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The techniques of competitive swimming strokes govbe success of serious swimmers. The
concordance of techniques with principles of phgisiiiomechanics, and marine engineering
governs thepropelling efficiencywith which individuals perform. This presentatiatiempts to
cover some basic properties of a science of swignigthniques; at least those properties
against which there are no arguments. It is intédnideshow that there are reasons to do and not
to do movements in competitive swimming techniques.

Individual Variation

One frequently hears or reads of the suggestiansienmers should be taught to swim like a
particular champion or role model. Not only is thié in approaches to conditioning but it is
does pervade technique instruction. Hay (1993) edabout the pitfalls of trying to replicate
movement images displayed by successful athletes.idiosyncratic needs of individuals were
contained in thePrinciple of Individuality (Rushall & Pyke, 1991), an important factor that
pervades coaching in any sport. With regard tortegle, champions do exhibit action segments
that illustrate the application of a correct movemeprinciple but often only to have other
features of their stroking patterns exhibit incotreegments. To avoid copying poor technique
features a coach has to understand movement s@edgehysics principles and then apply them
to many varied competitive swimmers. When one amrsithe differences in lever lengths, the
origins and insertions of muscles, the shape a flow about the body, and the actual mind-set
that controls the application to swimming techniguié quickly becomes obvious that no two
swimmers should expect to look completely alike misZimming any competitive swimming
stroke. Copying the technique of a particular champswimmer, instead of only the correct
features of technique, is perhaps the most comnwm fof developing technique but
unfortunately it is wrong.

Understanding the physics, biomechanics, and mangaeering principles that are appropriate
for swimming techniques and then applying them atiifely is an essential characteristic of
correct coaching. The remainder of this presematidl cover some of the more important and
basic scientific principles that should be con®dewrhen instructing swimming techniques.

! An invited presentation at th& 4Annual Hall of Fame Coaches Clinic, August 28-3013 in Clearwater, Florida.
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Newton's Laws Are Always Present

Newton's three laws of motion are always represeimeny part of competitive swimming and
should be part of any discussion or analysis ofrswning techniques.

Newton's First Law. A body remains at rest, or gorgs to move in a straight line at constant
velocity, unless acted upon by a net external force

This law is most commonly used to explain eventt ttemonstrate a continued state (e.g., a
stationary ball on the ground) or a slowly diminrghmovement state (e.g., a train coasting on a
set of flat tracks). However, what is more use$utd ask the question why an entity is not in a
constant state of motion or rest. If that is askldn the forces that act on a moving object, such
as a swimmer, will yield important information albdwow to modify the motion of such an
object to yield a more efficient movement pattern.

In swimming there are forces that accelerate a swam for example the propulsive forces
generated by the power-phase in arm strokes, awdddhat negatively accelerate a swimmer,
for example, resistances and counter-productiveemants such as some forms of kicking (see
Figure 1 of lan Thorpe's kick). In competitive swnimg, competent performers speed-up and
slow-down in a cyclic manner to produce an osditatform of progression (see Mike
Barrowman's acceleration curve in Figure 2). Aslwal stages of some strokes there are no
obvious forces occurring which is termed an "irgag”. A common example is in "catch-up”
stroking in crawl stroke when one arm is extendwvérd and the other is recovering. At least
in that position no propulsive forces are being edeped despite unproductive kicking
continuing. The only active force is the enhanasistance created by kicking which decelerates
the swimmer.

Figure 1. lan Thorpe's kick at the time of breaghio the left. The
kick's force has a considerable vertical compoaedta troubling
horizontal component that would slow the swimmer.

What is a desirable conclusion from this intergietaof Newton's First Law is that propulsive
forces should be magnified and applied continuowshgl that resistive forces should be
minimized. That would result in a high level of 8pelling efficiency".

Newton's Second Law. The acceleration produced gt &xternal force is: (a) in the direction
of the net external force; (b) proportional to thige of the net external force; and (c) inversely
proportional to the mass of the body being accetzta

The major point of this law is that it governs #féects of forces. A force is composed of two
factors, mass and acceleration which leads toithgls formula:
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Force = mass x acceleration

Competitive swimmers need to apply forces to marevérd. The most obvious source of force
development would be in the power-phase of all atmokes and in breaststroke, also the kick.
Contrary to established dogma, kicks in the othezd strokes are not propulsive and therefore
should not be magnified. Kicks should only be sfy@nough to counterbalance forces not
developed in the direction of the intended linepafgression. In their purest form, propulsive
forces should be straight forward and horizontadbwiever, since humans are very imperfect
aquatic machines, some forces are developed that halarge lateral or vertical force
component. When that occurs, the horizontal fommaponent needs to be as large as possible
and in the direction of intended progression.

MIKE BARROWMAN

MAXIMIZES TIME IN
STREAMLINED POSITION

OUTSWEEP TURN |NSWEEP HAND/LEG RECOVERIES KICK AND STREAMLINE
0.150 T

METERS

-0.108¢

=0.365 b
0.000 0 650 1.300
Seconds
— . %- Z-RIGHT HIP a Outsweep of hands
b Beginning of insweep
---¥ Z-RIGHT SHOULDER ¢ End of insweep and beginning of kick recovery
d Beginning of kick and arm recovery

-«
/7'f_",ﬁ¢=ﬁ Head down, not ahead

4 025

2.0134

METERS/s

0 000 i =
0.000 0,630 1 300
Seconds

——V X-Center of Mass - Shoulder undulation 1.47 feet
<-=V: X-RIGHT HIP - Trunk angle 36.6 degrees
- Streamlined during kick

Figure 2. An analysis of Mike Barrowman's Gold Meesiaim in the 1992 Olympic Games in
Barcelona. The reader's attention is drawn to tieelaration curve graph (METERS/s). The
undulating nature of the velocity of the right laipd center of mass is clearly displayed.
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When force applications in swimming strokes are afficient the body will not perform
maximally and is likely to deviate from the line iotended progression (e.g., the exaggerated
shoulder and head lift in breaststroke; straight excoveries in crawl stroke).

Returning to the components of Newton's Second Laweeleration is required to generate
substantial force. Simply, that means the powesehaf arm strokes should accelerate rather
than being constant. If that is followed, the |atg®erce acting on the water will be at the end of
the power-phase, which stamps that part of thekstes being the most important (despite it
being one of the least emphasized features of ationa in the sport).

Acceleration requires that the arms provide ingrepforce. A hand that wobbles or suddenly
changes position in a power-phase of any strokis™kicceleration for a considerable portion of
the effective stroke. Figure 3 represents Alexamrgov's left arm path of propulsion (Cappaert
& Rushall, 1994).

Alexandre Popov's Left Arm in His Gold Medal 100m Race at the 1992
Olympic Games in Barcelona
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Figure 3. Alexandre Popov's left arm pulling path.

The left window shows the power curve of the pltlhas three peaks. The drop in power after
the first small peak coincides with a small chaafjdirection in the early pull (the red portion of
the second frame). From there, power is increasditithere is a sudden larger drop in power.
That coincides with the second "wobble" in Pop@u$. The second frame shows how uneven
was the pull that was analyzed. Power drops (rézhetin force) occur with seemingly slight
movements and are a very important feature to densvhen analyzing any stroke. Wobbles
that reduce power production are generally termestances of slippage”.

Secondly, propulsive forces should be in the lihentended progression. Swimmers who swim
to the lane lines as they progress are not confaymo desirable force production. Their
progression is reacting to the unbalanced foroeg dne generating.

Thirdly, there is little that swimmers can do téealthe mass factor in the force equation. To
maximize that feature the whole arm should be wewlin the propulsive phase as opposed to
the still commonly emphasized hand. Modern changpiose all the arms (the upper arm,
forearm, and hand) to create propulsive forcesliRilis2009).

Finally, the mass of a swimmer is not particulanhportant because of the total support of that
mass by the water. What is important is that theemmesistances and counter-productive forces
that are created, the greater is the contradietgainst the derivation of maximum benefits from

developed propulsive forces.
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Newton's Third Law. When a body exerts a force secnd body, the second body exerts an
equal and opposite force back on the first.

This law pervades every movement in swimming sts0Ké a propulsive force is directed
backward, the opposite force is sufficient to pftaewimmer forward. More importantly, is the
more complicated phenomenon of a swimmer being atgg in water where the central
rotation point is the Center of Buoyancy. The Cemtk Gravity is not that important when
suspended in water (see Figure®)e greater the distance between the Center of &wyyand
the Center of Gravity, the greater will be the angf float. For competitive swimming, a
swimmer who does not naturally float on the surfeca horizontal plane is lumbered with the
need to constantly develop forces that will aliga swimmer horizontally as well as attempting
to propel oneself forward.

THE ROLES OF THE CENTERS OF BUOYANCY AND GRAVITY
IN DETERMINING HOW A SWIMMER FLOATS

Buoyant force acting
through the Center of|
Buoyancy

Gravitational force acting
through the Center of

Gravity

State of floating
equilibrium where
the Buoyant and

Gravitational The distance between
forces are the Centers of Buoyancy
aligned and Gravity determines

the angle at which the

swimmer floats

Figure 4. The ideal position for floating is honetal (the top
figure). However, because the centers of buoyandynaass are
not aligned a horizontal position is unnatural. Doey rotates
until it reaches an angle where the two centerslégaed. That is
the natural floating angle.

Of particular importance to swimming coaches is tteghniques are corrected. Since swimmers
are suspended either side of the Center of Buoyahaytechnique change is advocated on one
side of that flotation point, there is likely to beeaction movement on the other side. Often that
leads to a correction being advocated only to agwvahother fault as a result of Newton's Third
Law. In some cases, two counteracting forces catelieloped on the same side of the Center of
Buoyancy. For example, if the height of the headudter lift in breaststroke is reduced, the
need to angle the arms in their propulsive phaselévelop the force component to cause the
lift) should be reduced because not as much véfooee would be needed. Those "on-the-same-
side" counterbalancing forces will occur and hattéelto no effect on the movements on the
other side of the Center of Buoyancy.
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Figure 5 illustrates how counterbalancing movemeats occur on the same side of the Center
of Buoyancy. This is typical of what happens inaststroke and butterfly stroke.

The most obvious and desirable example of this isatihe greater the force developed by the
arms in the propulsive phase, the greater wilheestvimmer's progression forward.

This very brief explanation of the relevance of Naws Laws for swimming does not do justice
to the importance they have for understanding swirgrtechniques. Newton's Laws pervade all
human movements and cannot be ignored when desgrii analyzing competitive swimming
techniques. To not consider them is an intellecadfie.

AN ALTERNATIVE CONSEQUENCE OF RAISING THE HEAD
OR SWIMMING WITH THE HEAD LOOKING FORWARD

. . Head
Force created by head lift has verttcal/ fores

and horizontal force components

D

The hands press down and slightly backward
lo counterbalance the rising head. This negates
any leg reaction but sacrifices the arms from

developing productive propulsion Arma force

——p» LINE OF SIGHT

Figure 5. Counterbalancing movements on the satieeadithe Center of Buoyancy.

Forces that Slow Swimmers

The forces that slow swimmers are termed "resissihdResistances can be increased when a
swimmer does any of three actions: 1) increasestiniace of the swimmer in contact with the
water; 2) increase the angle of the body and liagthey travel through the fluid; and 3) collide
with and create waves in the water. For each o$ehactions, there are passive and active
components.

Surface Resistance

Figure 6 illustrates three common consideratiormutiBurface resistance. The amount of body
surface that is in contact with water governs #mstance that exists in a swimmer. The greater
the surface area contacting the water at a paaticuglocity of the fluid in relation to the
swimmer, the greater is the resistance. As therpssgof a swimmer through water increases, so
does the retarding effect of the surface resistaiite relation between the velocity of a
swimmer and the amount of resistance through seinfesistance is linear. It is in a swimmer's
interest to keep surface resistance to a minimutmeMthe slight roughness of the body/apparel
traps a thin film of stationary water on its sugagesistance is minimized because essentially the
body is "lubricated" so that water slides on watdrere have been some efforts in swimming to
manipulate the surface of a swimmer to reduce serfasistance. Usually, they have involved
modifying passive resistance.
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SKIN WITH HAIR, ROUGH SUIT

Eddies (turbulence) absorb
energy resulting in higher
frictional resistance.

SMOOTH SKIN BEUT WATER
REPELANT (OILED) SURFACE
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the friction ofthe water on the skin.
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Figure 6. Some common concepts of surface resstanavimming.

Shaving was used to reduce surface roughness amdfdre, the amount of water

dragged along with a swimmer (Sharp & Costill, 1,98990). However, many coaches
used this phenomenon in error. Most of a swimmedado slide through the water with

the least resistance possible. However, the priveussirfaces of the arms should not be
slippery, but rather should "grab" the water to ltighest possible level. It would then be
counterproductive to shave the arms for competgivenming races. Few coaches take
that phenomenon into consideration.
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* Swim suits also modified the surface of swimmerswedl as the area and profile
(Sanders et al., 2001). Once manufacturers "gaght" (Berthelot, 2010; Keul, Bieder,
& Wahl, 2010) such suits were banned. The retura targely skin-exposed swimmer
saw performances drop back for a brief period bentto gradually march forward along
an expected gradient of improvement.

» At various times lotions and oils have been appitedxposed skin ostensibly to increase
a swimmer's slipperiness with water. Usually, therease in surface tension on the
swimmer was a greater force than the friction ofewvan the skin. In that case no benefit
is derived.

» Streamline is the most significant factor affectipgssive surface resistance. As water
streams over the body, where there are bumps alldwmsoin a physique, slightly
turbulent pools form which negate any appreciab$éstance in those areas of the body.

Active surface resistance involves augmenting tivtase area of a swimmer. The commonest
manifestation of increasing surface resistanca the execution of a "catch-up" stroking pattern
in crawl stroke. When one arm is extended forwaittiaut moving in a productive manner, the

surface area of the swimmer is increased and caesdy, so is surface resistance. The
phenomenon of increasing surface resistance gisesa a technique principle:

If an arm moves slowly or is stationary in a strakpattern, surface resistance will be
increased:

And the corollary is:
No arm should be stationary or decelerated in tkecation of competitive swimming strokes.
Frontal (Form or Cross-sectional) Resistance

The cross sectional area of a swimmer is the wilitestal profile. It usually is not the leading
edge or surface feature of the object but the Kést' visible perspective. In the illustrations of
swimmers below in Figure 7, the cross-sectionah aseequal to the total frontal view of the
swimmers. For example, in the left pictuke the cross-section would be what could be seen of
the swimmer (the face, chest, shoulders, etc.) front on, but not the parts that are hidden or in
the cross-section's "shadow" (the legs). Althoulgh term "area" is used, it should not be
confused with the surface area of the object.

The main reason frontal resistance is very importarthat it creates turbulence behind the
swimmer. In such pools of eddies, the pressuresis than in the undisturbed water immediately
before the swimmer. Consequently, there is a presgtadient from front to back which is
directly opposite the desired direction of proputsi

The principal action to minimize frontal resistangéo streamline, as illustrated in Figure 7. The
cross-section of resistance will never be elimiddiat it can be minimized. There are times in
strokes, particularly the breathing phases of listage and butterfly stroke when resistance is
momentarily increased in a dramatic fashion; thatetbeing during breathing. Figure 8

illustrates a former world-record holder in womet®) m breaststroke augmenting frontal
resistance at various stages in her stroke cycle.
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FORM (CROSS-SECTIONAL) RESISTANCE
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Figure 8. A former world-record holder in the worlseb00 m breaststroke augmenting frontal
resistance at various stages in her stroke.

Figure 9 illustrates a former Australian champi@thstroker augmenting her frontal resistance
with hip-sway caused by entering the hands toobkind and across the head. In good
backstroke, there should be an absence of anwldtigrmovement.

Figure 9. A former Australian backstroke champiocréasing frontal resistance by moving her
hips laterally, seemingly as a response to entehadiands across and behind her head.

In swimming, lowering the head and shoulders catiseships to rise making the swimmer
flatter. When reaching forward in crawl stroke ackstroke, elevating the shoulder girdle in the
horizontal plane produces a "thinner" swimmer. Waewimmer improves streamline, not only
is frontal resistance decreased but a second ealedffect of better fluid flow around the body
also occurs. Since a swimmer's head and body day@merate propulsive forces, it is very
important to minimize the resistances they creAteideal streamlined position is one that is
sustainable and most economical. A long narrow alvewimmer's position will reduce frontal
resistance to a minimum.

"Disruptions to streamline, such as breathing interfly and breaststroke, should occur in the
shortest time possible and to the least degreeilpess

Frontal resistance is more detrimental than surfasestance because the relationship between
frontal resistance and velocity is quadratic. Theoenes a time when so much resistance is
created by this resistive force, that no furthepriovement in swimming velocity is possible no
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matter how much extra effort is exerted or whaintre form is undertaken. In that state of
"terminal velocity" the sum of the resistances égjtiae sum of propulsive forces. Any further
effort to create force is counterbalanced by aixedly large increase in resistance.

For this form of resistance to be minimized, thiéofeing would be a sound coaching principle:
Swimmers should be streamlined for as long as plesat every opportunity in a stroke cycle.
Wave Resistance

When water is moved, waves are formed. Waves hawasthting effects on competitive
swimmers. There are two forms: 1) external waved tht the swimmer; and 2) swimmer-
generated waves.

External waves in competitive races are causedlsr swimmers or the swimmer him/herself.
Lateral waves coming from a swimmer (the swimmeeke) in the next lane can disrupt the
progress of a swimmer. However, if the swimmer asifoned so that the wave is slightly
behind the Center of Buoyancy, it can be ridderisorfed" in the manner that is commonly
called "drafting".

There is a wave that is pushed forward by a rasimgnmer, the "bow wave", and one that
follows, the "stern wave". When approaching a wide swimmer is hit by his/her own bow

wave bouncing off the turn-wall. When turning omitig boards, an attempt to partially kill the

bow wave has been made by perforating the boarhcgurWhen a turn is executed with

substantial speed, the early part of the returnraplves cleaving through the stern wave which
is still progressing forward on the previous lapeTeffect of the stern wave can be alleviated
partially by pushing off the wall and angling dowend. The size of both these waves is
proportional to the size and velocity of the swimmme

The bow wave, lateral (wake), and vertical waves @eated by the swimmer. They require
energy to be formed and so the larger they aregibater will be amount of energy stolen from
the swimmer [that is energy that might have beeedufr propulsion]. Streamlining and
reducing frontal resistance to a minimal amounl, a¥$o reduce the size of generated waves.

The vertical wave (or the "downward wave") deserspscial mention. In shallow pools, that
wave hits the bottom and reflects back upward lits the swimmer (usually in the legs) it will

cause further slowing. If a pool is deep enougé viave will have to travel further than when in
a shallow environment. The extended time for theatdl means that the wave will still rebound
but will miss the swimmer who has progressed beybedpoint where it reaches the surface.
Depending on the size and velocity of the swimmenimum pool depths are required to avoid
being slowed by one's own vertical wave. A genera of thumb for competitive pool depths is
for age-group swimmers, two meters, and for chanmgsigp elite swimmers, three meters.

Bow, lateral, and vertical waves are caused by mh&ng pushed away by a progressing
swimmer. When part of the head or body is aboventater line, the escape of the water is in
only three directions — forward, to the sides, down. However, if water were able to escape
over the top of the swimmer, then there would he ftirections in which waves would flow, all
being decreased by the addition of the extra essppen. To achieve that, as much as possible,
all non-propulsive segments of the swimmer sho@dsbbmerged. That requires the head and
shoulders in all strokes to be pushed down to bel Mith the hips. Water should flow over the
swimmer's head in crawl stroke, on the non-bregtltages of butterfly and breaststrokes, and
the face in backstroke. When swimmers are encodréméfly over the water" and to "pop up
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high" when breathing in breaststroke, the threeendvections are increased, resulting in an

unnecessary slowing of the swimmer.
WAVE RESISTANCE
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Figure 10. Aspects of wave generation in swimming

Figure 10 illustrates some technique features geaerate unwanted waves. The point being
made is that the energy for the wave formations esorfitom the swimmer. A change in

techniqgue to eliminate the erroneous movement setfg)eis the only coaching option.
Unfortunately, there are many aspects of competiwimming strokes that create waves. The
dissipation of energy from technique errors hasnbesvered extensively (Rushall, 2012). A
major technique error that usually is ignored osaunen a swimmer crashes back into the water
after breathing in butterfly stroke and breaststrdBther actions, such as smashing an entry with
straight arms in crawl stroke, kicking very harteapective of the demands to counterbalance
arm actions, all cause energy to drain from theyilogproduce movement of water. Such actions
are detrimental to a swimmer's progress and abibitysustain a desirable high velocity.
Generally, the greater the splash created by a mw@mmn any phase of a competitive stroke, the

greater will be the energy drain. From this feathexe emerge two principles:
The less the lateral wave height (wake) created bywimmer, the less is the effect of waves;
and

The greater the amount of splash created by a swimiime greater is the slowing effect on
forward progression.
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The relationship between wave resistance ("wavg'fliemd swimming velocity is cubic. That is
an extremely severe negative relationship on pesypa. It is very likely, that the inability of an
elite swimmer to improve in times is caused by wessstance created by unnecessary action
segments. Wave resistance is the most harmful fafrmesistance in competitive swimming,
despite it being the most ignored source of rastgtdy coaches.

The three forms of resistance briefly discussedrabeed to be minimized. If they are reduced,
swimmers will progress faster and/or for longeriqas at a particular velocity. They should be
the first priority for coaching technique becaulseytdo not require any more training or effort
on behalf of swimmers. They are purely teachablufes of technique and with their

minimization the skill and performances of swimmeit improve 2

Altering the Bow Wave in Competitive Swimmers

Heaviness in the lower body parts causes the whotBly system to angle downward until
forces are in equilibrium when the centers of mass buoyancy coincide. When the head and
shoulders are pushed down into the water, the lsyalio upward pressure tends to cancel out all
or some of the previous heaviness. When the heeaviered by water as a swimmer progresses
at high speed, there is the possibility it could &ke a bulbous bow on a large ship.
Hypothetically, the similarity is as follows.

The head-down position modifies the way the wdtexs around the body reducing drag, which
increases speed and/or increases a swimmer'ssafficof propulsion. When a considerable part
of the head is carried above the water line a b@avexforms in front of it and at a considerable
distance when at speed. The size of the wake eralatvaves increases as velocity increases.
When the head is down and covered, water flows theetop. The shoulders form a second level
of bow wave. If the flow over the head coincidegshwihe wave off the shoulders, the two
partially cancel each other and reduce the wakeréhand vertical wave components). When
cancelling-out occurs, the pressure distributioangfes along the body thereby reducing wave
resistance (Wikipedia, 2013).

Water flowing over a swimmer's head in crawl strake backstroke depresses the leading body
parts and keeps the swimmer streamlined. Whenehd s above the water surface, the wake
produced is augmented by the wake off the shoulder$read-down" position increases the
wetted surface of the swimmer which slightly elegatsurface resistance. As a swimmer
increases in speed, the bow wave increasingly iep#tk athlete's progression.

A crawl stroke swimmer with head covered benefibenf the cancelling-out effect only at higher
speeds. At any speed, the effect on streamlinerscthe visual effects, namely the bow-wave
and wake sizes, are altered more obviously at higlvenming speeds. It also is observed that at
arm entry in the two alternate strokes, the upper disrupts the wake near to and on the side of
the head. However, if the wake is viewed for a shiare and observed on the side where no
arm-entry occurs, changes in wake size can be adxber

Swimming with the head down and head and shoukitdesast level with the hips is a position of
desirable streamline and a way to reduce wavetaesis, particularly the bow wave and its
associated wake (lateral waves). This techniquasadent improves a swimmer's propulsive
efficiency by reducing resistance.

2 A coaching manual exists for altering swimmer téghes: Rushall, B. S. (20137 swimming technique
macrocycle Spring Valley, CA: Sports Science Associategpfhbrentrushall.com/macro/]
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Figure 11 illustrates an elite age-group swimmefgoming at 200 m race-pace with his head

submerged under the water. The bow wave recedie tehoulders when they are above water
level in recovery, the size of the wake off thewdder is reduced by the flow over the head, and
the overall wake height is smaller than when idéveloped by the head. These effects are
beneficial to competitive swimmers.

-SShoulder creates = Ax breaking_
= / bow wave - " shoulder bow wave

‘L"-‘_.- .<-"\'
Absence of bow wavé .
A at head

HEAD DOWN IN CRAWL STROKE

Small wake Effects on bow wave and wake

Figure 11. Effects of swimming with a submergeddhi@acrawl stroke swimming.
Cavitation

Cavitation occurs when water pressure is lowerddvb¢he water's vapor pressure, forming
bubbles of vapor. Cavitation is the formation opweacavities in water (small liquid-free zones
called "bubbles” or "voids") that are the conseaeeof forces acting upon the liquid. It usually
occurs when a liquid is subjected to rapid chamjesessure that cause the formation of cavities
where the pressure is relatively low. That can Bapphen water is accelerated to high speeds,
for example, when a swimmer dives into water omrawt stroke kick starts from above the
surface and slams down into water. Inertial cangitats the process where voids or bubbles in a
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liquid rapidly collapse producing a shock wave.rliaé cavitation is usually seen in swimming
as obvious splashes from where a swimmer's actisrehtered/cleaved the water.

When a volume of liquid is subjected to a suffithehow pressure, it may rupture and form a
cavity. Low pressures are behind a kicking legatiofving a diver after entry. This phenomenon
is "cavitation inception" and forms behind partsacdwimmer that have sufficient amplitude and
acceleration. The inception occurs by water beorgdd outward off an object which greatly
lowers the water pressure directly behind the abjafater quickly rushes back into the cavity
and is often met with the explosive forces of qmiag fluid vapor bubbles. The meshing of
those forces often causes a plume of water tosieeably in the air ("splash®).

Vapor gases evaporate into the cavity from the nvated so it is a low-pressure area and not a
vacuum. Low-pressure cavitation bubbles in a lidquedin to collapse due to the higher pressure
of the surrounding water. As the bubbles collajplse, pressure and temperature of the vapor
within increases. The bubbles eventually collamgsa minute fraction of their original size, at
which point the gas within dissipates into the sunding liquid via a rather violent mechanism
which releases a significant amount of energy ascanistic shock wave and visible light.

Figure 12 illustrates what happens when a swimnekskhard and fast in the belief that it adds
to propulsion. No propulsive forces are createdewis disturbed to a great deal being a mix of
cavitation and turbulence formation, and a greabwarh of energy is expended in this fruitless
action.

Figure 12. Kick-dominated crawl stroke in a fem204.2 USA Olympic Games
Trials qualifier.

Cavitation should be of concern to swimming coadbesause it can occur within the power-
phase of arm strokes. Very strong men, such as-boiliyers, often are able to pull their arms
through water with significant speed and accelenatHowever, although they may be very
strong, that strength is sufficient to move wated aause cavitation rather than "fixate" in the
water and propel them past the inappropriatelylé&bg&anchored arm”. It is possible to be too
strong when attempting to apply force in a fluidhal should seem odd because many coaches
attempt to build the greatest strength possibléheir swimmers despite strength not being a
determinant of success in female swimmers and tg anminor extent in male swimmers
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(Sokolovas, 2000). Since water is relatively "flegiwhen compared to other sporting
environments, the better strategy to improve peréorce is to develop greater areas of
propulsive surfaces. As swimmers have continueattoeve higher velocities swimming on the
water surface, there has been a change in whatigring with arm strokes, the arms being the
main sources of propulsion in surface swimming. IQfie years, concentration on the hands as
the propelling surface was initially advocated (@silman, 1968, 1970); then the propulsive
surface was expanded to be the forearm plus the (@eppaert in Troup, 1992); and finally has
reached the stage where the three segments ofrtheanstitute the ideal propulsive surface
(Rushall, 2009). Increased propulsion does not cfyora having the greatest strength possible
but from applying forces with the greatest propejlsurface possible so that cavitation does not
occur.

The greater the water depth at which the fluid Bre&on occurs, the less the tendency for

cavitation because of the greater difference batweeal pressure and vapor pressure. Thus, it
would be easier for a swimmer to cause cavitatiothe surface than at a depth of possibly two
meters (Marinho, Barbosa, Mantripragada, et all028ee below). After a brief period, once the

cavitation flow slows down again, the water vapdt generally be reabsorbed into the water.

Cavitation occurs frequently and easily in surf rawiing. Behind a broken shore wave, the
water is usually roiled and turbulent ("white wdjerconditions that support a lower fluid
pressure than in stationary water. When a swimitempts to propel him/herself in that type of
water, the arms slip through the water very quickhjile forward progression is very slow and
in some circumstances stationary as the water mpassthe swimmer. The ease with which
vapor pressure is reached in "white water" in i is because of the low gradient between the
water and vapor pressures. The only ploy to avawh sunproductive swimming is to remain
deep in the surf and swim underwater until the nigtéess disturbed and "greener"”.

The depth at which double-leg kicking is performed important. Marinho, Barbosa,
Mantripragada, et al. (2010) used a model to comtepth and measure drag coefficients and
forces at various depths. Table 1 contains thsinlte. The implication of their study was that the
deeper a swimmer performs double-leg kicking thelilhood of improved performance is
increased. The most likely depth in races is betwe&0 and 2.00 m, with post-dive kicking
being easier to perform at the greater depth. Toweisg effect of the water is reduced by ~40-
45% at those depths. When a swimmer is capablerédnming substantial (more than 10 kicks)
kicking after a turn, it might be advantageous @stpoff the wall at an angle that will take the
swimmer to a deeper orientation than if the offtvedl push was horizontal.

Cavitation and its associated splashes should b&ded in swimming strokes. If effort is
involved in generating cavitation it is wasted gyeand detracts from performance efficiency.

TABLE 1. DRAG COEFFICIENTS AND DRAG FORCES AT VARIGE DEPTHS FOR A
HUMAN MODEL (Marinho, Barbosa, Mantripragada, et, &010).

Depth 0.20 m 0.50 m 1.00 m 1.50m 2.00m 2.50m 28 0m

c Drag 0.67 0.62 0.53 0.44 0.36 0.30 0.2§
oefficient

FDrag 100.20 | 92.30| 8050/ 65.40 53.40  44.70  42.00
orce (N)
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Performing Exaggerated or Unneeded Actions 3

To achieve a high level of swimming efficiency, swmers need to perform only necessary
movements at the least possible magnitude. Exaiggeections consume energy beyond that
which is actually required for efficient progress.

Breaststroke breathing is a common exaggerated mene The higher the mouth is from the

water surface, the greater is the energy demabfti toe head, neck, and shoulders. As well, the
higher the movement the longer it takes to completeaction. That results in excessive energy
demands over an extended period. However, theréwarenther obvious negative aspects to
high-breathing movements in breaststroke.

* When a large portion of a swimmer is raised abbeenater surface, there is a large loss
of energy as the swimmer collapses back down imtoatater displacing a large amount
of fluid, the energy for its displacement comingnfr the swimmer. The provision of
energy to move water unnecessarily reduces thecitgpaf the swimmer to energize
actual progression in a race.

* When inhalation occurs close to the surface, the Wwave is small. The best inhalation
would be a thrust of the jaw forward through thevb@ave. That action presents a
narrow frontal area keeping the bow wave small. elav, the higher the head and
shoulder lift, the greater is the bow wave becdhedrontal area is increased. As the lift
goes higher, the height of the bow wave increasgsiting the swimmer to lift even
higher. The outcome of the exaggeration is théhatime of inhalation, the bow wave is
created by the frontal area of both shoulders &edchest. That is a relatively huge
resistance and is clearly seen when a large spiighe top of the wave is propelled
upward and forward. For a brief period, forward gression likely ceases causing an
excessive need for extra energy when forward pssgra recommences. The splash
created by the breathing action is an indicati@t the breathing action is excessive.

Butterfly recovery is another action that commoisyexaggerated. The recovering arms only
need to travel over the water. Excessive clearace®t required. As with any movement in

water, the higher an action occurs out of the wdter greater is the reactive downward force
(Newton's Third Law) and the greater is the amainwvater moved (and the greater is the loss
of energy to produce that movement). Not only iBigh recovery energy-demanding, it also
creates reactions in the swimmer's body (a deegeeltof the shoulders), legs (a larger kick is
required to counterbalance the higher recovery atat finish), and hips (the body's undulation
of the hips and shoulders increases in a detrihengmner). Undulations also move water

(energy-sapping) and are not of any movement fwath produces propulsion as it does in other
aquatic animals.

The above are examples of the detrimental effe€texaggerated actions. There are also
unneeded actions that consume energy, create aresgstand deplete a swimmer's energy
reserve. The most common examples are exaggerateohsabut pure actions that have no
capacity for generating forces that create prograsse also common.

® The factors discussed here are presented in gaseh in Rushall (2013).
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The breaststroke recovery that breaks the surfacheaarms are thrust forward is an unneeded
action. The harmful effects of the action are hesghd when the arm thrust forward is also
emphasized arbitrarily.

* When the arms are raised up and then "banged"ibtckhe water unnecessary drains on
energy reserves occur to create the vertical foil@exchieve the lift and to move water
upon return. The most expedient action is to rectlve arms underwater and directly
forward with minimal frontal resistance. Some calpoint to dolphins/porpoises
leaping out of the water as a sound reason to dofdhm of recovery. That is wrong.
Aquatic mammals need to break the surface to beeditt the rest of the time they
remain totally immersed. When forced to breatheytheed to be above the surface as
long as is needed to inhale and as high as needadoid inhaling fluid. There is no
commonality between the breaststroke arm-recovad/ aquatic mammals' breathing.
That is a false analogy and false reasoning.

* With the same erroneous breaststroke recoverye tbiten is an attempt to thrust the
arms forward as fast as possible. That has hamifiiedtts on a swimmer's progression. In
the thrusting action, there is an equal and oppdsitce created that is contrary to the
desired direction of progression (Newton's Thirdw)lalf the arms were stopped
suddenly and completely, there would be a trangfenomentum from the arms to the
swimmer, which is a brief benefit. However, if thands split when nearing the end of
the thrust that minor theoretical benefit wouldldgt. This spectacular but harmful form
of recovery is clearly a technique error createciynnecessary action.

A very common technique error that is caused by letaggeration and needlessness occurs
with kicking actions. Many coaches believe kickit@ be propulsive, which other than for
breaststroke they are not (Brooks, Lance, & SawRilOO; Deschodt, 1999; Rushall, 1999,
2013). Big kicks create an excessive drain on asmér's reserve of energy and create excessive
turbulence and resistance, which decrease therpaafae potential of a swimmer.

In crawl stroke, an unneeded/inadvisable actiomewith the "catch-up" or "overtaking” cyclic
arm pattern (Fernandes et al., 2010; Millet et2002; Schnitzle et al., 2008). The outstanding
fault of this action is that it develops a periodese there is no propulsive force. That constitutes
an inertial lag, where the only forces acting oe swimmer are resistances that slow forward
progression. The change from exaggerated slowingxémgerated propulsion is an extremely
costly transition in terms of energy consumptiomeTdrain on energy is somewhat akin to
driving an automobile by slowing down and speediny repeatedly (gas mileage drops
markedly). The catch-up stroke violates a desirak@mple of Newton's First Law.

The examples cited above could be avoided if knpvimciples of fluid mechanics and physics
were applied. Not knowing what does and does nipt sweimmers to perform produces less than
desirable swimming techniques, which do not resulhe fastest or most efficient swimming.

To move toward the end of this presentation a fioalicism of coaching concerns the

relationship of technique and energy provision. #dahnique required to progress at a particular
velocity is dependent upon a unique provision argp. As velocities change, so do the nature
and amount of energy demands (Rushall, 2011). Tisaaebelief that technique is best taught at
slow aerobic speeds the fallacy of which has begosed (Rushall, no date). The outcome of
current knowledge in motor learning and neuropHggip is that racing techniques are best
taught at racing speeds. If that is followed, thergizing of the techniques to be used in races
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will be specific and appropriate. Consequently,clitéque work" practiced through slow
swimming, the use of drills, and with the employmeh devices are all erroneous practices.
They contravene what is known in science.

This has not been a complete coverage of the physm movement factors involved in

competitive swimming. Swimming is so unnatural foumans because the multi-jointed
structure with no obvious aquatic adaptations l¢adgery complex actions. A full analysis of

each joint's function would be a very challengirmgdemic task. However, taking care of the
more obvious features is a step in the right dimaecparticularly if it results in relevant and

minimizes or eradicates irrelevant actions.
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