A SToNE Is TieD To A STRING AND WHIRLED IN A VERTICAL
CircLE AT A RADIUS. WHICH OF THE FoLLowING CANNOT

A STone Is Tiepb To A STRING AND WHIRLED IN A VEerTICAL CIRcLE AT A RADIUS. WHICH OF THE FoLLowING CANNOT BE
ACHIEVED OR EXPLAINED THROUGH THE PRINCIPLES OF PHYSICS? THIS QUESTION OFTEN ARISES IN PHYSICS CLASSES AND
COMPETITIVE EXAMS TO EVALUATE UNDERSTANDING OF CIRCULAR MOTION, TENSION, GRAVITY, AND ENERGY CONSERVATION. IN
THIS COMPREHENSIVE ARTICLE, WE WILL EXPLORE THE PHYSICS BEHIND VERTICAL CIRCULAR MOTION, ANALYZE WHAT CAN AND
CANNOT HAPPEN IN SUCH A SETUP, AND CLARIFY COMMON MISCONCEPTIONS. BY THE END OF THIS ARTICLE, YOU'LL HAVE A
CLEAR UNDERSTANDING OF THE FACTORS THAT INFLUENCE THE MOTION OF A STONE TIED TO A STRING AND WHIRLED IN A
VERTICAL CIRCLE.

UNDERSTANDING VERTICAL CIRCULAR MOTION

BAsic ConcepTs ofF CIRCULAR MoTION

CIRCULAR MOTION OCCURS WHEN AN OBJECT MOVES ALONG A CIRCULAR PATH. T CAN BE UNIFORM, WHERE THE SPEED REMAINS
CONSTANT, OR NON-UNIFORM, WHERE THE SPEED VARIES. THE KEY ASPECTS OF CIRCULAR MOTION INCLUDE:

- RaDIUS (R)Z THE FIXED DISTANCE FROM THE CENTER OF THE CIRCLE TO THE MOVING OBJECT.

- ANGULAR VELOCITY (Q)Z THE RATE AT WHICH THE OBJECT MOVES AROUND THE CIRCLE.

- TANGENTIAL VELOCITY (V)Z THE LINEAR SPEED ALONG THE CIRCULAR PATH, RELATED TO ANGULAR VELOCITY BY V = RAN.
- CENTRIPETAL FORCE: THE INWARD FORCE THAT KEEPS THE OBJECT MOVING IN A CIRCLE, DIRECTED TOWARDS THE CENTER.

IN THE CASE OF A STONE TIED TO A STRING AND WHIRLED IN A VERTICAL CIRCLE, THE MOTION IS NON-UNIFORM BECAUSE THE
VELOCITY VARIES AT DIFFERENT POINTS OF THE CIRCLE.

VERTICAL CIRCULAR MOTION SPECIFICS

IN VERTICAL CIRCULAR MOTION, GRAVITY PLAYS A SIGNIFICANT ROLE. THE TENSION IN THE STRING MUST BALANCE BOTH THE
CENTRIPETAL FORCE AND THE COMPONENT OF GRAVITATIONAL FORCE ACTING ALONG THE RADIUS. THE MOTION HAS DISTINCT
POINTS!

- TOP OF THE CIRCLE: THE STONE IS AT THE HIGHEST POINT.
- BOTTOM OF THE CIRCLE: THE STONE IS AT THE LOWEST POINT.

- INTERMEDIATE POINTS: POSITIONS BETWEEN THE TOP AND BOTTOM.

THE KEY CHALLENGE IS UNDERSTANDING HOW TENSION AND GRAVITATIONAL FORCES VARY AT THESE POINTS AND HOW THEY
INFLUENCE THE MOTION.

FORCES ACTING ON THE STONE IN VERTICAL CIRCULAR MOTION



AT THE BoTTOM OF THE CIRCLE

- GRAVITY: ACTS DOWNWARD, TOWARDS THE CENTER OF EARTH.

- TENSION IN THE STRING: ACTS UP\WARD, TOWARDS THE CENTER OF THE CIRCLE.

- CENTRIPETAL FORCE REQUIREMENT: THE TENSION MUST BE SUFFICIENT TO PROVIDE THE NECESSARY INWARD FORCE TO KEEP THE
STONE MOVING IN A CIRCLE.

THE NET INWARD FORCE (CENTRIPETAL FORCE) AT THE BOTTOM IS:
\[ T_{soTTOM} - MG = \rrRAC{MV"2_{BoTTOM}}R]} \]

WHERE:

-\(T_{BoTTOM} \) = TENSION AT THE BOTTOM,

-\(M\) = MASS OF THE STONE,

-\( G \) = ACCELERATION DUE TO GRAVITY,
-\(v_{soTTOM} \) = VELOCITY AT THE BOTTOM.

AT THE Top ofF THE CIRCLE

- GRAVITY: ACTS DOWNW ARD.
- TENSION: ALSO ACTS DOWNWARD (TO\X/ARDS THE CENTER AT THE TOP).
- CENTRIPETAL FORCE: PROVIDED BY TENSION PLUS GRAVITY.

THE FORCE BALANCE AT THE TOP:
\[ T_{ror} + Mc = \rrac{Mv"2_{Tor}}{r} \]
WHERE:

-\( T_{ror} \) = TENSION AT THE TOP,
-\(v_{70opP}\) = VELOCITY AT THE TOP.

IT’S IMPORTANT TO NOTE THAT TENSION CAN BE ZERO AT THE TOP IF THE VELOCITY IS JUST SUFFICIENT TO KEEP THE STONE
MOVING IN A CIRCLE.

ANALYSIS oF WHAT CANNOT OcCUR IN VERTICAL CIRCULAR MOTION

UNDERSTANDING THE CONSTRAINTS OF PHYSICAL FORCES ALLOWS US TO IDENTIFY WHAT SITUATIONS ARE IMPOSSIBLE OR
PHYSICALLY INCONSISTENT.

1. THE TensION BECOMES NEGATIVE

- EXPLANATION: TENSION CANNOT BE NEGATIVE BECAUSE IT IS A PULLING FORCE, IT CANNOT PUSH.

- IMPLICATION: THE TENSION IN THE STRING AT ANY POINT MUST BE ZERO OR POSITIVE.

= WHY IT CANNOT: IF CALCULATIONS YIELD A NEGATIVE TENSION, IT INDICATES THAT THE STONE CANNOT MAINTAIN THE
CIRCULAR MOTION AT THAT POINT WITH THE GIVEN PARAMETERS (MASS, RADIUS, INITIAL SPEED). THE STONE WOULD THEN LOSE
CONTACT WITH THE STRING, BREAKING THE CIRCULAR PATH.



2. THE VELocCITY AT THE ToP Is Less THAN A CrITICAL VALUE

- CRITICAL VELOCITY AT THE TOP: THE MINIMUM VELOCITY NECESSARY TO KEEP THE STRING TAUT, WHICH OCCURS WHEN
TENSION IS ZERO.
- CALCULATION:

\[ v_{Tor\ MmN} = \sqrT{c r} \]

= WHY IT CANNOT: |F THE VELOCITY AT THE TOP IS LESS THAN THIS, TENSION BECOMES NEGATIVE OR ZERO, MEANING THE
STRING WOULD SLACK, AND THE CIRCULAR MOTION CANNOT BE SUSTAINED.

3. THe TeNSION AT THE ToP Is ZErRo BUT THE SPEED IS INSUFFICIENT

- SCENARIO: FOR THE STRING TO JUST REMAIN TAUT AT THE TOP, THE VELOCITY MUST BE AT LEAST \( \s@rT{G &} \).
- IMPOSSIBLE SITUATION: IF THE STONE'S SPEED AT THE TOP IS LESS THAN THIS, IT WILL LOSE CONTACT WITH THE STRING, AND
THE MOTION WILL NO LONGER BE CIRCULAR.

4. THE SToNeE MoVEs IN A PATH THAT's NoT CIRCULAR

- EXPLANATION: THE INITIAL CONDITIONS AND FORCES MUST BE SUCH THAT THE MOTION REMAINS CIRCULAR.
- IMPOSSIBLE IF: EXTERNAL FORCES ARE APPLIED THAT SIGNIFICANTLY ALTER THE TRAJECTORY OR IF THE TENSION CANNOT
SUSTAIN THE NECESSARY CENTRIPETAL FORCE.

5. THE TensioN Exceeps PHYsICAL LiMITS

- SCENARIO: FOR EXTREMELY HIGH SPEEDS, TENSION CAN BECOME VERY LARGE.

- PHYSICAL CONSTRAINT: THE STRING MUST WITHSTAND THE TENSION WITHOUT BREAKING.

- IMPOSSIBLE SITUATIONS: |F CALCULATIONS SUGGEST TENSION EXCEEDS THE STRING'S MAXIMUM TENSILE STRENGTH, THEN SUCH
A MOTION CANNOT BE PHYSICALLY REALIZED.

ConbITIONS FOrR SuccessruL VERTICAL CIRCULAR MOTION

TO UNDERSTAND WHAT CAN OCCUR, IT'S ESSENTIAL TO RECOGNIZE THE CONDITIONS UNDER WHICH THE STONE MAINTAINS
CIRCULAR MOTION:

INITIAL SPEED REQUIREMENTS

- THE INITIAL VELOCITY AT THE BOTTOM MUST BE SUFFICIENT TO ENSURE THE VELOCITY AT THE TOP IS AT LEAST \( \SQRT{G

R} .

- THIS IS DERIVED FROM ENERGY CONSERVATION PRINCIPLES.

ENeRGY CONSERVATION



THE TOTAL MECHANICAL ENERGY AT THE BOTTOM AND TOP (IGNORING AIR RESISTANCE) CAN BE EQUATED:
\[ \rrac{1}{2} M Vv_{soTTOM}"2 = \FRAC{1}{2} MV _{TOP}"'2 + 2MGRr ]

REARRANGED TO FIND THE MINIMUM INITIAL VELOCITY AT THE BOTTOM:

\[ v_{soTToM\ MIN} = \sqrT{5 G r} \]

THIS MINIMUM SPEED ENSURES THE STONE REACHES THE ToP WITH EXACTLY \( \sQrT{G R} \) VELOCITY, MAINTAINING TENSION.

MAXIMUM SPEeD CONSTRAINTS

- THE TENSION AT THE BOTTOM INCREASES WITH THE SQUARE OF THE VELOCITY.
- EXCESSIVELY HIGH SPEEDS CAN CAUSE THE STRING TO BREAK UNLESS IT IS DESIGNED TO WITHSTAND SUCH TENSION.

ReAL-\W ORLD APPLICATIONS AND EXPERIMENTS

UNDERSTANDING THE PHYSICS OF VERTICAL CIRCULAR MOTION IS CRUCIAL IN VARIOUS FIELDS, INCLUDING ENGINEERING,
AMUSEMENT PARK RIDES, AND PHYSICS EXPERIMENTS.

AMUSEMENT PARK RIDES

- MANY RIDES INVOLVE CARS OR CARTS MOVING IN VERTICAL CIRCLES.
- ENGINEERS MUST CALCULATE THE MINIMUM SPEEDS TO ENSURE SAFETY AND COMFORT.
- TENSION FORCES ARE MANAGED BY DESIGNING ROBUST SUPPORT STRUCTURES.

PHYSICS DEMONSTRATIONS

- LABORATORY EXPERIMENTS OFTEN INVOLVE WHIRLING A STONE OR A MASS ON A STRING.
- THEY VISUALLY DEMONSTRATE PRINCIPLES LIKE ENERGY CONSERVATION, TENSION, AND THE EFFECTS OF GRAVITY.

SPORTS AND ENGINEERING

- ATHLETES PERFORM CIRCULAR MOTIONS (E.G./ FIGURE SKATING, GYMNASTICS).
- ENGINEERS DESIGN ROTATING MACHINERY CONSIDERING FORCES INVOLVED IN CIRCULAR MOTION.

SUMMARY AND KEY T AKEAWAYS

- THE MOTION OF A STONE TIED TO A STRING AND WHIRLED IN A VERTICAL CIRCLE INVOLVES BALANCING GRAVITATIONAL
FORCES, TENSION, AND CENTRIPETAL FORCE.

- TENSION IS ALWAYS NON-NEGATIVE; NEGATIVE TENSION (PUSHING FORCE) IS PHYSICALLY IMPOSSIBLE.

- THE MINIMUM VELOCITY AT THE ToP OF THE CIRCLE IS \( \SQrRT{G R} \) TO KEEP TENSION POSITIVE; BELOW THIS, THE STONE



CANNOT SUSTAIN CIRCULAR MOTION.

- THE INITIAL SPEED MUST BE SUFFICIENTLY HIGH TO REACH THE TOP WITH THE REQUIRED VELOCITY.

- EXCESSIVELY HIGH SPEEDS CAN CAUSE THE TENSION TO EXCEED THE STRING'S STRENGTH, LEADING TO BREAKAGE.

- EXTERNAL FACTORS SUCH AS AIR RESISTANCE AND STRING ELASTICITY ALSO INFLUENCE REAL-WORLD MOTION BUT ARE OFTEN
NEGLECTED IN IDEAL PHYSICS PROBLEMS.

FINAL THOUGHTS

(UNDERSTANDING THE CONSTRAINTS AND FORCES IN VERTICAL CIRCULAR MOTION CLARIFIES WHAT CAN AND CANNOT HAPPEN
DURING SUCH MOTION. RECOGNIZING THAT TENSION CANNOT BE NEGATIVE AND THAT THE INITIAL CONDITIONS ARE CRITICAL
HELPS IN SOLVING PHYSICS PROBLEMS ACCURATELY. \WHETHER DESIGNING AMUSEMENT PARK RIDES OR CONDUCTING PHYSICS
EXPERIMENTS, THESE PRINCIPLES ARE FUNDAMENTAL TO ENSURING SAFE AND REALISTIC MOTION.

IF YOU ENCOUNTER A PROBLEM SUCH AS, “A STONE IS TIED TO A STRING AND WHIRLED IN A VERTICAL CIRCLE AT A RADIUS.
\WHICH OF THE FOLLOWING CANNOT HAPPEN?” REMEMBER TO ANALYZE THE FORCES INVOLVED, APPLY ENERGY CONSERVATION,
AND CHECK THE FEASIBILITY OF THE TENSION AND VELOCITY VALUES. THIS APPROACH PROVIDES CLARITY AND ENSURES SOUND
REASONING GROUNDED IN PHYSICS PRINCIPLES.

REFERENCES:

- FUNDAMENTALS OF PHYSICS BY DAVID HALLIDAY, ROBERT RESNICK, AND JEARL W/ ALKER
- PHYSICS FOR SCIENTISTS AND ENGINEERS BY RAYMOND A. SERWAY AND JOHN W. JEWETT
- ONLINE PHYSICS RESOURCES AND EDUCATIONAL WEBSITES LIKE KHAN ACADEMY AND HYPERPHYSICS

FREQUENTLY ASkeD QUESTIONS

\WHAT IS THE PRIMARY FACTOR DETERMINING THE TENSION IN THE STRING WHEN WHIRLING
A STONE IN A VERTICAL CIRCLE?

THE TENSION DEPENDS ON THE SPEED OF THE STONE, THE RADIUS OF THE CIRCLE, AND THE POSITION OF THE STONE IN THE
VERTICAL PATH, ESPECIALLY BALANCING THE GRAVITATIONAL FORCE.

\WHY CAN'T THE TENSION IN THE STRING BE ZERO AT THE TOP OF THE VERTICAL CIRCLE
WHILE WHIRLING A STONE?

BECAUSE AT THE TOP, THE TENSION MUST AT LEAST COUNTERACT THE WEIGHT OF THE STONE TO KEEP IT MOVING IN A
CIRCULAR PATH; ZERO TENSION WOULD MEAN THE STONE IS JUST ABOUT TO LOSE CONTACT, WHICH IS NOT SUSTAINABLE
DURING CONTINUOUS WHIRLING.

\WHICH FACTORS INFLUENCE THE MAXIMUM SPEED AT WHICH A STONE CAN BE WHIRLED IN
A VERTICAL CIRCLE WITHOUT THE STRING SLACKENING?

THE MAXIMUM SPEED DEPENDS ON THE LENGTH OF THE STRING, THE MASS OF THE STONE, AND THE GRAVITATIONAL
ACCELERATION, AS THESE DETERMINE THE MINIMUM TENSION NEEDED AT THE TOP OF THE CIRCLE.



CAN THE STONE BE WHIRLED IN A VERTICAL CIRCLE AT ANY RADIUS? W/ HY OR WHY
NOT?

NO, BECAUSE IF THE RADIUS IS TOO SMALL OR THE SPEED TOO LOW, THE TENSION AT THE TOP MAY BECOME ZERO OR NEGATIVE,
CAUSING THE STONE TO LOSE CONTACT WITH THE STRING.

\WHICH OF THE FOLLOWING CANNOT BE TRUE WHEN WHIRLING A STONE IN A VERTICAL
CIRCLE: THE TENSION IS ZERO AT THE TOP, THE TENSION IS MAXIMUM AT THE BOTTOM,
OR THE STRING BREAKS AT ANY POINT?

THE TENSION BEING ZERO AT THE TOP CANNOT BE SUSTAINED DURING CONTINUOUS WHIRLING BECAUSE IT IMPLIES THE STONE IS
ON THE VERGE OF LOSING CONTACT, WHICH IS PHYSICALLY IMPOSSIBLE DURING STEADY MOTION.

HoWw DOES INCREASING THE SPEED OF THE STONE AFFECT THE TENSION IN THE STRING AT
DIFFERENT POINTS IN THE VERTICAL CIRCLE?

INCREASING THE SPEED INCREASES THE TENSION AT ALL POINTS, ESPECIALLY AT THE BOTTOM WHERE THE TENSION IS MAXIMUM,
AND CAN PREVENT THE TENSION FROM DROPPING TO ZERO AT THE TOP.

\WHAT IS THE SIGNIFICANCE OF THE MINIMUM SPEED REQUIRED AT THE TOP OF THE
CIRCLE?

[T ENSURES THAT THE TENSION IN THE STRING REMAINS ZERO OR POSITIVE, PREVENTING THE STONE FROM LOSING CONTACT WITH
THE STRING DURING THE WHIRLING MOTION.

\WHICH SCENARIO DEMONSTRATES A SITUATION THAT CANNOT OCCUR WHEN WHIRLING
A STONE IN A VERTICAL CIRCLE?

A SITUATION WHERE THE TENSION IN THE STRING IS NEGATIVE AT THE TOP OF THE CIRCLE, INDICATING THE STONE WOULD BE
PULLING AWAY FROM THE STRING, WHICH CANNOT HAPPEN DURING STEADY MOTION.

WHY IS IT IMPOSSIBLE TO WHIRL A STONE IN A VERTICAL CIRCLE WITH A RADIUS
LARGER THAN A CERTAIN LIMIT AT A GIVEN SPEED?

BECAUSE BEYOND A CERTAIN RADIUS, THE REQUIRED SPEED TO MAINTAIN TENSION BECOMES UNATTAINABLY HIGH, MAKING IT
IMPOSSIBLE TO KEEP THE TENSION POSITIVE AT ALL POINTS IN THE CIRCLE.

ADDITIONAL RESOURCES

A STONE IS TIED TO A STRING AND WHIRLED IN A VERTICAL CIRCLE AT A RADIUS—THIS CLASSIC PHYSICS SCENARIO OFFERS A
RICH GROUND FOR EXPLORING THE PRINCIPLES OF CIRCULAR MOTION, ENERGY CONSERVATION, AND THE FORCES AT PLAY.
\WHETHER YOU'RE A STUDENT PREPARING FOR EXAMS, AN EDUCATOR DESIGNING DEMONSTRATIONS, OR SIMPLY A PHYSICS
ENTHUSIAST, UNDERSTANDING THE INTRICACIES OF THIS PROBLEM DEEPENS YOUR GRASP OF FUNDAMENTAL MECHANICS. IN THIS
GUIDE, WE WILL DISSECT THE PROBLEM THOROUGHLY, ANALYZE WHAT CANNOT OCCUR IN SUCH A SYSTEM, AND CLARIFY
COMMON MISCONCEPTIONS.

UNDERSTANDING THE SCENARIO

IMAGINE A STONE ATTACHED TO A STRING OF FIXED LENGTH (RADIUS) BEING SWUNG IN A VERTICAL CIRCLE. THE MOTION
INVOLVES SEVERAL PHYSICAL CONCEPTS:



- CeNTRIPETAL FORCE: THE INWARD FORCE REQUIRED TO KEEP THE STONE MOVING IN A CIRCLE.

- TENSION IN THE STRING: THE FORCE EXERTED BY THE STRING ON THE STONE, WHICH VARIES THROUGHOUT THE MOTION.
- GRAVITATIONAL FORCE: THE WEIGHT OF THE STONE ACTING DOWNW ARD.

- ENerGY CONSERVATION: THE INTERPLAY BETWEEN POTENTIAL AND KINETIC ENERGY AS THE STONE MOVES ALONG THE
VERTICAL PATH.

THE KEY TO ANALYZING SUCH A PROBLEM LIES IN UNDERSTANDING HOW THESE FORCES BALANCE AND HOW THE ENERGY
TRANSFORMS AS THE STONE MOVES THROUGH DIFFERENT POINTS IN ITS CIRCULAR PATH.

BreAKING DowN THE MoTIoN IN A VERTICAL CIRCLE

PosiTions IN THE VERTICAL CIRCLE

THE MOTION CAN BE SEGMENTED INTO KEY POINTS:

- TOP OF THE CIRCLE: THE STONE IS AT THE HIGHEST POINT.

- BOTTOM OF THE CIRCLE: THE STONE IS AT THE LOWEST POINT.

- INTERMEDIATE POINTS: POSITIONS BETWEEN THE TOP AND BOTTOM.
IMPORTANT V ARIABLES

- Rapius (R): DISTANCE FROM THE CENTER OF THE CIRCLE TO THE STONE.

- MASS OF THE STONE (M)I INFLUENCES THE FORCES INVOLVED.
- SPEED AT VARIOUS POINTS (V)Z V ARIES DEPENDING ON POSITION AND ENERGY.

FORCES ACTING ON THE STONE
AT ANY POINT DURING THE MOTION, THE FORCES ARE:

- Tension (T): ACTS ALONG THE STRING, DIRECTED TOWARD THE CENTER.
- GRAVITY (MG): ACTS DOWNWARD, CONSTANT THROUGHOUT THE MOTION.

THE NET INWARD FORCE (CENTRIPETAL FORCE) IS PROVIDED BY THE SUM OF TENSION AND COMPONENT OF GRAVITY, DEPENDING
ON THE POSITION.

ENerGY CONSIDERATIONS

ASSUMING NO AIR RESISTANCE OR OTHER DISSIPATIVE FORCES, MECHANICAL ENERGY REMAINS CONSERVED:
\[ \TexT{PoTenTIAL EnerGY (PE)} + \TexT{KiNeTIC ENErGY (KE)} = \TEXT{CoNSTANT} \]
CHOOSING THE LOWEST POINT AS ZERO POTENTIAL ENERGY, THE POTENTIAL ENERGY AT HEIGHT \(H \) Is:
\[ PE = MGH \]

AND KINETIC ENERGY:

\[ KE = \rrac{ TH2IMv"2\]

THIS CONSERVATION ALLOWS US TO DETERMINE THE VELOCITY AT DIFFERENT POINTS:

\[\FRAC{TH{2IMV"2 + MGH = \TeExT{consTANT]} \]



WHAT CAN ACTUALLY OCCUR?

GIVEN THE PHYSICAL PRINCIPLES, CERTAIN BEHAVIORS ARE POSSIBLE, WHILE OTHERS ARE IMPOSSIBLE DUE TO CONSTRAINTS SUCH
AS TENSION BECOMING NEGATIVE (\X/HICH CANNOT HAPPEN PHYSICALLY) OR THE STONE LOSING CONTACT WITH THE STRING.

CoMMON VALID SCENARIOS

- THE TENSION IS GREATEST AT THE BOTTOM OF THE CIRCLE.

- THE TENSION CAN BECOME ZERO AT THE TOP IF THE STONE JUST MAINTAINS CONTACT.

- THE SPEED AT THE TOP IS LESS THAN AT THE BOTTOM, AS ENERGY CONVERTS BETWEEN POTENTIAL AND KINETIC.
- THE STONE CAN COMPLETE THE CIRCLE IF INITIAL CONDITIONS (LIKE INITIAL SPEED) ARE SUFFICIENT.

\WHICH oF THE FoLLowING CANNOT OCCUR?

IN TYPICAL MULTIPLE-CHOICE QUESTIONS, OPTIONS ARE PRESENTED DESCRIBING DIFFERENT BEHAVIORS OR STATES OF THE STONE
DURING ITS MOTION. THE QUESTION OFTEN ASKS: “\W/HICH OF THE FOLLOWING CANNOT OCCUR?”

EXAMPLES OF OPTIONS THAT CANNOT OCCUR INCLUDE:

- THE TENSION IN THE STRING IS NEGATIVE AT ANY POINT.

- THE STONE HAS ZERO VELOCITY AT ANY POINT IN THE MOTION (UNLESS IT IS LOSING CONTACT).
- THE STONE MOVES IN A CIRCLE WITH RADIUS LARGER THAN THE INITIAL RADIUS.

- THE TENSION IS GREATER THAN THE WEIGHT OF THE STONE AT THE TOP OF THE CIRCLE.

- THE STONE IS AT REST AT THE TOP OF THE CIRCLE BUT NOT IN CONTACT WITH THE STRING.

LET'S ANALYZE THESE SCENARIOS:

IN-DEPTH ANALYSIS OF IMPOSSIBLE SITUATIONS
1. NEGATIVE TENSION IN THE STRING

WHY IT CANNOT OCCUR:

TENSION IS A CONTACT FORCE EXERTED BY THE STRING ON THE STONE. |T CANNOT BE NEGATIVE BECAUSE THE STRING CANNOT
PULL IN THE OPPOSITE DIRECTION—IT’S DESIGNED TO EXERT A PULLING FORCE, NOT A PUSHING FORCE. WHEN THE TENSION
WOULD NEED TO BE NEGATIVE (FOR EXAMPLE, AT THE TOP OF THE CIRCLE IF THE REQUIRED INWARD FORCE EXCEEDS THE
AVAILABLE INWARD COMPONENT ), THE STONE WOULD LOSE CONTACT WITH THE STRING. ESSENTIALLY, NEGATIVE TENSION
SIGNIFIES DETACHMENT, WHICH IS PHYSICALLY IMPOSSIBLE IN THE CONTEXT OF THE STRING RETAINING CONTACT.

CONCLUSION:
NEGATIVE TENSION CANNOT OCCUR IF THE STRING REMAINS TAUT AND THE STONE STAYS IN CONTACT.

2. Zero VELOCITY AT ANY PoINT (\W/ITHOUT DETACHMENT)

WHY IT CANNOT OCCUR:

IN A FRICTIONLESS SYSTEM, THE STONE'S VELOCITY DROPS AS IT ASCENDS TO HIGHER POINTS DUE TO ENERGY CONSERVATION.
AT THE VERY TOP, THE VELOCITY MAY BE MINIMAL BUT STILL POSITIVE IF THE STONE CONTINUES TO STAY IN CONTACT. IF THE
STONE REACHES ZERO VELOCITY EXACTLY AT A POINT IN THE MOTION, IT MUST MOMENTARILY BE AT REST. HOWEVER, UNLESS
IT IS AT THE TOP AND JUST ABOUT TO LOSE CONTACT, THE STONE CANNOT BE EXACTLY AT REST IN MID-MOTION WITHOUT
DETACHMENT.

SPECIAL NOTE:



IF THE STONE DOES REACH ZERO VELOCITY AT THE TOP, THEN TENSION MUST BE ZERO, MEANING IT JUST MAINTAINS CONTACT
BEFORE LOSING IT. SOI ZERO VELOCITY AT THE TOP IS POSSIBLE, BUT ANYWHERE ELSE IN THE PATH, NOT.

CONCLUSION:
ZERO VELOCITY AT A POINT IN THE MIDDLE OF THE CIRCLE WITHOUT DETACHMENT IS IMPOSSIBLE.

3. MoVING IN A CIRCLE WITH A RADIUS LARGER THAN THE INITIAL RADIUS
\WHY IT CANNOT OCCUR:
THE RADIUS OF THE CIRCLE IS FIXED BY THE LENGTH OF THE STRING. THE STONE CANNOT SUDDENLY MOVE IN A CIRCLE OF LARGER

RADIUS UNLESS THE STRING LENGTH CHANGES, WHICH CONTRADICTS THE PROBLEM STATEMENT.

CONCLUSION:
THE RADIUS OF THE CIRCLE CANNOT CHANGE DURING THE MOTION.

4. TensloN GREATER THAN THE WEIGHT AT THE Top

WHY IT CANNOT OCCUR:

AT THE TOP, THE TENSION IN THE STRING PLUS THE COMPONENT OF GRAVITY MUST PROVIDE THE NECESSARY CENTRIPETAL
FORCE:

\[ T + mc = \rrac{Mv"2}{r} \]

SINCE GRAVITY (MG) ACTS DOWNWARD, THE TENSION T CAN BE GREATER THAN, EQUAL TO, OR LESS THAN MG DEPENDING ON
THE SPEED. BUT TENSION CANNOT BE LESS THAN ZERO, AND PHYSICALLY, IT CAN BE GREATER THAN MG IF THE SPEED IS
SUFFICIENTLY HIGH, SO THERE'S NO PROBLEM WITH T > MG AT THE TOP.

HO\X/EVER, IF THE TENSION WAS LESS THAN ZERO, THAT'S IMPOSSIBLE, BUT T > MG IS PLAUSIBLE.

CONCLUSION:
TENSION CAN BE GREATER, EQUAL, OR LESS THAN MG THE IMPOSSIBLE SCENARIO WOULD BE NEGATIVE TENSION.

5. THe SToNE Is AT ResT AT THE Top BUT NoT IN CONTACT

WHY IT CANNOT OCCUR:

IF THE STONE IS AT REST AT THE TOP (ZERO VELOCITY), UNLESS IT IS ABOUT TO DETACH, THE TENSION WOULD HAVE TO BE
ZERO FOR THE STONE TO STAY IN CONTACT WITHOUT MOVING. BUT IF THE STONE IS “AT REST” (ZERO VELOCITY) AT THE TOP
AND STILL IN CONTACT, THEN THE FORCES ARE BALANCED:

\[T+mMc=01\]

WHICH IMPLIES TENSION IS NEGATIVE, IMPOSSIBLE FOR A TENSION FORCE. THEREFORE, THE STONE CANNOT BE AT REST AT THE
TOP WHILE STILL IN CONTACT UNLESS THE TENSION IS ZERO, INDICATING JUST ABOUT TO LOSE CONTACT.

CONCLUSION:
THE STONE CANNOT BE AT REST AT THE TOP WHILE STILL MAINTAINING CONTACT UNLESS IT IS ABOUT TO LOSE CONTACT.

SUMMARIZING THE KEY PoOINT: WHAT CANNOT HAPPEN?

THE MOST DEFINITIVE IMPOSSIBLE SCENARIO IN THE CONTEXT OF A STONE TIED TO A STRING WHIRLED IN A VERTICAL CIRCLE IS:



THE TENSION IN THE STRING BECOMING NEGATIVE WHILE THE STONE REMAINS IN CONTACT.

THIS IS PHYSICALLY IMPOSSIBLE BECAUSE THE STRING CANNOT EXERT A PUSHING FORCE. W/HEN THE TENSION APPROACHES ZERO,
THE STONE IS ON THE VERGE OF LOSING CONTACT—IF IT DROPS BELOW ZERO, CONTACT IS LOST, AND THE MOTION BECOMES
DISCONNECTED FROM CIRCULAR PATH CONSTRAINTS.

PrRACTICAL IMPLICATIONS AND REAL-\W/ ORLD EXAMPLES

- AMUSEMENT PARK RIDES: ENGINEERS DESIGN SWINGS AND RIDES ENSURING TENSION REMAINS POSITIVE THROUGHOUT THE
MOTION.

- PHYSICS EXPERIMENTS: DEMONSTRATE THAT AT THE TOP OF THE LOOP, THE MINIMAL VELOCITY REQUIRED KEEPS TENSION NON-
NEGATIVE.

- SPORTS: ATHLETES SWINGING A BALL ON A STRING MUST MAINTAIN SUFFICIENT SPEED TO AVOID DETACHMENT AT THE TOP.

FINAL THOUGHTS

UNDERSTANDING WHICH BEHAVIORS ARE PHYSICALLY POSSIBLE OR IMPOSSIBLE IN A VERTICAL CIRCULAR MOTION SCENARIO
HINGES ON GRASPING THE INTERPLAY BETWEEN FORCES, ENERGY CONSERVATION, AND THE CONSTRAINTS OF THE SYSTEM.
RECOGNIZING THAT NEGATIVE TENSION CANNOT OCCUR IF THE STRING REMAINS TAUT IS CRUCIAL, AS IS UNDERSTANDING THE
CONDITIONS UNDER WHICH THE STONE CAN OR CANNOT BE AT REST MID-MOTION.

THIS DETAILED EXAMINATION NOT ONLY CLARIFIES THE SPECIFIC QUESTION OF WHAT CANNOT HAPPEN BUT ALSO DEEPENS YOUR
OVERALL COMPREHENSION OF CIRCULAR MOTION PHYSICS, AIDING IN ANALYSIS, PROBLEM-SOLVING, AND PRACTICAL
APPLICATIONS.

IN SUMMARY:

- THE TENSION IN THE STRING CANNOT BE NEGATIVE WHILE THE STRING IS TAUT.

- THE STONE CANNOT BE AT REST AT ANY POINT IN THE CIRCLE WITHOUT LOSING CONTACT UNLESS IT IS AT THE TOP WITH
ZERO TENSION.

- THE RADIUS OF THE CIRCLE IS FIXED BY THE STRING LENGTH AND CANNOT CHANGE DURING THE MOTION.

- THE STONE CANNOT MOVE IN A CIRCLE OF LARGER

A Stone Is Tied To A String And Whirled In A Vertical Circle At
A Radius Which Of The Following Cannot

A Stone Is Tied To A String And Whirled In A Vertical Circle At A Radius Which Of The Following
Cannot

Related Articles

e A Stone Weight 490 N On A Planet Whose Acceleration Due To Gravity Is Half That Of The
Earth. Calculate

e Assume The Assumptions Of The CAPM, With E(rm)=[m]%, SDm=[s]% And The Rf-=[f]%.If
You Have A Stock That

e An Athletic Track Is Given In The Figure. The Two Straight Parts Are 80 M Long. The Total
Length Of The



https://sip.evo9x.com/ma29/a-stone-is-tied-to-a-string-and-whirled-in-a-vertical-circle-at-a-radius-which-of-the-following-cannot.pdf
https://sip.evo9x.com/ma29/a-stone-is-tied-to-a-string-and-whirled-in-a-vertical-circle-at-a-radius-which-of-the-following-cannot.pdf
https://sip.evo9x.com/ma29/a-stone-weight-490-n-on-a-planet-whose-acceleration-due-to-gravity-is-half-that-of-the-earth-calculate.pdf
https://sip.evo9x.com/ma29/a-stone-weight-490-n-on-a-planet-whose-acceleration-due-to-gravity-is-half-that-of-the-earth-calculate.pdf
https://sip.evo9x.com/ma29/assume-the-assumptions-of-the-capm-with-e-rm-m-sdm-s-and-the-rf-f-if-you-have-a-stock-that.pdf
https://sip.evo9x.com/ma29/assume-the-assumptions-of-the-capm-with-e-rm-m-sdm-s-and-the-rf-f-if-you-have-a-stock-that.pdf
https://sip.evo9x.com/ma29/an-athletic-track-is-given-in-the-figure-the-two-straight-parts-are-80-m-long-the-total-length-of-the.pdf
https://sip.evo9x.com/ma29/an-athletic-track-is-given-in-the-figure-the-two-straight-parts-are-80-m-long-the-total-length-of-the.pdf

Back to Home


https://sip.evo9x.com

