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SECOND

A Hockey Puck WiTH A Mass OF 0.17 KG Is TRAVELING To THE RIGHT ALONG THE Ice AT 15 M/s IT STrikes A
SECOND

UNDERSTANDING THE PHYSICS BEHIND A HOCKEY PUCK'S MOTION IS ESSENTIAL FOR PLAYERS, COACHES, AND ENTHUSIASTS WHO
WANT TO IMPROVE THEIR GAMEPLAY, ANALYZE PERFORMANCE, OR SIMPLY APPRECIATE THE PRINCIPLES OF MECHANICS. IN THIS
ARTICLE, WE EXPLORE A SCENARIO WHERE A HOCKEY PUCK OF MASS 0.17 KG IS MOVING ACROSS THE ICE AT A SPEED OF 15
METERS PER SECOND AND STRIKES A SECOND OBJECT OR OBSTACLE. WE WILL DELVE INTO THE FUNDAMENTAL CONCEPTS OF
LINEAR MOMENTUM, IMPULSE, COLLISION TYPES, AND ENERGY CONSERVATION, PROVIDING A COMPREHENSIVE OVERVIEW SUITABLE
FOR BOTH STUDENTS AND SPORTS ENTHUSIASTS.

INTRODUCTION TO Hockey Puck DyYNAMICS

THE DYNAMICS OF A HOCKEY PUCK INVOLVE VARIOUS PHYSICAL PRINCIPLES SUCH AS NEWTON'S LAWS OF MOTION,
CONSERVATION OF MOMENTUM, AND ENERGY TRANSFER DURING COLLISIONS. W/HEN A PUCK SLIDES ACROSS ICE, IT EXPERIENCES
MINIMAL FRICTION, ALLOWING IT TO MAINTAIN ITS VELOCITY OVER CONSIDERABLE DISTANCES. UNDERSTANDING WHAT HAPPENS
WHEN IT ENCOUNTERS AN OBSTACLE OR ANOTHER OBJECT PROVIDES INSIGHTS INTO THE PHYSICS OF COLLISIONS AND MOTION.

IN THE SPECIFIC SCENARIO WHERE A PUCK TRAVELS AT 15 M/S AND STRIKES A SECOND OBJECT, ANALYZING THE OUTCOME HELPS

EXPLAIN CONCEPTS LIKE ELASTIC AND INELASTIC COLLISIONS, MOMENTUM TRANSFER, AND HOW ENERGY IS CONSERVED OR
DISSIPATED.

BAsic PHYsICAL PRINCIPLES AT PLAY

NewToN's LAWS oF MoTIoN

NEWTON'S LAWS FORM THE FOUNDATION FOR UNDERSTANDING HOW THE PUCK MOVES AND INTERACTS:
- FIrsT LAW (|NERTIA)Z THE PUCK MAINTAINS ITS VELOCITY UNLESS ACTED UPON BY AN EXTERNAL FORCE.

- Seconp LAW (F = MA): THE ACCELERATION OF THE PUCK DEPENDS ON THE NET FORCE APPLIED.
- THIRD LAW: FOR EVERY ACTION, THERE IS AN EQUAL AND OPPOSITE REACTION, CRUCIAL DURING COLLISION ANALYSIS.

LINEAR MOMENTUM

Tre MmoMenTuM (\( P \)) OF THE PUCK IS GIVEN BY:
\[Pp=mM\TiMes v \]

\X/HERE:
-\(mM=0.17\, \text{ke} \)



-\(v =15\, \Text{m/s} \)

THUS, THE PUCK’S INITIAL MOMENTUM:
\[p_{inTiaL} = 0.17 \iMes 15 = 2.55\, \TexT{keM/s} \]

THIS VALUE IS VITAL WHEN ANALYZING THE COLLISION, AS MOMENTUM IS CONSERVED IN ISOLATED SYSTEMS.

IMPULSE AND FORCE DURING COLLISION

ImPuLSE (\(J \)) RELATES TO THE CHANGE IN MOMENTUM:

\[J=\DeLtar\]

THE FORCE EXERTED DURING THE COLLISION DEPENDS ON THE IMPULSE AND THE DURATION OF CONTACT:
\[J =F\1iMes \DeLta T \]

UNDERSTANDING THESE HELPS PREDICT HOW THE PUCK'S VELOCITY CHANGES POST-COLLISION.

TyPes oF COLLISIONS AND THEIR EFFECTS

ELAasTIC CoLLISIONS

IN AN ELASTIC COLLISION, BOTH KINETIC ENERGY AND MOMENTUM ARE CONSERVED. FOrR HOCKEY PUCK COLLISIONS, THIS IDEAL
CASE IS RARE BUT USEFUL FOR APPROXIMATION.

- THE PUCK AND THE OBJECT BOUNCE OFF WITHOUT ENERGY LOSS.
- POST-COLLISION VELOCITIES DEPEND ON THE MASSES AND INITIAL VELOCITIES.

INeLASTIC COLLISIONS

MORE COMMON IN REAL-WORLD SCENARIOS:

- PART OF THE KINETIC ENERGY IS TRANSFORMED INTO HEAT, SOUND, OR DEFORMATION.
- MOMENTUM REMAINS CONSERVED, BUT KINETIC ENERGY DECREASES.

PerrecTLY INELASTIC COLLISIONS

- THE PUCK AND THE OBJECT STICK TOGETHER AFTER IMPACT.
- MAXIMUM KINETIC ENERGY LOSS OCCURS, BUT MOMENTUM IS STILL CONSERVED.



ANALYZING THE COLLISION SCENARIO

SUPPOSE THE PUCK STRIKES A SECOND OBJECT—SAY, A STATIONARY OBSTACLE OR ANOTHER PUCK. THE KEY QUESTIONS
INCLUDE!:

- WHAT IS THE VELOCITY OF THE SECOND OBJECT AFTER IMPACT?
- How MUCH KINETIC ENERGY IS CONSERVED?

- WHAT FACTORS INFLUENCE THE OUTCOME?

LET'S CONSIDER BOTH ELASTIC AND INELASTIC COLLISION CASES FOR COMPREHENSIVE UNDERSTANDING.

SceNARIO 1: ELASTIC CoOLLISION

ASSUMING THE SECOND OBJECT IS INITIALLY AT REST AND THE COLLISION IS PERFECTLY ELASTIC:

- Mass of seconp oglecT (\(m_2\))

- INTIAL VELocITy oF seconp oglecT (\(v_{2,}=0))

- FINAL veLociTies AFTER coLLision (\( v_{1,r}\) ano \(v_{2F} \))

USING CONSERVATION LAWS:

\IM_ Tv {13+M 2v {23=mM 1v {1r}+M 2Vv {2F}\]

\[\rrac{13}{23m_ T v _{1,3*2 +\rrac{1}{2}M 2 v {2,3"2 =\rrac{1}{2}M_1v_{1F}"2 + \rrac{1}{2}mM 2
v_{2F}"2\]

FORrR EQUAL MASSES, THE PUCK WOULD TRANSFER ITS VELOCITY TO THE SECOND OBJECT, REVERSING ITS OWN DIRECTION, OR
VICE VERSA.

SceNARIO 2: INELASTIC COLLISION

IF THE PUCK STICKS TO THE OBJECT:
- FiINaL veLociTy (\( v_F \)) CAN BE CALCULATED VIA CONSERVATION OF MOMENTUM:
(M T+M 2)v r=m_Tv {1,3\]

- THE KINETIC ENERGY DECREASES ACCORDINGLY, ILLUSTRATING ENERGY DISSIPATION.

ReaL-W orLD FACTORS AFFECTING THE Puck’s MoTION

W/HILE PHYSICS MODELS OFTEN ASSUME IDEAL CONDITIONS, REAL-WORLD FACTORS INFLUENCE THE PUCK’S BEHAVIOR:

- FRICTION WITH ICE: ALTHOUGH ICE OFFERS LOW RESISTANCE, FRICTION STILL CAUSES GRADUAL SLOWING.
- AIR RESISTANCE: MINIMAL BUT PRESENT AT HIGH SPEEDS.

- DEFORMATION: IMPACT MAY CAUSE SLIGHT DEFORMATION, AFFECTING ENERGY TRANSFER.

- SURFACE CONDITIONS: ROUGH ICE OR IMPERFECTIONS INFLUENCE THE PUCK’S TRAJECTORY.

UNDERSTANDING THESE FACTORS HELPS IN DESIGNING BETTER EQUIPMENT, IMPROVING GAMEPLAY STRATEGIES, AND ENHANCING
TRAINING METHODS.



APPLICATIONS OF PHYSICS IN Hockey GAMEPLAY

THE PRINCIPLES DISCUSSED ARE NOT JUST THEORETICAL; THEY HAVE PRACTICAL IMPLICATIONS:

- SHOOTING ACCURACY: UNDERSTANDING HOW TO TRANSFER MOMENTUM EFFECTIVELY.

- CoLLISION AVOIDANCE: PREDICTING HOW PUCKS BEHAVE UPON IMPACT.

- EQUIPMENT DESIGN: USING MATERIAL SCIENCE TO OPTIMIZE PUCK AND STICK PERFORMANCE.
- TRAINING: DEVELOPING SKILLS BASED ON THE PHYSICS OF PUCK MOTION.

CoNcCLUSION

ANALYZING A HOCKEY PUCK'S MOVEMENT AS IT TRAVELS AT 15 M/S AND STRIKES A SECOND OBJECT PROVIDES VALUABLE
INSIGHTS INTO FUNDAMENTAL PHYSICS PRINCIPLES LIKE MOMENTUM, IMPULSE, AND ENERGY CONSERVATION. \W/HETHER CONSIDERING
IDEAL ELASTIC COLLISIONS OR REAL-WORLD INELASTIC IMPACTS, UNDERSTANDING THESE CONCEPTS ENHANCES COMPREHENSION
OF THE GAME AND THE UNDERLYING SCIENCE.

BY APPLYING PHYSICS KNOWLEDGE, PLAYERS AND COACHES CAN DEVELOP BETTER STRATEGIES, OPTIMIZE EQUIPMENT, AND
APPRECIATE THE FASCINATING MECHANICS THAT MAKE HOCKEY AN EXCITING SPORT. THE SIMPLE SCENARIO OF A PUCK STRIKING

AN OBSTACLE ENCAPSULATES COMPLEX INTERACTIONS THAT HIGHLIGHT THE BEAUTY OF PHYSICS IN EVERYDAY LIFE AND
SPORTS.

FURTHER READING AND RESOURCES

- "PHYsICS OF SPORTS” BY ANGELO ARMENTI

- "FUNDAMENTALS OF PHYSICS” BY DAVID HALLIDAY, ROBERT RESNICK, JEARL W/ ALKER
- ONLINE SIMULATIONS OF COLLISIONS AND MOMENTUM TRANSFER

- COACHING CLINICS FOCUSING ON PUCK HANDLING AND SHOOTING TECHNIQUES

THIS DETAILED EXPLORATION UNDERSCORES THE IMPORTANCE OF PHYSICS IN UNDERSTANDING AND IMPROVING HOCKEY
PERFORMANCE, EMPHASIZING THE SIGNIFICANCE OF FUNDAMENTAL PRINCIPLES IN SPORTS SCIENCE.

FREQUENTLY AskeD QUESTIONS

\W/HAT IS THE INITIAL MOMENTUM OF THE HOCKEY PUCK TRAVELING AT 15 M/s?P

THE INITIAL MOMENTUM IS CALCULATED BY MULTIPLYING MASS AND VELOCITY: P = 0.17 kG X 15 M/s = 2.55 kG'M/s.

IF THE HOCKEY PUCK STRIKES A SECOND OBJECT AND COMES TO A STOP ;, WHAT IS THE



CHANGE IN MOMENTUM?

THE CHANGE IN MOMENTUM IS EQUAL TO THE INITIAL MOMENTUM SINCE THE PUCK STOPS: AP = 2.565 KG'M/S.

\WHAT IS THE IMPULSE EXPERIENCED BY THE HOCKEY PUCK DURING THE COLLISION?

THE IMPULSE IMPARTED TO THE PUCK IS EQUAL TO THE CHANGE IN MOMENTUM, WHICH IS 2.55 KG'M/S.

How DOES THE CONSERVATION OF MOMENTUM APPLY IF THE PUCK STRIKES A
STATIONARY OBJECT?

ACCORDING TO CONSERVATION OF MOMENTUM, THE TOTAL MOMENTUM BEFORE AND AFTER THE COLLISION REMAINS THE SAME,
ASSUMING NO EXTERNAL FORCES ACT ON THE SYSTEM.

WHAT FACTORS COULD AFFECT THE OUTCOME OF THE PUCK’'S COLLISION WITH THE
SECOND OBJECT?

FACTORS INCLUDE THE MASS AND VELOCITY OF THE SECOND OBJECT, THE NATURE OF THE COLLISION (ELASTIC OR INELASTIC),
AND ANY EXTERNAL FORCES SUCH AS FRICTION OR DEFORMATION DURING IMPACT.

ADDITIONAL RESOURCES

Hockey Puck Dynamics: AN IN-DEPTH ANALYSIS OoF MOTION, IMPACT, AND PERFORMANCE

INTRODUCTION: THE SIGNIFICANCE OF THE Hockey Puck’s PHYsSICS

\W/HEN IT COMES TO THE SPORT OF ICE HOCKEY, MUCH OF THE GAME’S EXCITEMENT AND SKILL HINGES ON THE BEHAVIOR OF THE
PUCK. |TS SPEED, MASS, AND INTERACTION WITH PLAYERS AND EQUIPMENT DICTATE GAME OUTCOMES, PLAYER STRATEGIES, AND
EVEN SAFETY CONSIDERATIONS. IN THIS DETAILED EXAMINATION, WE'LL EXPLORE A SPECIFIC SCENARIO: A HOCKEY PUCK WITH A
MASS OF 0.17 kG TRAVELING AT 15 M/S ALONG THE ICE, STRIKING AN OBJECT AFTER ONE SECOND. \WHILE SEEMINGLY
STRAIGHTFORWARD, THIS SCENARIO OPENS A WINDOW INTO FUNDAMENTAL PHYSICS PRINCIPLES SUCH AS MOTION, MOMENTUM,
ENERGY TRANSFER, AND IMPACT DYNAMICS.

UNDERSTANDING THE BASIC PARAMETERS

MAss AND VELOCITY: THE FUNDAMENTALS

THE PUCK’S MASS AND VELOCITY ARE ESSENTIAL STARTING POINTS. W/ITH A MASS OF 0.17 KG, THE PUCK IS WITHIN THE
TYPICAL RANGE USED IN OFFICIAL ICE HOCKEY GAMES. |TS INITIAL VELOCITY OF 15 M/S IS ALSO REALISTIC FOR A POWERFUL
SHOT OR SLAPSHOT, REPRESENTING THE HIGH END OF TYPICAL PUCK SPEEDS.

-Mass (M): 0.17 kG
- INTIaL VeLoarTy (vg): 15 M/s
- TRAVEL TIME BEFORE IMPACT: 1 SECOND



THESE PARAMETERS SET THE STAGE FOR ANALYZING THE PUCK’S MOTION AND IMPACT CHARACTERISTICS.

ANALYZING THE Puck’s MoTioN OvVEr TIME

CoNSTANT VELOCITY ASSUMPTION

IN AN IDEALIZED SCENARIO, IGNORING EXTERNAL FORCES SUCH AS FRICTION AND AIR RESISTANCE, THE PUCK TRAVELS AT A
CONSTANT VELOCITY OF 15 M/S. UNDER THESE CONDITIONS, THE POSITION AFTER ONE SECOND CAN BE CALCULATED USING!:

\[x=v \TiMes T \]
SUBSTITUTING THE KNOWN VALUES:
\[x =15\, \text{M/s} \1iMes 1\, \Text{s} = 15\, \TexT{meTERS]} \]

THIS INDICATES THAT THE PUCK COVERS A SIGNIFICANT DISTANCE IN JUST ONE SECOND, EMPHASIZING THE IMPORTANCE OF
CONTROL AND PRECISION IN SHOT EXECUTION.

ReAL-\W orLD CONSIDERATIONS; FRICTION AND AIR RESISTANCE

W/HILE THE IDEALIZED PHYSICS PROVIDE A BASELINE, REAL~WORLD FACTORS INFLUENCE THE PUCK’S BEHAVIOR:

- FRICTION WITH ICE: ICE HOCKEY PUCKS ARE DESIGNED TO GLIDE SMOOTHLY, BUT FRICTION STILL ACTS TO SLOW THE PUCK
OVER TIME.

- AIR RESISTANCE: AT HIGH SPEEDS, AIR DRAG CAN REDUCE THE PUCK’S VELOCITY GRADUALLY, ESPECIALLY OVER LONGER
DISTANCES.

- SPIN AND SURFACE INTERACTIONS: SPIN CAN INFLUENCE STABILITY AND TRAJECTORY, WHILE SURFACE IMPERFECTIONS IMPACT
SPEED AND DIRECTION.

(UNDERSTANDING THESE FACTORS IS CRUCIAL WHEN EVALUATING PUCK PERFORMANCE DURING ACTUAL GAMEPLAY, THOUGH FOR
SIMPLICITY, INITIAL CALCULATIONS OFTEN ASSUME A FRICTIONLESS ENVIRONMENT.

IMPACT DYNAMICS: WHAT HAPPENS W/HEN THE Puck STRIKES AN OBJECT?

CoLLISION MECHANICS AND MOMENTUM TRANSFER

W/HEN THE PUCK STRIKES A SECOND OBJECT—BE IT A GOALPOST, OPPONENT’S STICK, OR THE NET—THE COLLISION INVOLVES
COMPLEX PHYSICS:

- CONSERVATION OF MOMENTUM: ASSUMING AN ELASTIC COLLISION (\X/HERE KINETIC ENERGY IS CONSERVED), THE TOTAL
MOMENTUM BEFORE AND AFTER IMPACT REMAINS CONSTANT.
- IMPULSE: THE CHANGE IN MOMENTUM DURING IMPACT IS RELATED TO THE FORCE EXERTED OVER THE COLLISION TIME.



MATHEMATICALLY:
\[ \text{ImpuLse} = \DeLta P =M \TiMes (v_{FNnaL} - v_{iNnTIALY) \]

IF THE PUCK COMES TO A COMPLETE STOP AFTER IMPACT:

\[ v_{FrnaL}=0]
\[\DeLtap =0.17\, \text{ka} \TiMes (O - 15\, \Text{m/s}) = -2.55\, \1ext{ka'M/s} \]

THE NEGATIVE SIGN INDICATES A REVERSAL OF MOMENTUM DIRECTION OR A LOSS OF SPEED.
IMPACT FACTORS INCLUDE;

- MATERIAL PROPERTIES OF BOTH OBJECTS

- SURFACE DEFORMATION

- COLLISION ANGLE

- RELATIVE VELOCITIES

UNDERSTANDING THESE FACTORS HELPS IN DESIGNING EQUIPMENT AND TRAINING PLAYERS FOR OPTIMAL PUCK CONTROL AND SHOT
ACCURACY.

ENErRGY CONSIDERATIONS DURING IMPACT

THE KINETIC ENERGY OF THE PUCK BEFORE IMPACT IS:
\[ KE = \rrac{1H{2} M Vv"2\]
CALCULATING:

\[ KE = \rrAc{ 13{2} \TiMes 0.17\, \TexT{kc} \TiMes (15\, \TexT{m/s})"2 = 0.085 \TiMes 225 = 19.125),
\texT{J} \]

THIS ENERGY DETERMINES THE FORCE EXERTED ON IMPACT AND INFLUENCES THE SUBSEQUENT MOTION OF BOTH THE PUCK AND THE
OBJECT STRUCK.

POST'IMPACT, SOME ENERGY IS TRANSFERRED TO THE STRUCK OBJECT (E.G., DEFORMATION, SOUND, HEAT), AND SOME REMAINS
AS KINETIC ENERGY IF THE PUCK CONTINUES MOVING AFTER IMPACT.

PERFORMANCE IMPLICATIONS AND PRACTICAL APPLICATIONS

DEsIGNING Pucks FOrR OPTIMAL PERFORMANCE

MANUFACTURERS LEVERAGE PHYSICS PRINCIPLES TO ENHANCE PUCK DESIGN:
- MATERIAL SELECTION: LIGHTWEIGHT YET DURABLE MATERIALS LIKE VULCANIZED RUBBER OPTIMIZE SPEED AND RESILIENCE.
- SHAPE AND SURFACE: FLAT, SMOOTH SURFACES REDUCE FRICTION, ENABLING HIGHER SPEEDS AND MORE ACCURATE SHOTS.

- CENTER OF MASS: A BALANCED CENTER OF MASS ENSURES STABILITY DURING FLIGHT AND HANDLING.

UNDERSTANDING THE PHYSICS ALLOWS DESIGNERS TO CREATE EQUIPMENT THAT MAXIMIZES POWER, CONTROL, AND SAFETY.



PLAYER TECHNIQUE AND PHYSICS

PLAYERS CAN OPTIMIZE THEIR SHOTS BY CONSIDERING PHYSICS:
- GRIP AND STANCE: PROPER GRIP AND STANCE INFLUENCE FORCE TRANSFER.
- FoLLow-THROUGH: EXTENDING THE SHOT INCREASES IMPULSE, IMPARTING MORE MOMENTUM.

- ANGLE OF IMPACT: SHOOTING AT OPTIMAL ANGLES CAN IMPROVE PUCK SPEED AND ACCURACY.

EXPERT PLAYERS OFTEN ANALYZE PUCK BEHAVIOR USING PHYSICS INSIGHTS TO REFINE THEIR TECHNIQUES.

SAFETY AND EQUIPMENT CONSIDERATIONS

THE HIGH KINETIC ENERGY ASSOCIATED WITH FAST-MOVING PUCKS NECESSITATES PROTECTIVE GEAR:

- HELMETS, GLOVES, AND PADS ABSORB IMPACT FORCES.
- UNDERSTANDING IMPACT DYNAMICS INFORMS SAFETY STANDARDS AND EQUIPMENT DESIGN.

PROPER SAFETY MEASURES REDUCE INJURY RISKS DURING HIGH-VELOCITY IMPACTS.

ConNcLusIoN: THE PHYsIcs BEHIND THE GAME

THE JOURNEY OF A HOCKEY PUCK TRAVELING AT 15 M/S FOR ONE SECOND BEFORE IMPACT ENCAPSULATES FUNDAMENTAL
PHYSICS CONCEPTS—MOTION, MOMENTUM, ENERGY TRANSFER, AND IMPACT DYNAMICS. RECOGNIZING HOW THESE PRINCIPLES
INFLUENCE PUCK BEHAVIOR ENHANCES OUR APPRECIATION OF THE SPORT’S COMPLEXITY AND PRECISION. W/HETHER IN DESIGNING
EQUIPMENT, HONING PLAYER SKILLS, OR ENSURING SAFETY, PHYSICS IS AT THE CORE OF EVERY ASPECT OF ICE HOCKEY. THIS
DETAILED ANALYSIS UNDERSCORES THAT EVEN A SEEMINGLY SIMPLE OBJECT LIKE A HOCKEY PUCK EMBODIES RICH SCIENTIFIC
PHENOMENA THAT DRIVE THE EXCITEMENT AND MASTERY OF THE GAME.
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