ROW PHYSICS

THE FUNDAMENTAL PRINCIPLES OF Row PHYsICS

ROW PHYSICS IS A FASCINATING INTERSECTION OF MECHANICS, FLUID DYNAMICS, AND BIOMECHANICS, EXPLAINING THE FORCES
AND ENERGIES INVOLVED IN PROPELLING A BOAT THROUGH WATER USING OARS. IT's NOT JUST ABOUT BRUTE STRENGTH, IT's
ABOUT UNDERSTANDING HOW TO HARNESS YOUR BODY'S POWER AND THE ENVIRONMENT'S PROPERTIES TO ACHIEVE MAXIMUM
EFFICIENCY AND SPEED. FROM THE INITIAL CATCH OF THE OAR IN THE WATER TO THE CLEAN RELEASE, EVERY MOVEMENT DICTATES
THE BOAT'S TRAJECTORY AND MOMENTUM. THIS ARTICLE WILL DELVE DEEP INTO THE CORE PRINCIPLES OF ROW PHYSICS,
EXPLORING THE FORCES AT PLAY, THE BIOMECHANICAL CONSIDERATIONS FOR OPTIMAL PERFORMANCE, AND THE IMPACT OF
WATER DYNAMICS. WE WILL UNCOVER HOW A NUANCED UNDERSTANDING OF THESE ELEMENTS CAN TRANSFORM A ROWER'S
TECHNIQUE AND THE OVERALL PERFORMANCE OF A CREW.
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UNDERSTANDING THE CORE FORCES IN ROWING

ATITS HEART, ROW PHYSICS REVOLVES AROUND NewTON'S THIRD LAW oF MOTION: FOR EVERY ACTION, THERE IS AN EQUAL
AND OPPOSITE REACTION. IN ROWING, THE ACTION IS THE ROWER APPLYING FORCE TO THE OAR, PUSHING WATER BACKW ARD.
THE EQUAL AND OPPOSITE REACTION IS THE WATER PUSHING THE OAR, AND CONSEQUENTLY THE BOAT, FORW ARD. THiS
FUNDAMENTAL PRINCIPLE IS THE BEDROCK OF PROPULSION. THE AMOUNT OF FORCE APPLIED, THE ANGLE AT WHICH THE OAR
BLADE INTERACTS WITH THE WATER, AND THE DURATION OF THIS INTERACTION ALL CONTRIBUTE TO THE NET FORW ARD FORCE
GENERATED. THINK OF IT LIKE PUSHING OFF A WALL, THE HARDER YOU PUSH, THE FURTHER YoU'LL Go. SIMILARLY, THE MORE
EFFECTIVE THE OAR BLADE IS AT GRIPPING AND DISPLACING WATER, THE GREATER THE PROPULSIVE FORCE WILL BE.

BEYOND THE BASIC ACTION-REACTION, SEVERAL OTHER FORCES ARE CONSTANTLY AT PLAY. THERE'S THE FORCE OF RESISTANCE
FROM THE WATER ITSELF, OFTEN REFERRED TO AS DRAG. THIS DRAG ACTS IN OPPOSITION TO THE BOAT'S MOTION AND IS
INFLUENCED BY THE BOAT'S HULL SHAPE, ITS SPEED, AND THE SURFACE CONDITIONS OF THE WATER. A SIGNIFICANT PORTION OF
ROW PHYSICS IS DEDICATED TO UNDERSTANDING AND MINIMIZING THIS DRAG. ADDITIONALLY, ENVIRONMENTAL FACTORS LIKE WIND
AND CURRENTS INTRODUCE EXTERNAL FORCES THAT CAN EITHER AID OR IMPEDE PROGRESS, REQUIRING ROWERS TO CONSTANTLY
ADAPT THEIR TECHNIQUE AND POWER APPLICATION.



THE RoLE oF THE OAR AS A LEVER

THE OAR ITSELF ACTS AS A CLASS 2 LEVER. THE FULCRUM IS THE OARLOCK, THE RESISTANCE IS THE FORCE OF THE WATER
ACTING ON THE BLADE, AND THE EFFORT IS APPLIED BY THE ROWER AT THE HANDLE. THE LENGTH OF THE OAR, THE POSITION OF
THE OARLOCK RELATIVE TO THE ROWER, AND THE SIZE AND SHAPE OF THE BLADE ALL INFLUENCE THE MECHANICAL ADVANTAGE.
A LONGER OAR OR AN OARLOCK POSITIONED FURTHER FROM THE ROWER CAN PROVIDE A GREATER MECHANICAL ADVANTAGE,
MEANING A SMALLER FORCE APPLIED BY THE ROWER CAN GENERATE A LARGER FORCE ON THE WATER. HO\)VEVER, THIS OFTEN
COMES AT THE COST OF SPEED OF MOVEMENT AT THE BLADE. FINDING THE OPTIMAL BALANCE IN LEVER MECHANICS IS CRUCIAL
FOR EFFICIENT ROWING.

NeT FORCE AND MOMENTUM

THE ULTIMATE GOAL OF ROW PHYSICS IS TO MAXIMIZE THE NET FORWARD FORCE APPLIED TO THE BOAT. THIS NET FORCE,
WHICH IS THE PROPULSIVE FORCE MINUS ALL RESISTIVE FORCES (DRAG, WIND, ETC.), IS WHAT ACCELERATES THE BOAT AND
MAINTAINS ITS SPEED. THE CONCEPT OF MOMENTUM, MASS TIMES VELOCITY, IS ALSO CRITICAL. A HEAVIER BOAT MOVING AT A
CERTAIN SPEED HAS MORE MOMENTUM THAN A LIGHTER BOAT MOVING AT THE SAME SPEED. | HIS MOMENTUM HELPS THE BOAT
MAINTAIN ITS SPEED BETWEEN STROKES, ESPECIALLY IN THE RECOVERY PHASE. EFFECTIVE ROWING AIMS TO BUILD AND CONSERVE
MOMENTUM THROUGHOUT THE RACE.

THe Science oF THE CATCH AND DRIVE

THE CATCH IS ARGUABLY THE MOST CRITICAL PHASE IN ROW PHYSICS. |T'S THE MOMENT THE OAR BLADE ENTERS THE WATER,
AND THE ROWER BEGINS TO TRANSFER THEIR BODY'S POWER INTO FORW ARD MOTION. A CLEAN AND EFFECTIVE CATCH MEANS THE
BLADE ENTERS THE WATER PERPENDICULAR TO THE SURFACE AND AT THE OPTIMAL DEPTH. THIS ENSURES MAXIMUM WATER
RESISTANCE AND MINIMAL “SLIPPING” OR “WASHING OUT” OF THE BLADE. THE BLADE'S ANGLE RELATIVE TO THE WATER FLOW IS
PARAMOUNT HERE; A SLIGHT ANGLE CAN GENERATE LIFT AND REDUCE EFFICIENCY, WHILE A MORE AGGRESSIVE ANGLE CAN LEAD TO
PREMATURE BLADE IMMERSION AND INCREASED EFFORT.

THE DRIVE IS WHERE THE MAJORITY OF PROPULSIVE FORCE IS GENERATED. |T BEGINS FROM THE LEGS, WHICH ARE THE LARGEST
MUSCLE GROUP IN THE BODY, AND TRANSFERS THROUGH THE CORE AND ARMS TO THE OAR. THE SEQUENCE OF MUSCLE
ENGAGEMENT IS CRUCIAL: LEGS PUSH, THEN THE BODY SWINGS BACK, AND FINALLY, THE ARMS PULL. THIS COORDINATED
MOVEMENT MAXIMIZES THE POWER TRANSFER. THE ANGLE OF THE OAR SHAFT RELATIVE TO THE WATER'S SURFACE DURING THE
DRIVE ALSO PLAYS A SIGNIFICANT ROLE IN HOW EFFECTIVELY FORCE IS TRANSLATED INTO PROPULSION. A SHALLOW ANGLE CAN
CAUSE THE BLADE TO “DIG IN” ToO DEEP, INCREASING DRAG, WHILE TOO STEEP AN ANGLE REDUCES THE SURFACE AREA OF THE
BLADE IN CONTACT WITH THE WATER.

OPTIMIZING BLADE DEPTH AND ANGLE

THE DEPTH AT WHICH THE OAR BLADE IS SUBMERGED DURING THE DRIVE IS A DELICATE BALANCE. TOO SHALLOW, AND THE BLADE
WON'T GRIP THE WATER EFFECTIVELY, LEADING TO A LOSS OF POWER. Too DEEP, AND THE INCREASED RESISTANCE CAN
OVERWHELM THE ROWER, LEADING TO FATIGUE AND REDUCED STROKE RATE. THE IDEAL DEPTH IS TYPICALLY JUST ENOUGH TO
FULLY SUBMERGE THE BLADE WITHOUT EXCESSIVE IMMERSION. SIMILARLY, THE ANGLE OF THE BLADE ITSELF, AS IT MOVES
THROUGH THE WATER, SHOULD BE OPTIMIZED TO PUSH WATER BACKWARD WITH THE LEAST AMOUNT OF UNWANTED VERTICAL
FORCE. THIS OFTEN INVOLVES A SLIGHT “FEATHERING” ACTION AS THE BLADE MOVES THROUGH THE WATER.

POWER APPLICATION AND SEQUENCING



THE POWER APPLICATION DURING THE DRIVE MUST BE SMOOTH AND PROGRESSIVE, STARTING WITH THE POWERFUL LEG DRIVE
AND FINISHING WITH THE ARMS. HESITATION OR CHOPPY MOVEMENTS DISRUPT THE FLOW OF ENERGY AND REDUCE THE OVERALL
PROPULSIVE FORCE. ELITE ROWERS EXHIBIT INCREDIBLE SYNCHRONICITY IN THEIR MOVEMENTS, ENSURING THAT THE POWER IS
APPLIED IN A CONTINUOUS, POWERFUL SURGE. THE ABILITY TO MAINTAIN THIS CONSISTENT APPLICATION OF FORCE
THROUGHOUT THE DRIVE IS A HALLMARK OF EXPERIENCED ROWERS AND A KEY ASPECT OF MASTERING ROW PHYSICS.

THEe FINISHES AND RECOVERY: MINIMIZING DRAG

THE FINISH OF THE STROKE OCCURS WHEN THE OAR HANDLE REACHES THE ROWER'S BODY. AT THIS POINT, THE BLADE IS LIFTED
OUT OF THE WATER. THE “RELEASE” IS JUST AS IMPORTANT AS THE “CATCH.” A CLEAN RELEASE ENSURES THAT THE OAR BLADE
EXITS THE WATER WITH MINIMAL DISTURBANCE. FOLLOWING THE RELEASE IS THE RECOVERY, WHERE THE OAR IS BROUGHT

FORW ARD THROUGH THE AIR BACK TO THE CATCH POSITION. DURING THE RECOVERY, THE PRIMARY GOAL IS TO MINIMIZE AIR
RESISTANCE AND TO PREPARE FOR THE NEXT POWERFUL DRIVE. “FEATHERING” THE OAR BLADE DURING THE RECOVERY—TURNING
IT PARALLEL TO THE WATER'S SURFACE—SIGNIFICANTLY REDUCES THE DRAG THAT THE BLADE WOULD OTHERWISE CREATE AS
IT MOVES THROUGH THE AIR.

THE TRANSITION FROM THE FINISH TO THE RECOVERY AND BACK TO THE CATCH NEEDS TO BE FLUID AND EFFICIENT. ANY
UNNECESSARY MOVEMENTS OR LINGERING IN THE FINISH POSITION WILL BLEED OFF THE BOAT'S HARD-EARNED MOMENTUM. Row
PHYSICS EMPHASIZES THAT THE RECOVERY IS NOT JUST A PASSIVE MOVEMENT BUT AN ACTIVE PHASE OF PREPARATION. THE
ROWER MUST MAINTAIN A CONTROLLED AND BALANCED POSTURE, READY TO ENGAGE THEIR CORE AND LEGS FOR THE NEXT DRIVE.
THE SPEED OF THE RECOVERY SHOULD GENERALLY BE FASTER THAN THE DRIVE, ALLOWING THE BLADE TO MOVE THROUGH THE
AIR EFFICIENTLY AND GET BACK TO THE CATCH POSITION QUICKLY.

THE ART OF FEATHERING

FEATHERING THE OAR IS A TECHNIQUE THAT INVOLVES ROTATING THE OAR BLADE SO IT LIES FLAT ON THE WATER'S SURFACE
(OR PARALLEL TO IT) DURING THE RECOVERY PHASE. THIS DRAMATICALLY REDUCES THE RESISTANCE THE BLADE ENCOUNTERS AS
IT MOVES THROUGH THE AIR. THE TIMING AND DEGREE OF FEATHERING ARE CRITICAL. T OO MUCH FEATHERING CAN LEAD TO AN
AWK\ ARD BLADE ENTRY AT THE CATCH, WHILE TOO LITTLE MEANS THE ROWER IS FIGHTING UNNECESSARY AIR RESISTANCE.
DEVELOPING THIS SKILL IS ESSENTIAL FOR MAXIMIZING EFFICIENCY AND SPEED OVER LONG DISTANCES.

MAINTAINING MOMENTUM THROUGH THE RECOVERY

\WHILE THE DRIVE IS ABOUT GENERATING FORWARD FORCE, THE RECOVERY IS ABOUT CONSERVING THE BOAT'S MOMENTUM. A
WELL-EXECUTED RECOVERY INVOLVES A SMOOTH TRANSITION FROM THE FINISH, A CONTROLLED SWING FORWARD WITH THE
BODY, AND A CONTROLLED SLIDE ON THE SEAT. THE GOAL IS TO MOVE THE BOAT FORWARD THROUGH THE WATER'S INERTIA
RATHER THAN LETTING IT SLOW DOWN SIGNIFICANTLY. ANY JERKING OR UNBALANCED MOVEMENTS DURING THE RECOVERY CAN
DISRUPT THE BOAT'S RHYTHM AND NEGATE THE POWER GENERATED DURING THE DRIVE. |T'S ABOUT MAINTAINING A STEADY PACE
AND KEEPING THE BOAT “ON THE PLANE.”

FLuib DyNAMIcs: THE WATER's RoLE IN Row PHYsICS

FLUID DYNAMICS IS A CORNERSTONE OF ROW PHYSICS, EXPLAINING HOW THE WATER INTERACTS WITH THE OAR BLADE AND THE
BOAT’'S HULL. THE OAR BLADE ACTS AS AN AIRFOIL WHEN SUBMERGED, AND ITS EFFICIENCY DEPENDS ON THE ANGLE OF ATTACK
AND THE WATER FLOW. W/HEN THE BLADE IS ANGLED CORRECTLY, IT CREATES A PRESSURE DIFFERENCE, PUSHING WATER
BACKWARD AND THUS PROPELLING THE BOAT FORW ARD. TURBULENCE/ CAVITATION, AND THE FORMATION OF VORTICES AROUND
THE BLADE CAN ALL REDUCE EFFICIENCY. UNDERSTANDING THESE PHENOMENA ALLOWS FOR THE DESIGN OF MORE EFFICIENT OAR
BLADES AND FOR ROWERS TO ADJUST THEIR TECHNIQUE TO MINIMIZE ENERGY LOSS.



THE HULL OF THE BOAT ALSO INTERACTS DYNAMICALLY WITH THE WATER. THE SHAPE OF THE HULL IS DESIGNED TO MINIMIZE
DRAG, BOTH FRICTIONAL DRAG (FROM THE WATER RUBBING AGAINST THE HULL) AND WAVE-MAKING DRAG (THE ENERGY LOST IN
CREATING \X/AVES). DIFFERENT HULL DESIGNS ARE OPTIMIZED FOR DIFFERENT WATER CONDITIONS AND BOAT TYPES. THE
INTERACTION BETWEEN THE BOAT'S HULL AND THE WATER IS A COMPLEX INTERPLAY OF HYDRODYNAMICS, AND IT'S SOMETHING
THAT ROWING COACHES AND NAVAL ARCHITECTS CONSTANTLY STUDY TO IMPROVE PERFORMANCE. EVEN THE SUBTLE EFFECT OF
THE WAKE CREATED BY THE BOAT CAN INFLUENCE THE FORCES ON THE OAR BLADES.

DrAG FORCES ON THE HuLL AND BLADES

THERE ARE SEVERAL TYPES OF DRAG THAT AFFECT A ROWING BOAT. FORM DRAG, OR PRESSURE DRAG, IS CAUSED BY THE SHAPE
OF THE HULL AND THE PRESSURE DIFFERENCE BETWEEN THE FRONT AND BACK OF THE BOAT. FRICTIONAL DRAG IS DUE TO THE
VISCOSITY OF THE WATER RUBBING AGAINST THE HULL'S SURFACE. INDUCED DRAG IS A BYPRODUCT OF LIFT GENERATION, WHICH
IS LESS OF A FACTOR IN TRADITIONAL ROWING BUT CAN OCCUR WITH IMPROPERLY ANGLED BLADES. FOR THE OAR BLADES, THE
PRIMARY DRAG IS CAUSED BY THE WATER BEING DISPLACED AND PUSHED BACKW ARD. MINIMIZING ALL THESE FORMS OF DRAG IS A
CONTINUOUS EFFORT IN IMPROVING BOAT SPEED.

HybroFolIL EFFECT AND VORTEX SHEDDING

THE OAR BLADE, WHEN ANGLED CORRECTLY, CAN ACT SOMEWHAT LIKE A HYDROFOIL, GENERATING LIFT THAT CONTRIBUTES TO
PROPULSION. I‘IO\Y/EVER, IF THE ANGLE IS TOO STEEP OR THE SPEED TOO HIGH, IT CAN LEAD TO CAVITATION, WHERE POCKETS OF
LOW PRESSURE CAUSE THE WATER TO VAPORIZE, SEVERELY REDUCING THE BLADE'S GRIP AND EFFICIENCY. AS WATER FLOWS
PAST THE OAR BLADE, VORTICES (S\X/IRLING MASSES OF \X/ATER) CAN FORM AND SHED FROM THE EDGES. THE NATURE AND SIZE
OF THESE VORTICES CAN IMPACT THE EFFICIENCY OF THE STROKE. UNDERSTANDING THESE MICRO-LEVEL FLUID DYNAMICS CAN
HELP REFINE THE ROWER'S TECHNIQUE FOR MAXIMUM OUTPUT.

BIOMECHANICS OF THE ROWER: EFFICIENCY IN MOTION

BIOMECHANICS IN ROW PHYSICS FOCUSES ON THE HUMAN BODY AS A SYSTEM OF LEVERS AND FORCES. THE ROWER'S GOAL IS TO
GENERATE THE MOST POWER WITH THE LEAST AMOUNT OF WASTED ENERGY. THIS INVOLVES OPTIMIZING POSTURE, THE
SEQUENCING OF MUSCLE ACTIVATION, AND THE EFFICIENCY OF MOVEMENT THROUGH THE “ARC"” OF THE STROKE. THE
COORDINATION BETWEEN THE LEGS, CORE, AND ARMS IS PARAMOUNT. ELITE ROWERS HAVE A HIGHLY REFINED SENSE OF TIMING
AND PROPRIOCEPTION, ALLOWING THEM TO FEEL THE RHYTHM OF THE BOAT AND THE WATER, AND TO APPLY FORCE PRECISELY
WHEN AND WHERE IT'S MOST EFFECTIVE.

THE CONCEPT OF “"SWING” IN ROWING REFERS TO THE COORDINATED MOVEMENT OF THE ROWER'S BODY BACKW ARD AND
FORWARD. A SMOOTH AND CONTROLLED SWING ALLOWS FOR THE EFFICIENT TRANSFER OF POWER FROM THE LEGS THROUGH THE
TORSO TO THE OAR. POOR SWING CAN LEAD TO ROCKING MOTIONS IN THE BOAT, WHICH WASTES ENERGY AND INCREASES DRAG.
FLEXIBILITY, CORE STRENGTH, AND PROPER TECHNIQUE ARE ALL CRUCIAL BIOMECHANICAL COMPONENTS THAT CONTRIBUTE TO A
POWERFUL AND EFFICIENT ROWING STROKE. THE BODY'S ABILITY TO REMAIN BALANCED AND STABLE WHILE GENERATING
SIGNIFICANT FORCE IS KEY.

THE PowEer SEQUENCE: LEGS, CORE, ARMS

THE OPTIMAL BIOMECHANICAL SEQUENCE FOR POWER GENERATION IN ROWING IS: FIRST THE LEGS PUSH, THEN THE TORSO SWINGS
BACK, AND FINALLY, THE ARMS PULL. THIS SEQUENCE LEVERAGES THE LARGEST AND STRONGEST MUSCLE GROUPS FIRST, THEN
UTILIZES THE SMALLER MUSCLE GROUPS TO COMPLETE THE STROKE. DEVIATIONS FROM THIS SEQUENCE, SUCH AS INITIATING THE
STROKE WITH THE ARMS OR A DISCONNECTED BODY MOVEMENT, LEAD TO SIGNIFICANT POWER LOSS. MASTERING THIS SEQUENCE
REQUIRES PRACTICE AND A DEEP UNDERSTANDING OF HOW THE BODY'S KINETIC CHAIN WORKS.



ErRGoNOMICS AND STROKE ARC OPTIMIZATION

THE ERGONOMICS OF THE ROWING POSITION, INCLUDING THE HEIGHT OF THE SEAT, THE REACH OF THE OARS, AND THE ANGLE OF
THE FOOT STRETCHERS, ALL INFLUENCE HOW EFFECTIVELY A ROWER CAN APPLY FORCE. RowW PHYSICS CONSIDERS THE OPTIMAL
“STROKE ARC”—THE PATH THE OAR BLADE TAKES THROUGH THE WATER. DEVIATIONS FROM THIS IDEAL ARC, CAUSED BY POOR
BODY MECHANICS OR IMPROPERLY ADJUSTED EQUIPMENT, CAN LEAD TO REDUCED EFFICIENCY AND INCREASED RISK OF INJURY. THE
GOAL IS TO MOVE THE OAR BLADE THROUGH THE WATER IN A WAY THAT MAXIMIZES FORW ARD PROPULSION WHILE MINIMIZING
EXTRANEOUS FORCES.

ADVANCED CONCEPTS AND APPLICATIONS oF Row PHYsICS

BEYOND THE FUNDAMENTAL PRINCIPLES, ROW PHYSICS EXTENDS INTO MORE COMPLEX AREAS. For INSTANCE, UNDERSTANDING THE
CONCEPT OF “SET” IS CRUCIAL. SET REFERS TO THE BOAT'S ABILITY TO GLIDE SMOOTHLY THROUGH THE WATER WITH MINIMAL
EFFORT BETWEEN STROKES, POWERED BY ITS MOMENTUM. A WELL-SET BOAT MOVES EFFICIENTLY AND CONSERVES ENERGY.
COACHES AND ROWERS ALIKE ANALYZE STROKE TECHNIQUE NOT JUST FOR POWER, BUT FOR ITS IMPACT ON THE BOAT’'S RHYTHM
AND MOMENTUM, AIMING FOR A CONTINUOUS, EFFICIENT GLIDE.

THE STUDY OF ROWING ALSO INCORPORATES ADVANCED BIOMECHANICAL ANALYSIS USING MOTION CAPTURE TECHNOLOGY AND
FORCE SENSORS. THESE TOOLS PROVIDE INCREDIBLY DETAILED INSIGHTS INTO A ROWER'S TECHNIQUE, ALLOWING FOR PRECISE
ADJUSTMENTS TO OPTIMIZE PERFORMANCE. FURTHERMORE, COMPUTATIONAL FLUID DYNAMICS (CFD) SIMULATIONS ARE USED TO
MODEL THE COMPLEX INTERACTIONS BETWEEN THE OAR, WATER, AND HULL, AIDING IN THE DESIGN OF FASTER BOATS AND MORE
EFFICIENT OARS. THIS ONGOING RESEARCH CONTINUOUSLY PUSHES THE BOUNDARIES OF WHAT'S POSSIBLE IN THE SPORT.

THE IMPORTANCE OF BoAT “SeT”

A BOAT'S “SET” IS A MEASURE OF ITS EFFICIENCY AND MOMENTUM. A WELL-SET BOAT WILL GLIDE SMOOTHLY WITH MINIMAL
DECELERATION BETWEEN STROKES, INDICATING THAT THE FORCES APPLIED DURING THE DRIVE ARE EFFECTIVELY CONVERTED INTO
FORWARD MOTION AND MOMENTUM, AND THAT DRAG IS MINIMIZED DURING THE RECOVERY. ACHIEVING A GOOD SET REQUIRES A
COMBINATION OF OPTIMAL STROKE TECHNIQUE, PROPER BOAT TRIM, AND MINIMIZED RESISTANCE FROM THE HULL AND OAR BLADES.
IT'S OFTEN DESCRIBED AS THE “FEEL” OF THE BOAT RUNNING SMOOTHLY THROUGH THE WATER.

TECHNOLOGICAL ADVANCEMENTS IN ROWING ANALYSIS

MODERN ROWING BENEFITS IMMENSELY FROM TECHNOLOGICAL ADVANCEMENTS. HIGH-SPEED CAMERAS CAPTURE DETAILED STROKE
MECHANICS, WHILE SOPHISTICATED SENSORS EMBEDDED IN OARS AND BOATS MEASURE FORCE, ANGLE, AND VELOCITY. THIS DATA
IS THEN ANALYZED USING ADVANCED ALGORITHMS AND BIOMECHANICAL MODELS TO PROVIDE ATHLETES AND COACHES WITH
ACTIONABLE FEEDBACK. COMPUTATIONAL FLUID DYNAMICS (CFD) IS ALSO INCREASINGLY USED TO SIMULATE WATER FLOW
AROUND THE HULL AND OAR BLADES, LEADING TO MORE EFFICIENT BOAT AND EQUIPMENT DESIGNS. THESE TOOLS ALLOW FOR A
LEVEL OF PRECISION IN TRAINING AND ANALYSIS PREVIOUSLY UNIMAGINABLE, DIRECTLY IMPACTING OUR UNDERSTANDING AND
APPLICATION OF ROW PHYSICS.

THE WORLD OF ROW PHYSICS IS A TESTAMENT TO THE POWER OF SCIENCE APPLIED TO SPORT. BY UNDERSTANDING THE
INTERPLAY OF FORCES, THE NUANCES OF FLUID DYNAMICS, AND THE EFFICIENCY OF HUMAN MOVEMENT, ROWERS CAN UNLOCK NEW
LEVELS OF PERFORMANCE. |T’S A CONTINUOUS JOURNEY OF REFINEMENT , WHERE SMALL ADJUSTMENTS IN TECHNIQUE, INFORMED BY
SCIENTIFIC PRINCIPLES, CAN LEAD TO SIGNIFICANT GAINS IN SPEED AND ENDURANCE. THE ELEGANCE OF A PERFECTLY EXECUTED
ROWING STROKE IS A DIRECT MANIFESTATION OF MASTERING THESE COMPLEX PHYSICAL LAWS.



FREQUENTLY AskeD QUESTIONS ABOUT Row PHYsICS

QI How DOES THE SHAPE OF THE OAR BLADE AFFECT ROW PHYSICS?

A: THE SHAPE OF THE OAR BLADE SIGNIFICANTLY IMPACTS THE FORCES GENERATED. A WIDER BLADE PROVIDES A LARGER
SURFACE AREA FOR GRIPPING THE WATER, POTENTIALLY GENERATING MORE PROPULSIVE FORCE. HO\X/EVER, IT ALSO INCREASES
DRAG. BLADE SHAPE, INCLUDING ITS LENGTH, WIDTH, AND CURVATURE, IS DESIGNED TO OPTIMIZE THE LIFT-TO-DRAG RATIO,
ENSURING MAXIMUM FORW ARD FORCE WITH MINIMAL WASTED ENERGY. DIFFERENT SHAPES ARE SUITED FOR DIFFERENT BOAT TYPES
AND WATER CONDITIONS.

Q: WHAT IS THE DIFFERENCE BETWEEN DRAG AND RESISTANCE IN ROWING?

A: IN THE CONTEXT OF ROW PHYSICS, DRAG AND RESISTANCE ARE OFTEN USED INTERCHANGEABLY TO REFER TO FORCES
OPPOSING THE BOAT'S MOTION. HO\X/EVEE, WE CAN DIFFERENTIATE THEM SLIGHTLY. RESISTANCE IS A BROADER TERM
ENCOMPASSING ALL FORCES SLOWING THE BOAT DOWN, INCLUDING AERODYNAMIC DRAG (FROM WIND ON THE ROWER AND
BOAT), HULL DRAG (FROM WATER FRICTION AND WAVE MAKING), AND EVEN INTERNAL FRICTION WITHIN THE BOAT'S MOVING
PARTS. DRAG SPECIFICALLY REFERS TO THE FORCES EXERTED BY THE FLUID (\X/ATER OR AIR) ON THE MOVING OBJECT.

Q: How poes NewToN’s THIRD LAW oF MOTION DIRECTLY APPLY TO ROWING?

A: NEwTON'S THIRD LAW IS FUNDAMENTAL TO ROWING. THE ROWER APPLIES A FORCE TO THE WATER BY PUSHING THE OAR
BLADE BACKWARD. THE WATER, IN REACTION, EXERTS AN EQUAL AND OPPOSITE FORCE ON THE OAR BLADE, PUSHING IT (AND
THUS THE BOAT) FORWARD. THE EFFICIENCY OF THIS TRANSFER DEPENDS ON HOW EFFECTIVELY THE OAR GRIPS AND DISPLACES
THE WATER.

QI CAN | IMPROVE MY ROWING PERFORMANCE BY UNDERSTANDING ROW PHYSICS , EVEN
WITHOUT ADVANCED EQUIPMENT?

A: ABSOLUTELY! A CONCEPTUAL UNDERSTANDING OF ROW PHYSICS CAN DRAMATICALLY IMPROVE YOUR PERFORMANCE. BY
FOCUSING ON THE SEQUENCE OF YOUR MOVEMENTS (LEGS/ CORE, ARMS)/ THE ANGLE OF YOUR OAR BLADE IN THE WATER,
MINIMIZING UNNECESSARY MOVEMENTS DURING RECOVERY, AND UNDERSTANDING THE CONCEPT OF BOAT "SET,” YOU CAN BECOME
A MUCH MORE EFFICIENT ROWER, EVEN WITH JUST BASIC EQUIPMENT.

Q: WHAT ROLE DOES BERNOULLI’S PRINCIPLE PLAY IN ROW PHYSICS?

A: BerNOULLI'S PRINCIPLE, WHICH RELATES FLUID VELOCITY AND PRESSURE, IS INDIRECTLY RELEVANT. \WHEN AN OAR BLADE IS
ANGLED CORRECTLY IN THE WATER, THE WATER FLOWING OVER ITS SURFACE MOVES AT DIFFERENT SPEEDS, CREATING PRESSURE
DIFFERENCES. THIS CAN GENERATE A LIFTING FORCE THAT CONTRIBUTES TO PROPULSION. W/HILE NOT AS PRONOUNCED AS IN
AIRPLANE WINGS, THIS HYDRODYNAMIC LIFT IS A FACTOR IN OPTIMIZING OAR BLADE DESIGN AND ROWER TECHNIQUE.

Q: How DO WIND AND CURRENTS AFFECT THE PHYSICS OF ROWING?

A: \WIND AND CURRENTS ARE EXTERNAL FORCES THAT DIRECTLY INFLUENCE THE NET FORCE ACTING ON THE BOAT. A HEADWIND
OR A STRONG CURRENT AGAINST THE DIRECTION OF TRAVEL WILL INCREASE THE RESISTIVE FORCES, REQUIRING THE ROWER TO
APPLY MORE POWER TO MAINTAIN SPEED. A TAILWIND OR A CURRENT IN THE DIRECTION OF TRAVEL WILL REDUCE RESISTANCE,
ALLOWING THE BOAT TO MOVE FASTER WITH THE SAME POWER OUTPUT. ROWERS MUST CONSTANTLY ADJUST THEIR
TECHNIQUE AND POWER APPLICATION TO COMPENSATE FOR THESE ENVIRONMENTAL FACTORS.

Q: WHAT I1s “WASH” IN ROWING, AND HOW DOES ROW PHYSICS EXPLAIN IT?

A: "W/ ASH” REFERS TO THE DISTURBED WATER LEFT BEHIND THE OAR BLADE AS IT MOVES THROUGH THE WATER, OR WHEN THE



BLADE IS NOT FULLY SUBMERGED OR IS ANGLED INCORRECTLY. |T REPRESENTS ENERGY LOSS. ROW PHYSICS EXPLAINS WASH AS A
CONSEQUENCE OF INEFFICIENT WATER DISPLACEMENT. |DEALLY/ THE OAR BLADE SHOULD PUSH WATER BACKWARD CLEANLY,
CREATING MINIMAL TURBULENCE. EXCESSIVE WASH INDICATES WASTED EFFORT AND REDUCED PROPULSION.

QZ How DOES THE LENGTH OF THE OAR AFFECT THE PHYSICS OF ROWING?

A: THE LENGTH OF THE OAR, IN CONJUNCTION WITH THE POSITION OF THE OARLOCK, DETERMINES THE LEVER RATIO. A LONGER
OAR TYPICALLY PROVIDES MORE MECHANICAL ADVANTAGE, MEANING A SMALLER FORCE APPLIED BY THE ROWER AT THE HANDLE
CAN GENERATE A LARGER FORCE ON THE WATER. HO\X/EVERI LONGER OARS CAN ALSO BE HEAVIER AND REQUIRE A LARGER ARC OF
MOTION, POTENTIALLY IMPACTING STROKE RATE AND THE ROWER'S ABILITY TO MAINTAIN PROPER TECHNIQUE. IT's A TRADE-OFF
MANAGED THROUGH CAREFUL DESIGN AND ROWER SELECTION.
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