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(UNDERSTANDING THE BEHAVIOR OF POINTS ON A ROTATING SOLID DISK IS FUNDAMENTAL IN PHYSICS AND ENGINEERING. W/HEN A
SOLID DISK OF RADIUS R ROTATES AT A CONSTANT ANGULAR VELOCITY, EACH POINT ON THE DISK EXPERIENCES MOTION
CHARACTERIZED BY BOTH LINEAR AND ANGULAR COMPONENTS. THE QUESTION OF WHICH POINT ON THE DISK HAS THE GREATEST
VELOCITY OR ACCELERATION DEPENDS ON THE SPECIFIC PROPERTY BEING EXAMINED—BE IT LINEAR SPEED, TANGENTIAL
ACCELERATION, OR OTHER KINEMATIC QUANTITIES. THIS ARTICLE EXPLORES THE DYNAMICS OF POINTS ON A ROTATING SOLID
DISK, ANALYZING HOW THEIR POSITIONS RELATIVE TO THE CENTER INFLUENCE THEIR VELOCITIES AND ACCELERATIONS, AND
ULTIMATELY DETERMINING WHICH POINTS EXHIBIT THE GREATEST MAGNITUDE OF THESE QUANTITIES.

BAsics oF ROTATION: ANGULAR VELOCITY AND LINEAR VELOCITY

ANGULAR VELocITY (n)

ANGULAR VELOCITY, DENOTED BY N, DESCRIBES HOW FAST AN OBJECT ROTATES AROUND A FIXED AXIS. FOR A DISK ROTATING
AT A CONSTANT RATE, N2 REMAINS UNCHANGED. [T IS MEASURED IN RADIANS PER SECOND (RAD/S) AND DEFINES THE RATE OF
CHANGE OF THE ANGULAR DISPLACEMENT OVER TIME.

LinearR (T ANGENTIAL) VeLocITY (v)

ANY POINT ON THE DISK HAS A LINEAR VELOCITY THAT IS TANGENTIAL TO ITS CIRCULAR PATH. THE RELATIONSHIP BETWEEN
LINEAR VELOCITY V AND ANGULAR VELOCITY N IS GIVEN BY!

® V=RN

WHERE R IS THE DISTANCE OF THE POINT FROM THE CENTER OF THE DISK. THIS IMPLIES THAT THE LINEAR VELOCITY INCREASES
PROPORTIONALLY WITH THE RADIUS; POINTS FARTHER FROM THE CENTER MOVE FASTER IN LINEAR TERMS.

ANALYZING POINTS ON THE Disk: DisTANCE FROM THE CENTER

CenTer oF THE Disk (R = 0)

THE POINT AT THE CENTER OF THE DISK HAS A RADIUS R = 0. CONSEQUENTLYI ITS LINEAR VELOCITY IS:

e v=0

MEANING IT REMAINS STATIONARY RELATIVE TO THE DISK’S ROTATION, ALTHOUGH IT MAY STILL EXPERIENCE ANGULAR MOTION.



PoINTS oN THE Epge (R =R)

THE OUTERMOST POINTS ON THE DISK ARE AT RADIUS R. THEIR LINEAR VELOCITY IS MAXIMUM, CALCULATED AS:

e v=Rn

THIS INDICATES THAT POINTS ON THE CIRCUMFERENCE MOVE FASTEST IN LINEAR TERMS, GIVEN THE CONSTANT ANGULAR
VELOCITY.

UNDERSTANDING ACCELERATION IN ROTATING Disks

TyYPES OF ACCELERATION

POINTS ON A ROTATING DISK EXPERIENCE TWO PRIMARY TYPES OF ACCELERATION:

1. TANGENTIAL ACCELERATION (AT): DUE TO CHANGE IN THE MAGNITUDE OF VELOCITY OVER TIME.

2. CENTRIPETAL (EADIAL) ACCELERATION (AC): DIRECTED TOWARDS THE CENTER, DUE TO CHANGE IN THE DIRECTION OF
VELOCITY AS THE POINT MOVES ALONG A CIRCULAR PATH.

ConDITIONS oF RoTATION AT A CONSTANT RATE

W/HEN THE DISK ROTATES AT A CONSTANT ANGULAR VELOCITY:

o ANGULAR ACCELERATION (A) =0

o TANGENTIAL ACCELERATION (AT) =rA =0

MEANING THERE IS NO CHANGE IN THE MAGNITUDE OF THE LINEAR VELOCITY OVER TIME. HO\X/EVER/ CENTRIPETAL ACCELERATION
REMAINS ACTIVE AND IS GIVEN BY:

e aAc=Vv2[r=(RN)? [/ rR=RN?

THIS ACCELERATION IS ALWAYS DIRECTED TOWARD THE CENTER OF THE DISK.

W HicH PoINTs HAVE GREATER LINEAR VELOCITY?

CoMPARISON OF LINEAR VELOCITIES AT DIFFERENT RADII

SINCE THE LINEAR VELOCITY V = RN, POINTS FARTHER FROM THE CENTER HAVE HIGHER LINEAR VELOCITIES, ASSUMING THE SAME
ANGULAR VELOCITY. SPECIFICALLY:

e ATR=0:v=0



e ATR=R:v=Rn

THEREFORE, THE POINT ON THE EDGE OF THE DISK (R = R) HAS THE GREATEST LINEAR VELOCITY AMONG ALL POINTS ON THE DISK.

IMPLICATION OF GREATER LINEAR VELOCITY

THIS MEANS THAT IF THE QUESTION PERTAINS TO LINEAR SPEED, THE OUTERMOST POINTS MOVE FASTEST. THIS IS CRITICAL IN
APPLICATIONS SUCH AS TIRE DESIGN, CENTRIFUGES, OR ROTATING MACHINERY , WHERE THE MAXIMUM LINEAR VELOCITY CAN
INFLUENCE MATERIAL STRESSES AND SAFETY CONSIDERATIONS.

W HICH PoINTs HAVE GREATER ACCELERATION?

CeNTRIPETAL ACCELERATION AND |TS DEPENDENCE ON RADIUS

As ESTABLISHED, THE CENTRIPETAL ACCELERATION FOR A POINT AT RADIUS R IS:

* AC =RN?

WHICH INCREASES LINEARLY WITH THE RADIUS. THUS, THE OUTERMOST POINTS ON THE DISK (R = R) EXPERIENCE THE GREATEST
CENTRIPETAL ACCELERATION.

IMPLICATION FOR RADIAL POINTS

SINCE THE ACCELERATION MAGNITUDE IS DIRECTLY PROPORTIONAL TO R, THE MAXIMUM CENTRIPETAL ACCELERATION OCCURS AT
THE EDGE OF THE DISK. THIS HAS SIGNIFICANT IMPLICATIONS FOR STRUCTURAL INTEGRITY, AS THE OUTER REGIONS ENDURE HIGHER
INWARD ACCELERATION, WHICH MUST BE ACCOUNTED FOR IN DESIGN AND SAFETY ANALYSES.

TANGENTIAL ACCELERATION IN THE CASE oF CONSTANT RATE ROTATION

BECAUSE THE ANGULAR VELOCITY IS CONSTANT, THE TANGENTIAL ACCELERATION IS ZERO EVERYWHERE ON THE DISK:

e AT=0

WHICH SIMPLIFIES THE ANALYSIS WHEN CONSIDERING UNIFORM ROTATIONAL MOTION.

SUMMARY: WHICH PoINT HAS THE GREATEST? KEY T AKEAWAYS

LINEAR VELOCITY

® THE POINT ON THE EDGE (R = R) HAS THE GREATEST LINEAR VELOCITY, V = Rn.



CENTRIPETAL ACCELERATION

® THE OUTERMOST POINT (R = R) EXPERIENCES THE GREATEST CENTRIPETAL ACCELERATION, AC = RN2.

OTHER QUANTITIES

® POINTS CLOSER TO THE CENTER HAVE LESS LINEAR VELOCITY AND CENTRIPETAL ACCELERATION.

® THE CENTER REMAINS STATIONARY IN LINEAR TERMS BUT ROTATES ABOUT THE SAME AXIS, EXPERIENCING NO LINEAR
MOTION.

PrRACTICAL APPLICATIONS AND CONSIDERATIONS

STRUCTURAL DESIGN AND MATERIAL STRESS

(UNDERSTANDING WHICH POINTS EXPERIENCE MAXIMUM VELOCITY AND ACCELERATION IS CRUCIAL IN DESIGNING ROTATING
MACHINERY, ENSURING MATERIALS CAN WITHSTAND STRESSES ESPECIALLY AT THE EDGES WHERE FORCES ARE GREATEST.

SAFETY IN ROTATING SYSTEMS

HIGH VELOCITIES AND ACCELERATIONS AT THE PERIPHERY MAY LEAD TO MATERIAL FATIGUE OR FAILURE, EMPHASIZING THE
IMPORTANCE OF PROPER SAFETY MARGINS AND MATERIAL SELECTION.

RoTATIONAL DYNAMICS IN ENGINEERING

FROM FLYWHEELS TO TURBINES, KNOWLEDGE OF HOW DIFFERENT POINTS ON A ROTATING DISK BEHAVE ENABLES ENGINEERS TO
OPTIMIZE DESIGNS FOR EFFICIENCY AND SAFETY.

CONCLUSION

IN A SOLID DISK ROTATING AT A CONSTANT ANGULAR VELOCITY, THE POINTS FURTHEST FROM THE CENTER—SPECIFICALLY
THOSE ON THE CIRCUMFERENCE—HAVE THE GREATEST LINEAR VELOCITY AND CENTRIPETAL ACCELERATION. WHILE THE CENTER
REMAINS STATIONARY IN LINEAR TERMS, IT SHARES THE SAME ANGULAR VELOCITY AS THE ENTIRE DISK. RECOGNIZING THESE
DIFFERENCES IS ESSENTIAL IN THE ANALYSIS AND APPLICATION OF ROTATIONAL SYSTEMS, INFLUENCING DESIGN CHOICES, SAFETY
CONSIDERATIONS, AND UNDERSTANDING OF ROTATIONAL KINEMATICS.

FREQUENTLY AskeD QUESTIONS

\WHICH POINT ON A ROTATING SOLID DISK HAS THE GREATEST LINEAR VELOCITY?

THE POINT LOCATED AT THE OUTER EDGE OF THE DISK, WITH RADIUS R, HAS THE GREATEST LINEAR VELOCITY.



DOES THE POINT AT THE RIM OF A ROTATING DISK HAVE A HIGHER LINEAR VELOCITY
THAN POINTS CLOSER TO THE CENTER?

YES, POINTS FARTHER FROM THE CENTER (AT LARGER RADII) MOVE FASTER LINEARLY BECAUSE LINEAR VELOCITY INCREASES WITH
RADIUS IN ROTATIONAL MOTION.

FOR A SOLID DISK ROTATING AT A CONSTANT ANGULAR VELOCITY , WHICH POINT
EXPERIENCES THE MAXIMUM TANGENTIAL SPEED?

THE POINT ON THE RIM (RADIUS R) EXPERIENCES THE MAXIMUM TANGENTIAL SPEED.

IS THE ANGULAR VELOCITY THE SAME FOR ALL POINTS ON THE ROTATING DISK?

YES, ALL POINTS ON THE DISK ROTATE WITH THE SAME ANGULAR VELOCITY, REGARDLESS OF THEIR DISTANCE FROM THE CENTER.

\WHICH POINT ON THE ROTATING DISK HAS THE GREATEST ACCELERATION: THE CENTER ;A
POINT AT RADIUS R , OR SOMEWHERE IN BET\WEEN?

THE POINT AT THE RIM (RADIUS R) EXPERIENCES THE GREATEST TANGENTIAL ACCELERATION BECAUSE ITS LINEAR SPEED IS
HIGHEST.

How DOES THE LINEAR VELOCITY OF A POINT ON THE DISK RELATE TO ITS RADIUS?

LINEAR VELOCITY IS DIRECTLY PROPORTIONAL TO THE RADIUS; POINTS FARTHER FROM THE CENTER HAVE HIGHER LINEAR
VELOCITIES.

IF A POINT ON THE DISK IS AT RADIUS R, WHAT IS ITS LINEAR SPEED IN TERMS OF
ANGULAR VELOCITY?

THE LINEAR SPEED vV =R N, WHERE N IS THE ANGULAR VELOCITY.

\Y/HICH POINT ON THE DISK HAS THE LEAST LINEAR VELOCITY DURING ROTATION AT
CONSTANT ANGULAR SPEED?

THE POINT AT THE CENTER (RADIUS ZERO) HAS ZERO LINEAR VELOCITY.

IN ROTATIONAL MOTION , WHICH POINT HAS THE GREATEST TANGENTIAL ACCELERATION?

THE POINT ON THE RIM (RADIUS R) HAS THE GREATEST TANGENTIAL ACCELERATION IF THE ANGULAR VELOCITY IS CHANGING.

\W/HEN CONSIDERING POINTS ON A ROTATING DISK, WHICH HAS THE GREATER LINEAR
SPEED, A POINT AT R/2 or AT R?

THE POINT AT RADIUS R HAS THE GREATER LINEAR SPEED, SINCE LINEAR VELOCITY INCREASES WITH RADIUS.

ADDITIONAL RESOURCES

UNDERSTANDING ROTATIONAL DYNAMICS: WHICH POINT oN A ROTATING SoLib Disk HAS THE GREATEST LINEAR VELOCITY?

W/HEN ANALYZING THE MOTION OF A ROTATING SOLID DISK, ONE OF THE FUNDAMENTAL QUESTIONS OFTEN POSED IS: “\W/HICH



POINT ON THE DISK HAS THE GREATEST LINEAR VELOCITY?” THIS INQUIRY IS CRUCIAL IN UNDERSTANDING ROTATIONAL
KINEMATICS, THE DISTRIBUTION OF VELOCITIES WITHIN ROTATING BODIES, AND THE PRACTICAL IMPLICATIONS IN ENGINEERING,
PHYSICS, AND EVERYDAY APPLICATIONS SUCH AS FLYWHEELS, TURBINES, AND EVEN SPINNING AMUSEMENT PARK RIDES.

IN THIS COMPREHENSIVE REVIEW, WE WILL EXPLORE THE PROBLEM IN DETAIL, DISSECT THE PHYSICS INVOLVED, ANALYZE THE
FACTORS INFLUENCING VELOCITIES OF DIFFERENT POINTS, AND CLARIFY HOW TO DETERMINE WHICH POINT ON A ROTATING SOLID
DISK ACHIEVES THE HIGHEST LINEAR SPEED.

FUNDAMENTAL CONCEPTS OF ROTATIONAL MOTION

BEFORE DELVING INTO SPECIFICS, IT IS ESSENTIAL TO UNDERSTAND SOME CORE PRINCIPLES RELATED TO ROTATIONAL DYNAMICS:

ANGULAR VELocITY (\(\oMeGA\))

- DEFINES HOW FAST AN OBJECT ROTATES.
- USUALLY MEASURED IN RADIANS PER SECOND (RAD/S).
- FOR A DISK ROTATING AT A CONSTANT RATE, \(\OMEGA\) REMAINS UNCHANGED OVER TIME.

Linear VeLociTY (\(v\)) oF A PoINT oN THE Disk

- THE TANGENTIAL OR LINEAR VELOCITY OF ANY POINT ON A ROTATING OBJECT DEPENDS ON ITS DISTANCE FROM THE AXIS OF
ROTATION.
- EXPRESSED AS:

\[

v =R \TIMes \oMEGA
\]

\WHERE:

- \(V\) = LINEAR VELOCITY OF THE POINT,
- \(R\) = DISTANCE FROM THE AXIS OF ROTATION,
- \(\oMEGA\) = ANGULAR VELOCITY.

ReLATION BETWEEN LINEAR AND ANGULAR MOTION

- THE LINEAR VELOCITY AT A POINT ON THE DISK IS DIRECTLY PROPORTIONAL TO THE RADIUS FROM THE AXIS.
- THIS MEANS THAT POINTS FARTHER FROM THE CENTER MOVE FASTER TANGENTIALLY.

THe GEOMETRY OF A SoLID Disk AND POINT PosITIONS

UNDERSTANDING THE SPATIAL ARRANGEMENT OF POINTS ON A DISK IS CRUCIAL:



COORDINATE SYSTEM AND NOTATION

- CONVENTIONALLY, THE AXIS OF ROTATION IS ALONG THE Z-AXIS.
- THE CENTER OF THE DISK IS AT THE orIGIN (0,0).
- POINTS ON THE DISK ARE CHARACTERIZED BY THEIR POSITION RELATIVE TO THE CENTER, DESCRIBED IN POLAR COORDINATES

\((r, \THETA)\).

PosITION oF POINTS ON THE Disk

- ANY POINT ON THE DISK CAN BE SPECIFIED BY ITS RADIUS \(R\) (DISTANCE FROM THE CENTER) AND ITS ANGLE \(\THETA\).
- THE MAXIMUM RADIUS OF THE DISK IS \(R\), THE GIVEN RADIUS OF THE SOLID DISK.

- POINTS OF INTEREST ARE TYPICALLY:

1. CenTer oF THE Disk: \(r = 0\).

2. PoINT oN THE circUMFERENCE: \(R = R\).
3. ANy INTERMEDIATE POINT: \(O < R < R\).

VELocCITY ANALYSIS: WHICH PoINT HAS GREATER LINEAR VELOCITY?

GIVEN THE ABOVE, THE QUESTION SIMPLIFIES TO!:

"IN A SOLID DISK ROTATING AT A CONSTANT RATE \(\OMEGA\), WHICH POINT HAS THE GREATEST LINEAR VELOCITY?”

SINCE:

\[

v =R \TIMES \OMEGA,
\]

For A FIXED \(\OMEGA\), THE LINEAR VELOCITY IS DIRECTLY PROPORTIONAL TO \(R\).

KEY INSIGHTS AND IMPLICATIONS

1. LINEAR VELOCITY INCREASES WITH DISTANCE FROM THE AXIS

- THE FARTHER A POINT IS FROM THE CENTER, THE HIGHER ITS LINEAR VELOCITY.
- AT THe cenTer (\(R=0\)), THE LINEAR VELOCITY IS ZERO.
- AT THE enGE (\(R=R\)), THE LINEAR VELOCITY REACHES ITS MAXIMUM:

\l

v_{Max} =R \TiMES \OMEGA.

\]



2. THe POINT WITH THE GREATEST LINEAR VELOCITY

- SINce \(V\) INcrReasES LINEARLY WITH \(R\), THE POINT ON THE CIRCUMFERENCE (AT \(R=R\)) HAS THE GREATEST LINEAR
VELOCITY.

3. IMPLICATIONS FOR MecCHANICAL DESIGN AND SAFETY

- POINTS NEAR THE RIM EXPERIENCE THE HIGHEST TANGENTIAL SPEEDS, WHICH INFLUENCE:

- MATERIAL STRESSES: HIGHER VELOCITIES CAUSE GREATER CENTRIFUGAL FORCES.
- WEAR AND TEAR: COMPONENTS AT THE EDGE MAY NEED REINFORCEMENT.
- SAFETY CONSIDERATIONS: FAST-MOVING EDGES CAN BE HAZARDOUS IF NOT PROPERLY SHIELDED.

ADDITIONAL CONSIDERATIONS IN ROTATING Disks

W/HILE THE PRIMARY FOCUS IS ON LINEAR VELOCITIES, SEVERAL OTHER FACTORS INFLUENCE THE DYNAMICS!

1. ANGULAR ACCELERATION

- |F THE DISK ACCELERATES OR DECELERATES, THE VELOCITIES OF POINTS CHANGE ACCORDINGLY.
- THE ANALYSIS BECOMES MORE COMPLEX IF \(\OMEGA\) IS NOT CONSTANT.

2. NoN-UNIFORM ROTATION

- IN CASES WHERE THE DISK DOESN'T ROTATE UNIFORMLY, POINTS AT DIFFERENT RADII MAY HAVE DIFFERENT ANGULAR
ACCELERATIONS.

3. ROTATIONAL ENERGY AND MOMENT OF INERTIA

- THE ROTATIONAL KINETIC ENERGY:

\[

KE_{roT} = \FrRAc{1}{ 2} I \oMeGA" 2,

\]

wHEREe \(I\) IS THE MOMENT OF INERTIA. FOR A SOLID DISK:
\[

I = \rrac{1}{2} MR"2,

\]

wITH \(M\) BEING THE MASS.

- THE DISTRIBUTION OF VELOCITIES INFLUENCES THE ENERGY STORED IN THE ROTATION.



PRACTICAL EXAMPLES AND APPLICATIONS

TO CONTEXTUALIZE THIS CONCEPT, CONSIDER REAL-\WORLD EXAMPLES:

1. SPINNING W/ HEELS AND ROTORS

- THE OUTER EDGE MOVES FASTER THAN THE HUB.
- BRAKE SYSTEMS OFTEN NEED TO ACCOUNT FOR THE HIGHER VELOCITIES AT THE RIM.

2. FLYWHEEL DesIGN

- MAXIMIZE ENERGY STORAGE BY DESIGNING WITH HIGH ROTATIONAL SPEEDS AND LARGE RADII.
- THE MAXIMUM LINEAR VELOCITY AT THE RIM DETERMINES THE MAXIMUM STRESS.

3. MECHANICAL FAILURES AND SAFETY

- FAILURES OFTEN ORIGINATE AT POINTS EXPERIENCING THE GREATEST STRESS — TYPICALLY THE OUTER EDGE.

4. ROTATIONAL SENSORS AND INSTRUMENTATION

- DEVICES MEASURING LINEAR VELOCITY OR TANGENTIAL SPEED MUST CONSIDER THE RADIUS TO ACCURATELY DETERMINE THE
7
POINT S SPEED.

MATHEMATICAL SUMMARY AND CRITICAL POINTS

| PARAMETER | DESCRIPTION | VALUE AT THE CENTER | VALUE AT THE CIRCUMFERENCE |
——— —— RS e |

| Rabius \(R\) | DisTANCE FrRoM THE Axis | \(O\) | \(R\) |

| Linear veLocITY \(V\) | TancenTIAL speep | \(O\) | \(R \TiMes \oMecal) |

| MaxiMum LiINear VELOAITY ||| \(v_{Max} = R \TiMes \oMeGA)) |

ConcLusion: THE POINT ON THE DIsk’s CIRCUMFERENCE (AT RADIUS \(R\)) EXPERIENCES THE GREATEST LINEAR VELOCITY
DURING CONSTANT ROTATION.

SUMMARY AND FINAL REMARKS

- CORE PRINCIPLE: [N UNIFORM ROTATIONAL MOTION OF A SOLID DISK, LINEAR VELOCITY (\(V\)) IS PROPORTIONAL TO THE
rabiUs (\(rR\)).

- MAIN CONCLUSION: THE POINT ON THE DISK AT THE MAXIMUM RADIUS — THE CIRCUMFERENCE — HAS THE GREATEST LINEAR
VELOCITY.

- IMPLICATION: \W/HEN CONSIDERING MECHANICAL STRESSES, SAFETY, OR ENERGY STORAGE, THE OUTER EDGE'S HIGH VELOCITY



MUST BE CAREFULLY MANAGED.

ADDITIONAL TIPS FOR PROBLEM SOLVING AND APPLICATION

- \W/HEN ANALYZING SIMILAR PROBLEMS, ALWAYS IDENTIFY THE ROTATION RATE (\(\OMEGA\)), THE GEOMETRY OF THE OBJECT,
AND THE POSITIONS OF POINTS OF INTEREST.

- REMEMBER THAT INCREASING THE RADIUS INCREASES LINEAR VELOCITY LINEARLY.

- CONSIDER THE EFFECTS OF HIGH LINEAR VELOCITIES AT THE RIM IN REAL-WORLD APPLICATIONS, ESPECIALLY REGARDING
MATERIAL STRENGTH AND SAFETY.

IN ESSENCE, FOR A SOLID DISK ROTATING AT A CONSTANT RATE, THE POINT WITH THE GREATEST LINEAR VELOCITY IS
INVARIABLY THE ONE LOCATED AT THE OUTERMOST EDGE OR CIRCUMFERENCE, WHERE THE RADIUS EQUALS \(R\) THiS
FUNDAMENTAL INSIGHT UNDERPINS MANY PRACTICAL ENGINEERING DECISIONS AND DEEPENS OUR UNDERSTANDING OF ROTATIONAL
KINEMATICS.
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