING AT \( v = 1\, \TexT{m/s} \):
\[ @ =\rrAc{1.4714 \TiMes 107{-2}}{ 1} = 1.414 \Times 10*{-2}\, \TexT{C} \]

SienoF \( @ \):

- THE MAGNETIC FORCE WILL BE:

\[ \vec{F}_B = @ \vec{v} \Tives \vec{B} \]

-For \( v \) aLonG \( ¥ \) ano \( B \) aLonG \( x \), \( \vec{v} \Times \vec{B}

\) poiNTs aLonG THE \( z \)-Aaxis.

- To PRODUCE A VERTICAL (UP\X/ARD OR DO\X/N\X/ARD) FORCE, MORE COMPLEX
ARRANGEMENTS ARE NEEDED, SUCH AS COMBINING ELECTRIC AND MAGNETIC FIELDS OR



ADJUSTING THE DIRECTIONS.

IN PRACTICE , MAGNETIC FIELDS ALONE CANNOT PRODUCE A VERTICAL FORCE UNLESS THE
PARTICLE HAS AN APPROPRIATE VELOCITY VECTOR OR ADDITIONAL ELECTRIC FIELDS ARE
INVOLVED.

PrACTICAL CONSIDERATIONS AND REAL-\W/ ORLD IMPLICATIONS

THE THEORETICAL CALCULATIONS PROVIDE INSIGHT INTO THE CONDITIONS REQUIRED
FOR A PARTICLE TO REMAIN STATIONARY, BUT REAL-WORLD APPLICATIONS INTRODUCE
COMPLEXITIES.

7. CONSTRAINTS ON CHARGE MAGNITUDE AND SIGN

- THE MAGNITUDE OF CHARGE NECESSARY TO COUNTERACT GRAVITY DEPENDS
INVERSELY ON THE FIELD STRENGTH. EXTREMELY HIGH ELECTRIC FIELDS (ON THE ORDER OF
\( 10”6 \) V/M) ARE CHALLENGING TO SUSTAIN WITHOUT DIELECTRIC BREAKDOWN.

- THE SIGN OF THE CHARGE DETERMINES THE DIRECTION OF THE FORCE RELATIVE TO THE
FIELD. FOR BALANCING DOWNWARD GRAVITY:

- NEGATIVE CHARGE IN A DOWNWARD ELECTRIC FIELD , OR

- POSITIVE CHARGE IN AN UPWARD ELECTRIC FIELD.

8. STABILITY OF THE STATIONARY CONDITION

ACHIEVING A FINE BALANCE IS ONE THING, MAINTAINING IT IS ANOTHER. SMALL
PERTURBATIONS CAN CAUSE THE PARTICLE TO DRIFT:

- VARIATIONS IN FIELD STRENGTH
- EXTERNAL DISTURBANCES
- PARTICLE CHARGE FLUCTUATIONS



THEREFORE , IN PRACTICAL SCENARIOS, ADDITIONAL STABILIZATION MECHANISMS MIGHT
BE NECESSARY, SUCH AS ELECTROMAGNETIC TRAPS (E.G. , PENNING OR PAUL TRAPS).

Q. RoLE ofF PARTICLE Size AND MATERIAL

- THE PARTICLE'S PHYSICAL PROPERTIES INFLUENCE HOW IT INTERACTS WITH FIELDS:
- DIELECTRIC PROPERTIES

- SURFACE CHARGE ACCUMULATION

- POSSIBLE POLARIZATION EFFECTS

CoNCLUDING REMARKS: THE SIGN AND MAGNITUDE OF

WHAT MusT THE CHARGE SIGN AND MAGNITUDE OF A PARTICLE OFMass 144 G
Be For IT To REMAIN STATIONARY
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