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“Water is 1000 times more dense than air, so when the body moves forward through it, the water resists its movement”
Discuss the above statement in relation to ‘Front Crawl’ and ‘Back Crawl’ showing a sound understanding of the different types of resistance/drag, swimmers need to overcome.

Hydrodynamics is the study of propulsion and resistance, with swimmers aiming to maximise propulsive forces and minimising the resistance placed upon them. Resistance in swimming is “the effect of water upon the motion of a swimmer” (World of Sports Science). Passive Drag is resistance which the swimmer meets during their forward progress which is caused by the water, whereas the resistance against the force that the swimmer is exerting is known as active drag (World of Sports Science 2019). Tor et al. states that drag forces constantly act on the swimmer by slowing them down during the underwater phase of swimming (2015). As a result of this and the density of water, the efficiency of swimming is lower than for any other sport. 

There are four types of resistance which act upon a swimmer. The first is known as Form drag, also referred to as profile or frontal drag, which is the form of drag that has the biggest effect on a swimmer. The intensity of the effects of frontal drag which the swimmer may face, is determined by factors such as the shape the swimmer presents to the water and the surface area of the swimmer (Hall 2018). Friction Drag is linked to the roughness of the swimmers` body, with Hall stating how resistance can be created as a result of water molecules rubbing against the swimmers` body (2018). Friction Drag, also referred to as Viscous drag, contributes to a small amount of the total resistance acting upon the swimmer. In addition to these, Hall also mentions Wave Drag. This is caused by turbulence at the surface of the water, with Hall stating it is due to the swimmer being submerged but only partly (2018).  The final type of resistance swimmers face is Eddy Drag. This is caused by vortexes being created due to water turbulence by the swimmers` stroke technique (World of Sports Science 2019). 

Body Position
Front Crawl is the fastest and most efficient of all the swimming strokes as a result of it having the most streamlined body position. The stroke is the most advantageous due to a continuous propulsive force being applied backward by the swimmer allowing the swimmer to be propelled forwards. The aim of the body position of Front Crawl is to be as flat as possible by having the head remain in line with the body and being prone in the water. 
Key points of body position within this stoke include, eyes looking forwards and down within the water. The shoulders and hips of the swimmer should be close to the surface and should roll with the stoke, with the body rolling between forty-five degrees and sixty degrees. With the body being in a prone position, Clarys suggests that drag within this position whilst under the surface of the water was greater than at the waters surface (1985). Moreover, if the swimmers` legs are too low within the water and their hips are not close to the surface, Frontal Drag will be increased (Murphy and Bullock 2008). It has been suggested that any swinging from side to side within the water would result in a significant increase in profile drag. However, Bullock states that by looking at elite swimmers during front crawl it can be seen that they roll from side to side around the longitudinal axis, suggesting that this helps reduce resistance and enables them to extend their reach within the water which aids with the swimmers recovery during the stroke (2008). 

Body position in back crawl is similar to the body position required for an effective front crawl technique. However, back crawl is not as streamlined as front crawl due the knees of the swimmer sometimes breaking the water. In addition, whilst during front crawl the body is as straight as possible, when performing back crawl swimmers should be in a slight pike at their waist which helps stop the knees from breaking the surface of the water and causing more wave drag. The swimmer is in a supine position with their eyes looking up towards the ceiling and backwards down the pool, allowing their ears to be partially submerged within the water. Similarly, to front crawl the body should roll roughly forty-five degrees and the body should roll as one unit. Unlike front crawl, the head should not move and should remain in a stationary position. The head of the swimmer should not be too high out of the water however as this increases frontal drag (The Race Club 2019). Linked to this, if the head is held too high, the legs and hips of the swimmer sink (The Race Club) resulting in them losing their streamlined shape. In addition, poor head position not only increases frontal drag but also Wave drag as there is greater turbulence at the surface of the water (Race Club 2019). Therefore, it is vital that the swimmers head is at the correct angle to minimise the effects of these drag and allow the body to remain in a horizontal position with a slight bow at the waist. 

Both strokes are affected by Viscous drag which is also known as Skin Friction drag. To non-competitive swimmers, this type of drag doesn`t have a significant effect on performance. However, at elite level, swimmers are often separated by as small as 0.10s therefore, a small decrease in drag can have a significant effect on performance. With that in mind, viscous drag is the easiest to decrease with many swimmers shaving their arms and legs to be as smooth as possible. In addition, many swimmers wear suits which decrease the roughness of their skins surface decreasing the effect of the drag. The potential for a decrease in drag has become more accessible as there has been an increase in the production of suits which cover more of the body, with new suits lowering skin friction by between 10% and 16% in swimmers (Mollendorf et al. 2004). 

Leg Action
There are three main purposes of the leg action of a swimmer when performing front crawl. The legs can be used to balance the stroke, to generate propulsion with Deschodt et al. suggesting that leg action enhanced the generated propulsive force by aiding in the propulsive phase of the arm action (1999). The third purpose of the leg action is to help maintain a streamlined body position by helping to bring the legs close the surface which would help minimise resistance. Front Crawl leg kick is an alternation kick with a continuous up and down movement. This movement includes the use of the whole leg with the kick being initiated at the hip following through the knee and foot with the swimmers` ankle remaining flexible throughout the duration of the stroke. The kick is split into two parts; upbeat and a downbeat, with the upbeat being the recovery phase and the downbeat resulting in the propulsive phase of the kick. During the upbeat of the kick, the legs are to remain straight and relaxed to allow the swimmer full recovery, whereas during the downbeat the knees are bent and the lower leg accelerates to create propulsion. The toes of the swimmer should remain pointed and in toeing, which would result in a reduction in drag. If the athletes` foot is flexed beyond the 90 degree point the drag will increase (Kleanthous 1999). Kleanthous suggests that a swimmer`s kick should aim to help maintain balance within the water and that their legs should remain close to the surface and lifted to gain a higher body position (1999). If this is not achieved and the legs are too low within the water, the swimmer will experience a greater amount of form drag as the body is not streamlined but inclined instead. 

There are many similarities between the kick of performed during front crawl and the kick of back crawl. Like front crawl, backstroke kick is an alternating up and down with in initiating from the hip. However, unlike front crawl there bending at the knee is kept to a minimum to help maintain a streamlined body position with the majority of the body kept underwater. The whole leg action is split into two parts; an upbeat and a downbeat. However, for back crawl the upbeat is the propulsive part of the leg action with the downbeat aiding recovery. Any interference between the water and air creates forces which increase waves (Rushall 2004). This essentially is how wave drag occurs. During backstroke, if the knees break the surface of the water the surface is no longer smooth and undisturbed therefore effects of wave resistance are increased as the flow of water is now turbulent flow and swimmer will experience great amounts of resistance. Rushall states in his 2004 article on wave drag that “as velocity increases, wave resistance increases as the cube power of velocity.” He later mentions how if a swimmer`s velocity was to double, as a result the wave resistance would be eight time as great. It is therefore essential that the correct techniques are carried out and that the swimmer`s knees do not break the water surface but remain just below as this is the greatest source of wave drag. 

Arm Action
The arm action is the most propulsive phase of front crawl if performed correctly. Like the legs, it is a continuous and alternating action which can be broken into four sections known as Entry and Stretch, the Catch, Propulsive phase and the recovery. Key points of the first phase, the Entry and Stretch, include the hand entering with the fingertips and palm facing downwards and the elbow being bent. It is crucial that the arm remains in-line with the body and is extended straight forward to maintain a streamlined body position to decrease frontal drag. The second phase is the catch which is performed just below the surface of the water by a tipping of the swimmer`s wrist. During this phase the swimmer needs to ensure that they feel the water and are in a position to push the water backwards. It is important that the swimmer pushes the water backwards and not downwards as Newton`s third Law of Motion states that “For every action there is an opposite and equal reaction” (BBC Bitesize), therefore as the water is being pushed backwards the water will push the swimmer helping to propel them forwards. The Propulsive phase of the arm action can be considered the most important as it is what truly allows the swimmer to generate power in the water. During this phase swimmer`s aim to bend their elbow allowing the forearm to become more vertical within the water as Samson et al. suggests that propulsive forces are greater when the angle of attack is high. The hand travels under the head and remains within the body line throughout the whole movement. In doing do, it reduces frontal drag as the surface area of the body is kept to the minimum. The arm must remain straight out in-front to keep a streamlined body position to decrease eddy drag. When performing Front crawl an eddy vortex forms behind the swimmer. If the stroke is performed poorly the number of vortices will increase and the swimmer will be held back by the water (Physics in Swimming). 

Backstroke arms are slightly different to the arm action of front crawl. Similarities include the arms being continuous and alternating. However due to swimmer being supine, the arms cannot remain within the body line and must be pulled down to the side. This increases frontal drag as the body does not remain streamlined and has an increased surface area. Moreover, increased wave drag occurs as the shoulders roll during each stroke resulting more surface breakage. Again, the propulsive action during the movement is underwater where the arm performs the first and second upsweep. 

Breathing and Timing 
Breathing for backstroke should be regular as swimmer is supine and face is out of the water. However due to front crawl swimmers being prone in the water swimmer`s need to rotate, not lift, their heads to breathe and this should be co-ordinated with the body rotation. By doing this in time with the rotation it allows the body to remain streamlined limiting the effect of frontal drag. If the head is lifted out of the water, more wave resistance is created which slows the swimmer down. Timing is crucial in both strokes as by performing certain movements in time with the body`s rolling movement enable a streamlined position to be maintained in the water, lowering drag placed on swimmer. 

Due to water being 1000 times more dense than air, there is no doubt that swimming has decreased efficiency due to effects linked with various drags experience due to its` density. However, as long as strokes are performed correctly and efficiently, the effects faced as a result of drag can be limited and therefore swimmers can move through the water with increased ease. 
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