A 4 KG BALL SwINGS IN A VERTICAL CIRCLE ON THE Enp OF
AN 60-CM-LONG STRING. THE TENSION IN THE STRING

A 4 KG BALL SwiNgs IN A VerTICAL CIrRcLE ON THe END OF AN 60-cM-LONG STRING. THE TENSION IN THE STRING
UNDERSTANDING THE DYNAMICS OF OBJECTS MOVING IN CIRCULAR PATHS IS FUNDAMENTAL IN PHYSICS, ESPECIALLY IN CLASSICAL
MECHANICS. W/HEN A BALL OF MASS 4 KG SWINGS IN A VERTICAL CIRCLE ATTACHED TO A STRING OF LENGTH 60 CM, THE
TENSION IN THE STRING VARIES AT DIFFERENT POINTS ALONG THE PATH. ANALYZING THIS SCENARIO INVOLVES CONCEPTS SUCH
AS CENTRIPETAL FORCE, GRAVITATIONAL FORCE, AND THE CONSERVATION OF ENERGY. THIS COMPREHENSIVE GUIDE AIMS TO

ELUCIDATE THE FACTORS AFFECTING THE TENSION IN THE STRING DURING THE SWINGING MOTION, THE CALCULATIONS INVOLVED,
AND THE PHYSICS PRINCIPLES AT PLAY.

OverVIEW OF VERTICAL CIRCULAR MOTION

WHAT Is VErTICAL CIRCULAR MOTION?

VERTICAL CIRCULAR MOTION REFERS TO THE MOVEMENT OF AN OBJECT ALONG A CIRCULAR PATH IN A VERTICAL PLANE. UNLIKE
HORIZONTAL CIRCULAR MOTION, WHERE THE SPEED MIGHT BE CONSTANT, VERTICAL CIRCULAR MOTION INVOLVES CHANGES IN
VELOCITY AND ACCELERATION DUE TO GRAVITY. THE OBJECT EXPERIENCES VARYING TENSION IN THE STRING OR SUPPORT AT
DIFFERENT POINTS IN THE CIRCLE.

Key COMPONENTS OF THE SYSTEM

THE SYSTEM UNDER CONSIDERATION INCLUDES:
e BALL OF MASS, M = 4 kG
® STRING LENGTH, L =60cmM=0.6 ™M

2
o GRAVITATIONAL ACCELERATION, G = 9.8 M/s

UNDERSTANDING THESE COMPONENTS HELPS IN CALCULATING FORCES, VELOCITIES, AND TENSIONS AT VARIOUS POSITIONS IN THE
SWING.

FORCES ACTING ON THE BALL DURING SWINGING

AT ANY PosiITION IN THE CIRCLE

THE PRIMARY FORCES ACTING ON THE BALL ARE:
1. GRAVITATIONAL FORCE (WEIGHT): ACTS VERTICALLY DOWNWARD, MAGNITUDE = M G

2. TensioN IN THE STRING (T): ACTS ALONG THE STRING TOWARD THE CENTER OF THE CIRCLE



THE NET FORCE DIRECTED TOWARD THE CENTER OF THE CIRCLE IS THE CENTRIPETAL FORCE, WHICH KEEPS THE BALL MOVING IN A
CIRCULAR PATH.

AT DIFFERENT PoINTS IN THE CIRCLE

- AT THE BoTTOM oF THE CIRCLE:

- TENSION IS AT ITS MAXIMUM BECAUSE IT MUST SUPPORT THE WEIGHT PLUS PROVIDE THE CENTRIPETAL FORCE.
- AT THE TopP oF THE CIRCLE:

- TENSION IS AT ITS MINIMUM BECAUSE GRAVITY CONTRIBUTES TO THE CENTRIPETAL FORCE.

UNDERSTANDING THE VARIATION OF TENSION AT THESE POINTS IS CRUCIAL FOR ANALYZING THE SWINGING MOTION.

CALCULATING VELOCITY AT DIFFERENT PoOSITIONS

ENERGY CoONSERVATION IN VERTICAL CIRCULAR MOTION

SINCE NO EXTERNAL NON-CONSERVATIVE FORCES (LIKE AIR RESISTANCE) ARE CONSIDERED, THE TOTAL MECHANICAL ENERGY
REMAINS CONSTANT DURING THE SWING:

Potential Energy (PE) + Kinetic Energy (KE) = Constant

THE POTENTIAL ENERGY DEPENDS ON THE HEIGHT OF THE BALL RELATIVE TO A REFERENCE POINT, USUALLY THE LOWEST POINT
OF THE CIRCLE.

DETERMINING THE SPEED AT SPECIFIC POINTS

- AT THE Top of THE CIRCLE:

- HeigHT, HTop = 2 L (SINCE DIAMETER = 2 L)
- AT THE BoTToM oF THe CIRCLE:

- HeiGHT, HBoTTOM = O (REFERENCE POINT)

SUPPOSE THE BALL IS RELEASED FROM A CERTAIN HEIGHT OR GIVEN INITIAL CONDITIONS, WE CAN CALCULATE ITS SPEED AT
VARIOUS POINTS USING ENERGY CONSERVATION:

\l

\TexT{INITIAL POTENTIAL ENERGY } = \TEXT{KINETIC ENERGY AT A POINT} + \TEXT{POTENTIAL ENERGY AT THAT POINT}

\]

CALCULATING TENSION AT DIFFERENT POINTS

GENERAL FORMULA FOR TENSION

THE TENSION IN THE STRING AT ANY POINT CAN BE CALCULATED BY ANALYZING THE FORCES TOWARD THE CENTER OF THE
CIRCLE:



\[
T =m\rrac{v"2}{r} - MG \cos \THETA

\]

WHERE:
- \(V\) Is THE VELOCITY AT THAT POINT,

- \(r = L\) (LENGTH OF THE STRING),

- \(\THETA\) IS THE ANGLE BETWEEN THE VERTICAL AND THE RADIUS AT THE POINT OF INTEREST.

ALTERNATIVELY, CONSIDERING THE FORCES:

\[

T = \TexT{CenTrIPETAL Force} + \TEXT{ COMPONENT OF WEIGHT ALONG THE RADIUS }

\]

WHICH SIMPLIFIES TO:

\[
T =\rrac{m v 2L} \PMM G \cos \THETA

\]

THE SIGN DEPENDS ON THE POSITION IN THE CIRCLE: AT THE BOTTOM, TENSION SUPPORTS THE WEIGHT AND PROVIDES
CENTRIPETAL FORCE;, AT THE TOP, GRAVITY ASSISTS IN PROVIDING THE CENTRIPETAL FORCE.

CALCULATING TENSION AT THE BoTTOM OF THE CIRCLE

- STer 1: DETERMINE VELOCITY AT THE BOTTOM, \(V_{BOTTOM}\), USING ENERGY CONSERVATION.
- STeP 2: CALCULATE TENSION:

\[
T {soTToM} = \rrac{M v_{BoTTOM}"2}{L} + MG

ExaMPLE CALCULATION:

SUPPOSE THE BALL IS RELEASED FROM A HEIGHT \(H_{RELEASE}\). IF RELEASED FROM REST:

\l

PE_{iInTIAL} =M G H_{RELEASE}

\]

AT THE BOTTOM:

\[
KE {soTToM} = \rrac{1}{2} M v_{sOTTOM}"2

\]

USING ENERGY CONSERVATION:

\[
MG H_{reLease} = \rrac{13}{2} M v_{BoTTOM}"2
\]
\[

v_{soTToM} = \sQrT{2 G H_{RrELEASE}}

\]

PLUG INTO THE TENSION FORMULA TO FIND \(T_{BoTTOM}\).



CALCULATING TensION AT THE Top oF THE CIRCLE

- STep 1: DeTERMINE VELOCITY AT THE ToP, \(V_{ToP}\), USING ENERGY CONSERVATION.
- STep 2: CALCULATE TENSION:

\[
T {top}=\rrac{M v_{T0P}"2HL}-Mac
\]

NoOTE: WHEN THE VELOCITY AT THE TOP IS JUST SUFFICIENT TO MAINTAIN CIRCULAR MOTION, TENSION MAY BE ZERO OR VERY
SMALL, INDICATING THE BALL IS ON THE VERGE OF LOSING CONTACT WITH THE STRING.

SAMPLE CALCULATIONS AND SCENARIOS

SCENARIO 1: BALL RELEASED FROM REST AT A HEIGHT

SUPPOSE THE BALL IS RELEASED FROM A HEIGHT \(H = 1\, \TexT{M}\) ABOVE THE LOWEST POINT.

- CALCULATE VELOCITY AT THE BOTTOM:

\[

v_{oTToM} = \sQrT{2 G H} = \sQrT{2 \TiMes 9.8 \TiMes 1} \apPrOX \sQRT{19.6} \apPrOX 4.43\ \TexT{M/S}

\]

- CALCULATE TENSION AT THE BOTTOM:

\[
T_{sotToM} = \rrac{M v_{BoTTOM}"2}{L} + M G = \rrRAC{4 \TiMes (4.43)"2}{0.6} + 4 \TiMes 9.8

\]

\[
T _{soTToM} = \rrRAc{4 \TiMes 19.63{0.6} + 39.2 \aprrox \FrAc{78.43}{0.6} + 39.2 \aprrox 130.67 + 39.2
\approx 169.87\, \TexT{N}

\]

- CALCULATE VELOCITY AT THE TOP:

\[

v_{Topr} =\s@rT{2 ¢ (H- 2L)} = \sQrT{2 \TiMes 9.8 \TiMes (1 - 1.2)}
\]

SiNce \(H - 2L = -0.4\) M, WHICH IS NEGATIVE, THE BALL CANNOT REACH THE TOP WITH THIS INITIAL HEIGHT. TO REACH THE
TOP, INITIAL HEIGHT MUST BE GREATER THAN \(L\).

SceNARIO 2: ADEQUATE INITIAL HEIGHT To CoMpLETE FuLL CIRCLE

FOR THE BALL TO JUST REACH THE TOP OF THE CIRCLE, THE MINIMUM INITIAL HEIGHT:

\[
Ho{min} = 2L = 1.2\, \text{m}
\]



- VELOCITY AT THE TOP:

\[

v_{Tor} =0\, \texT{m/s}

\]

- TENSION AT THE TOP:

\[

T_{tor} =\rrac{mMv_{ToP}*2}{L}-MGc=0-4 \TiMes 9.8 =-39.2\, \texT{N}
\]

NEGATIVE TENSION INDICATES THAT THE TENSION IS ZERO; THE STRING IS SLACK, AND THE BALL JUST MAINTAINS CONTACT AT
THE TOP.

IUNDERSTANDING TENSION VARIATIONS AND CRITICAL POINTS

MAXIMUM TENSION AT THE BoTTOM

- OCCURS WHEN THE BALL HAS MAXIMUM SPEED.
- TENSION IS HIGHEST BECAUSE IT MUST SUPPORT THE WEIGHT AND PROVIDE THE NECESSARY CENTRIPETAL FORCE.

MINIMUM TENSION AT THE ToOP

- \WHEN THE BALL’S SPEED IS JUST ENOUGH TO STAY IN CONTACT, TENSION APPROACHES ZERO.
- |F THE BALL MOVES FASTER THAN THIS MINIMUM VELOCITY, TENSION INCREASES AGAIN.

IMPLICATIONS FOR SAFETY AND DESIGN

- TENSION VALUES DICTATE THE STRENGTH REQUIREMENTS FOR THE STRING.
- ENSURING THE STRING CAN WITHSTAND MAXIMUM TENSION AT THE BOTTOM IS CRUCIAL FOR SAFETY.
- THE DESIGN MUST ACCOUNT FOR MAXIMUM POSSIBLE

FREQUENTLY AskeD QUESTIONS

\WHAT IS THE MAIN FACTOR AFFECTING THE TENSION IN THE STRING WHEN A 4 KG BALL
SWINGS IN A VERTICAL CIRCLE?

THE MAIN FACTORS ARE THE GRAVITATIONAL FORCE ACTING ON THE BALL AND THE CENTRIPETAL FORCE REQUIRED TO KEEP IT
MOVING IN A CIRCLE, WHICH TOGETHER DETERMINE THE TENSION IN THE STRING AT VARIOUS POINTS IN THE SWING.

How DOES THE TENSION IN THE STRING VARY AT THE LOWEST AND HIGHEST POINTS OF
THE SWING?

THE TENSION IS GREATEST AT THE LOWEST POINT DUE TO THE COMBINED EFFECT OF GRAVITY AND THE CENTRIPETAL FORCE, AND
IT IS LEAST (BUT STILL POSITIVE) AT THE HIGHEST POINT, WHERE GRAVITY PARTIALLY PROVIDES THE NECESSARY CENTRIPETAL
FORCE.



\WHAT IS THE TENSION IN THE STRING WHEN THE BALL IS AT THE BOTTOM OF THE SWING
IF IT IS RELEASED FROM A CERTAIN HEIGHT?

THE TENSION CAN BE CALCULATED USING THE SUM OF THE GRAVITATIONAL FORCE AND THE CENTRIPETAL FORCE AT THE
BOTTOM: T = MG + (MV2)/R, WHERE V IS THE VELOCITY AT THE BOTTOM, WHICH CAN BE FOUND FROM ENERGY CONSERVATION
PRINCIPLES.

How CAN CONSERVATION OF ENERGY BE USED TO DETERMINE THE TENSION IN THE STRING
AT DIFFERENT POINTS?

BY EQUATING POTENTIAL ENERGY AT THE STARTING HEIGHT WITH KINETIC AND POTENTIAL ENERGY AT OTHER POINTS, YOU CAN
FIND THE VELOCITY AT THOSE POINTS, WHICH THEN ALLOWS CALCULATION OF THE CENTRIPETAL FORCE AND TENSION.

\WHAT IS THE MINIMUM INITIAL HEIGHT REQUIRED FOR THE BALL TO COMPLETE A FULL
VERTICAL CIRCLE WITHOUT THE STRING GOING SLACK?

THE INITIAL HEIGHT MUST BE SUFFICIENT SO THAT THE BALL HAS ENOUGH KINETIC ENERGY AT THE TOP OF THE CIRCLE TO
MAINTAIN TENSION GREATER THAN ZERO; TYPICALLY, THE INITIAL HEIGHT SHOULD BE AT LEAST THE RADIUS ABOVE THE LOWEST
POINT, ACCOUNTING FOR ENERGY NEEDED TO REACH THE TOP WITH SOME VELOCITY.

How DOES THE LENGTH OF THE STRING (60 CM) INFLUENCE THE TENSION EXPERIENCED
BY THE BALL?

THE LENGTH DETERMINES THE RADIUS OF THE CIRCLE, AFFECTING THE VELOCITY NEEDED FOR CIRCULAR MOTION AND,
CONSEQUENTLY, THE TENSION IN THE STRING AT VARIOUS POINTS; A LONGER STRING REQUIRES DIFFERENT VELOCITIES TO
MAINTAIN THE SAME TENSION.

\WHAT SAFETY CONSIDERATIONS SHOULD BE TAKEN INTO ACCOUNT WHEN ANALYZING
OR PERFORMING SUCH A SWINGING EXPERIMENT?

ENSURE THE STRING AND SUPPORT ARE STRONG ENOUGH TO WITHSTAND THE TENSION, KEEP A SAFE DISTANCE DURING THE
SWING, CHECK FOR SECURE ATTACHMENT POINTS, AND AVOID SWINGING IN CROWDED OR UNSTABLE ENVIRONMENTS TO PREVENT
ACCIDENTS.

ADDITIONAL RESOURCES

A 4 KG BALL SwinGs IN A VERTICAL CIRCLE ON THe END OF AN 60-CM-LONG STRING. THE TENSION IN THE STRING

INTRODUCTION

IN THE REALM OF CLASSICAL MECHANICS, THE MOTION OF OBJECTS IN CIRCULAR PATHS OFFERS PROFOUND INSIGHTS INTO THE
INTERPLAY OF FORCES, ENERGY, AND MOTION. AMONG THESE PHENOMENA, THE SWINGING OF A MASS ATTACHED TO A STRING IN A
VERTICAL CIRCLE STANDS OUT AS A FUNDAMENTAL YET INTRIGUING EXAMPLE, ILLUSTRATING THE PRINCIPLES OF CENTRIPETAL
FORCE, GRAVITY, AND TENSION. W/HEN A 4 KG BALL SWINGS ON A 6O-CENTIMETER-LONG STRING, UNDERSTANDING THE TENSION
IN THE STRING AT VARIOUS POINTS OF THE SWING BECOMES ESSENTIAL NOT ONLY FOR PHYSICS STUDENTS BUT ALSO FOR
ENGINEERS AND EDUCATORS AIMING TO ELUCIDATE THE DYNAMICS OF ROTATIONAL MOTION. THIS ARTICLE DELVES INTO THE
DETAILED ANALYSIS OF THE TENSION IN SUCH A SYSTEM, EXAMINING THE PHYSICS INVOLVED, THE KEY FACTORS INFLUENCING
TENSION, AND THE BROADER IMPLICATIONS OF THIS SEEMINGLY SIMPLE SETUP.



THE PHYSICAL SETUP AND BAsic PRrINCIPLES
DESCRIBING THE SYSTEM

THE SYSTEM UNDER CONSIDERATION CONSISTS OF A MASSIVE BALL (MASS \('M = 4\ \MATHRM{kG} \)) ATTACHED TO A
MASSLESS, INEXTENSIBLE STRING (LENGTH \( L = 0.6\, \MATHRM{M} \)). THE BALL IS SWUNG IN A VERTICAL CIRCLE, MEANING
IT MOVES IN A PLANE PERPENDICULAR TO THE GROUND, WITH THE STRING FIXED AT A PIVOT POINT. THE MOTION CAN BE
INITIATED MANUALLY OR VIA MECHANICAL MEANS, AND THE GOAL IS TO ANALYZE THE TENSION IN THE STRING AT VARIOUS
POINTS ALONG THE SWING.

FUNDAMENTAL FORCES AT PLAY

1. GRavITY (\( MG \)): AcTs bownwArD, WITH MAGNITUDE \( 4\, \MATHRM{kG} \TIMES 9.8\, \MATHRM{M/S"2} = 39.2\,
\MATHRM{NT \).

2. TensioN (\( T \)): THE FORCE EXERTED BY THE STRING ON THE BALL, DIRECTED ALONG THE STRING TOWARD THE PIVOT
POINT.

3. CENTRIPETAL FORCE: THE NET INWARD FORCE REQUIRED TO KEEP THE BALL MOVING IN A CIRCULAR PATH, PROVIDED BY THE
COMBINATION OF TENSION AND GRAVITY.

UNDERSTANDING THE VARIATION OF TENSION REQUIRES ANALYZING THE MOTION AT DIFFERENT POINTS: THE BOTTOM, TOP, AND
INTERMEDIATE POSITIONS OF THE SWING.

ANALYZING THE MoTION: KEY PosITIoNS AND ENERGY CONSIDERATIONS
ENErGY CONSERVATION IN VERTICAL CIRCULAR MOTION

THE SWING'S MOTION IS GOVERNED BY THE CONSERVATION OF MECHANICAL ENERGY, ASSUMING NEGLIGIBLE AIR RESISTANCE AND
FRICTION:

\l

\TexT{ToTAL MecHANICAL ENerGY } = \TEXT{PoTENTIAL EnerGY]} + \TEXT{KINETIC ENERGY }

\]
AT DIFFERENT POINTS:

- BOTTOM OF THE CIRCLE: THE BALL HAS MAXIMUM KINETIC ENERGY AND MINIMUM POTENTIAL ENERGY.
- TOP OF THE CIRCLE: THE BALL HAS MAXIMUM POTENTIAL ENERGY AND MINIMUM KINETIC ENERGY.

SUPPOSE THE BALL IS RELEASED FROM THE LOWEST POINT WITH SOME INITIAL SPEED \( V_O \) |TS SPEED AT ANY POINT
DEPENDS ON THE INITIAL CONDITIONS AND THE HEIGHT DIFFERENCE.

POTENTIAL ENERGY REFERENCE
SeT THE POTENTIAL ENERGY \( U = 0 \) AT THE LOWEST POINT OF THE SWING. THEN:

- AT THe Top: \( U_{T0opP} = 2L \TiMes G \) (SINCE HEIGHT DIFFERENCE FROM THE BoTToM Is \( 2L \))
- AT A GENERAL POINT: HEIGHT DEPENDS ON THE ANGLE \( \THETA \) FROM THE VERTICAL.

CALCULATING SPeeDs AT KeY PosiTIoNs

\[

\TexT{AT THe BoTTOM}:\QuAD KE_{BOoTTOM} = \FRAC{ 1}H{2} M v_{BOTTOM}"?2
\]

\[

U {goTTomM} =0

\]



\[

\TexT{AT THe Tor}:\QuAD KE_{T0oP} = \rrAc{1}{2} M Vv_{TOP}"2
\]

\[

U {tor}=2Lc

\]

APPLYING CONSERVATION OF ENERGY:

\[
\rrAC{1}{2} M Vv_{soTTOM}"2 = \FRAC{1}{2} MV _{TOP}"2+ 2L ¢
\]

|F THE INITIAL VELOCITY AT THE BOTTOM IS KNOWN, THE VELOCITY AT THE TOP CAN BE DETERMINED, WHICH IS CRUCIAL FOR
TENSION CALCULATIONS.

CALCULATING TENSION: KEY FACTORS AND FORMULAS
TENSION AT DIFFERENT POINTS

THE TENSION IN THE STRING VARIES DEPENDING ON THE POSITION DUE TO THE DIFFERENT CONTRIBUTIONS OF GRAVITY AND THE
REQUIRED CENTRIPETAL FORCE:

\[

T = \TexT{CenTrIPETAL ForCE} - \TEXT{COMPONENT OF WEIGHT ALONG THE RADIUS}
\]

- AT THE BOTTOM OF THE SWING:

\[

T _{soTToM} = \rrAac{M v_{BoTTOM}"2}{L} + MG

\]

- AT THE TOP OF THE SWING:

\[
T {1or} = \rrac{m v_{ToP}"2}{L} - MG
\]

NOTE THAT AT THE TOP, GRAVITY ACTS DOWNWARD ALONG WITH THE TENSION, BOTH CONTRIBUTING TO THE INWARD
(CENTRIPETAL) FORCE REQUIREMENT. THEREFORE, THE TENSION MUST BE SUFFICIENTLY LARGE TO PROVIDE THE CENTRIPETAL
ACCELERATION!:

\[
T {1or} = \rrac{m v_{T0P}"2}{L} - MG
\]

SIMILARLY, AT THE BOTTOM!

\[

T _{soTToM} = \rrAac{M v_{BoTTOM}"2}{L} + MG
\]

CriTicAL CONDITIONS FOR TENSION

- THE TENSION CANNOT BE NEGATIVE, PHYSICALLY, IT IMPLIES THE STRING MUST EXERT AN INWARD FORCE—IF THE
CALCULATION YIELDS A NEGATIVE VALUE, IT INDICATES THE BALL WOULD DETACH OR THE INITIAL CONDITIONS NEED



RECONSIDERATION.
- THE MINIMUM TENSION OCCURS AT THE TOP, AND THE MAXIMUM TENSION AT THE BOTTOM.

DeTAILED CALCULATIONS: AN ILLUSTRATIVE EXAMPLE

SUPPOSE THE BALL IS RELEASED FROM REST AT A HEIGHT WHERE THE INITIAL POTENTIAL ENERGY 1S \( U_{inTIAaL} \). For
SIMPLICITY, ASSUME IT'S RELEASED FROM THE TOP OF THE CIRCLE (INITIAL POTENTIAL ENERGY MAXIMUM) WITH ZERO INITIAL
VELOCITY:

\[
U {NnTiaL}=2Lc

\]

AS IT SWINGS DOWNWARD, IT GAINS KINETIC ENERGY, REACHING MAXIMUM SPEED AT THE BOTTOM:

\[

\rrAc{1}{2} M Vv_{soTTOM}"2 =U_{iNnTIAL}

\]

\[

v_{soTToM} = \sQrT{2 G \TiMes 2L} = \sqrT{4 G L}
\]

PLUGGING IN VALUES:

\[

v_{sotTom} = \srT{4 \TiMes 9.8\, \MATHRM{M/S" 2} \TiMeS 0.6\, \MATHRM{M}} \APPrROX \SsQRT{23.52} \APPrROX
4.85\, \MATHRM{M/S}
\]

AT THE BOTTOM:

\[

T {soTtToM} = \rrAac{mM v_{BoTTOM}"2}{L} + MG

\

T_{sotToM} = \FrAc{4\, \MATHRM{KkG} \TiMES (4.85)"2}{0.6\, \MATHRM{M}} + 39.2\, \MATHRM{N}
\]

\[

T_{soTToM} = \rrAC{4 \TiMes 23.52}{0.6} + 39.2 = \rrac{94.08}{0.6} + 39.2 \apPrOX 156.8 + 39.2 = 196\,
\MATHRM{N}

\]

SIMILARLY, AT THE TOP:

\[

v_{Tor} =0\, \MaTHRM{M/s} \QUAD (\TEXT{IF RELEASED FROM REST AT THE TOP})

\]

BUT IF THE BALL HAS SOME INITIAL VELOCITY, THE CALCULATION ADJUSTS ACCORDINGLY. For SIMPLICITY, ASSUMING ZERO
INITIAL VELOCITY AT THE TOP:

\[
T _{71opr} = \rrAac{M v_{T0P}"2HL} - MG = -39.2\, \MATHRM{N}
\]

WHICH IS PHYSICALLY IMPOSSIBLE, INDICATING THAT WITHOUT INITIAL ENERGY, THE BALL CANNOT SUSTAIN MOTION IN THE
CIRCLE; IT WOULD FALL.



ALTERNATIVELY, IF THE BALL IS RELEASED WITH ENOUGH INITIAL VELOCITY AT THE BOTTOM TO JUST COMPLETE THE CIRCLE,
THE TENSION AT THE TOP BECOMES:

\[

v_{Tor} = \sqrT{c L} \ApPrOX \sQrT{9.8 \TiMes 0.6} \aprrox 2.43\, \MATHRM{M/S}
\]

AND TENSION:

\[

T _{71opr} = \rrAac{4 \TiMes (2.43)"2}{0.6} - 39.2 \approx \rrac{4 \TiMes 5.93{0.6} - 39.2 \apPrOX
\rrRAC{23.6}{0.6} - 39.2 \apPrOX 39.33 - 39.2 \apPrOX 0.13\, \MATHRM{N}
\]

THIS MINIMAL TENSION INDICATES THAT AT THIS CRITICAL VELOCITY, THE TENSION IS JUST ABOUT ZERO AT THE TOP, MEANING
THE STRING IS ALMOST SLACK.

FACTORS INFLUENCING TENSION
(UNDERSTANDING THE TENSION'S BEHAVIOR REQUIRES CONSIDERING MULTIPLE FACTORS:

1. INITIAL RELEASE HEIGHT AND VELOCITY: THE HIGHER THE INITIAL RELEASE POINT, THE GREATER THE KINETIC ENERGY AT THE
BOTTOM, LEADING TO HIGHER TENSION VALUES AT THE BOTTOM OF THE SWING.

2. STRING LENGTH: LONGER STRINGS REDUCE THE CENTRIPETAL ACCELERATION FOR A GIVEN SPEED, AFFECTING THE TENSION.

3. MASS oF THE BALL: HEAVIER MASSES REQUIRE GREATER FORCE TO MAINTAIN THE SAME SPEED, INFLUENCING TENSION
CALCULATIONS.

4. SWING SPEED: THE INITIAL AND RESULTANT VELOCITIES DIRECTLY IMPACT THE TENSION AT DIFFERENT POINTS.

5. EXTERNAL INFLUENCES: AIR RESISTANCE AND FRICTION AT THE PIVOT CAN DISSIPATE ENERGY, SLIGHTLY ALTERING TENSION
DYNAMICS.

A 4 Kg Ball Swings In A Vertical Circle On The End Of An 60
Cm Long String The Tension In The String

A 4 Kg Ball Swings In A Vertical Circle On The End Of An 60 Cm Long String The Tension In The
String

Related Articles

o What Will Be The Current Through A 400m L.ong Copper Wire, 2 Mm In Diameter, That
Accidently Connects

e Write The Embedded C Programming For Chocolate Vending Machine With The Help Of PIC
Microcontroller?

e With Microfinance, The Mechanism Of Is A Way To Avoid The Problem Of Imperfect
Information.

Back to Home


https://sip.evo9x.com/ma16/a-4-kg-ball-swings-in-a-vertical-circle-on-the-end-of-an-60-cm-long-string-the-tension-in-the-string.pdf
https://sip.evo9x.com/ma16/a-4-kg-ball-swings-in-a-vertical-circle-on-the-end-of-an-60-cm-long-string-the-tension-in-the-string.pdf
https://sip.evo9x.com/ma16/what-will-be-the-current-through-a-400m-long-copper-wire-2-mm-in-diameter-that-accidently-connects.pdf
https://sip.evo9x.com/ma16/what-will-be-the-current-through-a-400m-long-copper-wire-2-mm-in-diameter-that-accidently-connects.pdf
https://sip.evo9x.com/ma16/write-the-embedded-c-programming-for-chocolate-vending-machine-with-the-help-of-pic-microcontroller.pdf
https://sip.evo9x.com/ma16/write-the-embedded-c-programming-for-chocolate-vending-machine-with-the-help-of-pic-microcontroller.pdf
https://sip.evo9x.com/ma16/with-microfinance-the-mechanism-of-is-a-way-to-avoid-the-problem-of-imperfect-information.pdf
https://sip.evo9x.com/ma16/with-microfinance-the-mechanism-of-is-a-way-to-avoid-the-problem-of-imperfect-information.pdf
https://sip.evo9x.com

