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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 ‘Breaststroke’ showing a sound understanding of the different types of resistance/drag, swimmers need to overcome.

Through performing different strokes such as ‘front crawl’ and ‘breaststroke’, there are continuous forces and resistances that work together which make it difficult to move quickly through the water. The four most common types of resistance and drag are ‘Form, Profile or Frontal drag’, ‘Eddy drag’, ‘Vicious drag (Skin Friction)’ and ‘Wave drag’, which all contribute as forces in the water against a swimmer. However, there are multiple ways in which the athlete can overcome the various types of resistance and drag within the specific strokes. Learning about the mechanical structures of the different strokes and propulsion of the water, can be used to better an ability and allow a performer to move faster and lighter through the water, against the constant force. 

Body Position
When swimming the front crawl stroke, body position is key to moving quickly through the water during performance. ‘Form, Profile or Frontal drag’ is the most common contributor to the overall resistive force that is experienced when swimming with the front crawl stroke. Palmer describes and links this type of drag to the stroke explaining, as the swimmer “moves forward he moves the mass of water directly in front of his projected area along with him.” (1979, p. 69). Otherwise described as transferring all water alongside and then behind the body, creating momentum for the swimmer to move faster with an extra work being put in. In front crawl “the body should be as near the surface as possible” (Elkington, 1978, p. 45) and in a “streamlined, prone position” (Sellwood, 1991, p. 104) to reduce any water getting trapped beside the body, causing resistance and drag to the swimmer. To overcome ‘Form, Profile or Frontal drag’, it is beneficial if the athlete learns to roll the body throughout the stroke, also known as ‘Kinetic Streamlining’. Colwin says that this “refers to the synchronization of body and limb alignments aimed at reducing drag during the impulses of force”. (2002, p. 40). He continues by stating, “when the body rotates on its long axis in freestyle or backstroke, the water flows smoothly around the body”. (2002, p. 40). Newsome and Young also commented on the rolling technique, saying how “a rotated body cuts through the water more cleanly, producing less drag than a flat profile.” (2012, p. 64). It has been stated that the rolling action in front crawl is considered “to be one of the essential features of a good technique” (Palmer, 1979, p. 70) as well as help minimise the profile resistance and lessen the drag around the body. 

Within breaststroke, there is a resistance called the ‘Eddy drag’. The term ‘eddy’ is used by Palmer to explain “turbulent and whirls of water” behind a “sweeping hand” (1979, p. 72). It is described that a “streamlined object is one which, by design or by natural features, offers minimum resistance as it travels through a fluid medium such as air or water.” (Palmer, 1979, p. 71). When an athlete is preforming this stroke, an important and key point to remember is, “when one end of the body is providing the propulsive force the other should stay as streamlined as possible” (Furniss, 1991, p. 120) to stop any resistance and drag holding them back. Counsilman shows a figure of a person performing breaststroke with poor body positioning which “shows the swimmer moving through the water at a poor angle and creating excessive drag.” (1978, p. 94). When a swimmer’s streamlining is of a good standard, “the flow of fluid around the object is smooth and undisturbed, while a badly streamlined object creates disorder and eddies are formed.” (Palmer, 1979, p. 710.) Linked with the second figure by Counsilman, the athlete’s “hips and legs are higher and his body is in a more streamlined position”. This creates fewer eddies, giving less chance of the swimmer being held and almost sucked back by the eddy currents. As the swimmer moves forwards, the water fills behind the swimmer, creating a backwards motion drag.  

Competitive athletes of swimming also suffer from ‘Viscous drag (Skin Friction)’ which occurs between the water and the swimmers’ skin. “Viscosity affects a swimmer in such a way that the water molecules in direct contact with him actually adhere to his skin” (Palmer, 1979, p. 70), stating that the water molecules caught in the skin of the swimmers are being pulled along by the athletes when they swim, causing friction between the water and the person. Elite swimmers now wear tight fitted costumes made of smooth fabrics to reduce the drag through the water. 

Leg Action
A continuous action in the stroke front crawl is the work of the athlete’s legs. The two main purposes of the leg kick are to “bring the legs up high in the water and so reduce drag” and “to generate propulsion.” (Newsome and Young, 2012, p. 45). Elkington says that “the legs stabilise the body, maintain the body position and aid forward propulsion” (1978, p. 46) through the water, complimenting Palmer’s comment, the leg action “maintains the body in a horizontal position, creates propulsion, and balances the stroke” (1979, p. 119). The alternating leg kick in a vertical action and close together help “minimise resistance” (Elkington, 1978, p. 46) such as ‘Wave drag’ which is created when the athlete moves a body part, in this stroke, the legs, in a fluttering action, near the water’s surface which forms small waves. There are different techniques to overcome water resistance such as kicking from the hip. Newsome and Young suggest that “it takes less energy and keeps the body high in the water resulting in much lower levels of drag” (2012, p. 46). Another alteration and correction that can be made towards improving a swimmer’s performance is ankle flexibility. Stiff ankles with a lack of flexibility stick out, causing the athlete to be slightly out of the streamlined position and “creates resistance in itself” as well as “a lot of drag”. (Newsome and Young, 2012, p. 47). 

Swimmers preforming breaststroke use “the whip kick” as it is “preferable from the point of view of propulsion and streamlining”. (Elkington, 1978, p. 60). It is advised that the “recovery of the legs is streamlined” (Furniss, 1991, p. 121) to avoid creating a drag and lessen the resistance of the water. Palmer says that “experts were convinced that water was squeezed backwards as the legs closed, the reaction of which propelled the swimmer forward.” (1979, p. 187). On the main drive of the breaststroke kick, to create a bigger push, increase propulsion and speed up the drive, the dorsiflexed feet “snap together with the soles uppermost. The feet and legs should be extended and together on completion of the drive.” (Elkington, 1978, p. 62). Despite the large forces created during the propulsive stage in this stroke, it is the slowest of all competitive strokes, so the faster the movement into a streamline position is, the less chance there will be of any extra drag holding the swimmer back. Furniss says that the slight issue behind breaststroke is that “whilst the kick is propulsive, the recovery phase of the kick creates resistance” which causes a lower percentage of the kick to be beneficial to the swimmer than the original amount of force and propulsion being created. 

Arm Action
Elkington says that the arms during front crawl “propel the body and it is very important that maximum propulsion is obtained from them.” (1978, p. 46–47). The ‘catch’ and ‘pull’ of the arm stroke during this stroke, “develops between 85% and 100% of their propulsion” (Newsome and Young, 2012, p. 75) and therefore the main source of movement. Reasoning why the front crawl stroke is used in freestyle competitions, because it is the fastest of all common strokes. Throughout the propulsive pull in the arm stroke, Palmer notes that; 
“the fingers are positioned so that they move in the vertical and central plane of the body. Excessive movement of the hand across the central plane in either direction tends to introduce longitudinal body rotation and increase profile drag.” (1979, p. 124).
To develop the stroke further and improve the arm action in front crawl, the ‘sculling action’ is a development founded in the 1970’s after research showed that the pathways of the hands of an elite swimmer did not follow in a straight-line pull, but was made up of a range of different sculling movements. Colwin refers to this as a “vortex system” (2002, p. 93) and says “smoother and rounder directional changes are achieved more easily at submaximal hand speed” (2002, p. 93). The changing pathway of the hand into a sculling action, is so a smaller mass of water is moved, such as if the hand in action is constantly moving from disrupted water into ‘still’ water. This results in a more efficient way of propulsion and less likely to increase the drag force created. It is implied that an elite swimmer who has a natural feel for water “uses the hand to perform a dual function by directing and channelling the flow circulation while also applying propulsive thrust” (Colwin, 2002, p. 93), and so is able to travel forward, further and faster due to the lessened resistance around the swimmer’s body. 

During breaststroke, there are 3 main sections in which complete the arm pull, “pull, bend and glide.” (Elkington, 1978, p. 63). According to Furniss, “the purpose of the arm action is to create as much propulsion as possible by using the hands in a sweeping type movement against the water.” (1991, p. 122). Swimmers competing in breaststroke often experience ‘Wave drag’ due to the wide movement of both the arms and legs displacing ‘still’ water through the stroke’s movement, causing the water to become a drag to the athlete. Councilman suggests that to improve the arm pull and to develop extra strength in the arms, a swimmer must practice the arm stroke individually. He says that when practicing the breaststroke arm pull “it is a good idea to use some kind of floatation support to hold your legs in the same position” (1978, p. 101), such as a pull buoy. The built strength in the arms will overall improve the breaststroke arm pull and help the athlete overcome different resistances and drags faced in a competition environment. 

[bookmark: _GoBack]Breathing and Timing 
In connection to rolling the body to correct and improve body position, Newsome and Young comment that “all swimmers rotate a little more on a breathing stroke than on a normal stroke” (2012, p. 63). This doesn’t become an issue as rotation helps overcome aspects of resistance and ‘Form, Frontal or Profile drag’. However, if a swimmer breathes using the ‘unilateral breathing’ method - breathing on a single, preferable side, the rotation will become good on this side but poor on the other. Due to this reason, ‘bilateral breathing’ – breathing on an alternating arm stroke, is encouraged or the athlete will start performing a “lopsided stroke” (Newsome and Young, 2012, p. 63), becoming less resistant to the multiple drag forces within the water.

Breaststroke creates some ‘Wave drag’ not only due to the large arm and leg movement, but because the swimmer must fully lift their head out of the water in order to breathe. Elkington says that “this movement lifts the body slightly and thus ideal for an in-breath” (1978, p. 64), this bobbing up and down causes some disruption in the water, and creates small waves in the pool. Also, the eddy current can occur during breaststroke due to the timing of movement in the arms and legs being one after the other, swimmers may fail to move as fast through the water due to the high pressure in front of their bodies and low pressure behind them on the alternating arm pulls and leg kicks. 

Overall it can be clearly seen that there are multiple different types of resistance, drag and forces that contribute in different ways to various aspects of the specific strokes, front crawl and breaststroke. Slight developments in movements during a stroke can help improve the swimmer’s performance, such as a different approach to the front crawl arm using the ‘sculling action’, allowing the athlete to travel faster against the continuous force of the water.
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