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Density of water
This assignment will be reviewing two swimming strokes. Front and back crawl are the swimming types that have been chosen. These will be assessed on the following statement “Water is 1000 times denser than air so when the body moves forward, the water resists its movement”. This essay will also address different types of drag or resistance that will be met during the chosen strokes. Resistances that will be reviewed are form, eddy, frictional and wave drag. Water can flow in two different ways these include laminar flow, which is where all the water molecules are moving in one direction making it easier to move through. The second type is turbulent flow, which is where the water rebounds and flows from all directions making it harder to move through. 
The first resistance mentioned known as form or profile resistance is the amount of body space the participant presents to the flow of water and the shape they assume. One of the major causes for the resistance to be stronger on the individual, is the participant will have their body too low in the swimming technique (phys.uaf.edu, 2000). This means the water has more surface area to resist and therefore it disrupts the flow of the stroke, making it harder to maintain rhythm and disrupt form. The reasons for this can be the individual does not use their lower body efficiently causing the weight of their quads and gluteus maximus to sink. Although it may seem the most effective way to reduce this resistance would be to have the body flat to the water surface.  Researchers like Cecil Colwin (1992) believe rotating the body within certain strokes like front crawl will reduce resistance, this is because the body area below the water surface is reduced. However the area rolling could create their own resistance and drag, this depends on the extent of the roll and how much resistance it could cause.
Eddy resistance or drag is considered to be a current. A current is defined as a body of water that moves in a particular direction compared to less water moving surrounding it (Schwarz, 1994). Eddy is considered to be a current because when a stroke movement is completed the water fills in the movement area behind the swimmer. This results in movement (like a pool of water) drawing anything surrounding it in and causing it to drag the swimmer back. This is because the water movement produced causes high pressure from the front, with low pressure tending to pull on the individual because of the flow of the water. It is important to note that eddy resistant’s is caused by poor technique and forms resistance but as phys.uaf.edu (2000) states “When a swimmer's hand enters the water a bound vortex forms around the swimmers hand and arm”. This is caused by the bodies of water surrounding the contact area being pushed away from its original area and the water molecules surrounding it filling in the area. The “vortex” only disburses when the hand is no longer within the body of water. [image: Image result for eddy resistance]
http://ffden-2.phys.uaf.edu/211.fall2000.web.projects/Tina%20Osness/Physics%20Project%20Resistance.html 
Frictional resistance is also known as skin resistance. This being the friction between the water and the skin of the swimmer. This resembles closely to form because if the form is poor more skin resistance is present.  The frictional resistance, as the name suggests is the friction caused within the water through the movement. Professional swimmers often use skin tight swimsuits to reduce this and shave body hair so the skin surface is smoother. The lower the friction the more slip stream and faster the individual can move.
[image: Frictional resistance]
http://coachsci.sdsu.edu/swim/bullets/forces4.htm 
The final resistance is wave drag. This particular resistance is evident at the surface of the water where waves can be created. The waves created cause resistance to the limbs moving above the surface such as the head. Vanell et al (2005) measured the difference in a mannequin being dragged along the surface and the mannequin being dragged submerged. It showed up to 2.4 times more drag because of the energy used to form the waves that brakes behind the mannequin. This was measured through the Froude number. The Froude number is a measurement of bulk flow characteristics such as waves at a cross section (fsl.orst.org, 2006).
The front crawl is a swimming technique that is considered to be the fastest stroke possible. With that considered it is important to minimise all resistances as much as possible to increase speed and efficiency. In terms of BLABT front crawl follows this system:-
· Body position- on front body nearly parallel to the water surface allowing both arms and legs to be pushing in the same direction rather than the legs working harder to keep the lower body up.
· Leg action- the kicking in this stroke is to be straight legged with pointed toes to help for a fanning motion. The swimmer must rotate their hips to kick and not bend the legs.
· Arm action- the entry of the arms is in front of the individual with arm slightly bent and fingers/palms pointing down for the catch of the water. The arms must remain in line with the shoulders to limit drag. The catch is only below the water’s edge where once the hand enters the water it is pulled down the body as if the swimmer is pushing something backwards close to their body (arm to be at 115 degrees). As the body rotates so there is less drag and further reach.
· Breathing- head rotates to the side to coordinate with the arm that’s out of the water. The mouth does not fully appear to leave the water and the head causes a bow wave that allows room for the swimmer to breathe without causing too much drag by lifting their head too far above the water’s surface. Breathing can be done through whatever system suits an individual this includes breathing every time their right arm leaves the water, this is known as conventional breathing (unilateral). The other type of breathing is taking a breath every third stroke this is known as alternate breathing (bilateral).
· Timing- the timing of the stroke depends on how fast they want to move and how far they have to go. This will make them pace their stroke and make it suit their breathing. 
Form drag is reliant on the body position, arms and legs of the participant. This is because the legs will enable the lower body to be almost aligned with the upper body making the water slip stream. The friction drag will be directly in contact with the upper body, head and arms. As mentioned previously rolling the body will eliminate some of the drag because not all of the upper body will be immersed in the water and the arm that is not in the water will lift the shoulder out creating less drag. On the other hand it is important to note that the opposite shoulder will be immersed and be causing slightly more resistance but not as much as both shoulders.
Eddy currents will be found at the back of the swimmer and can be a larger current if the legs are immersed too low in the water. This is because the water has a larger pool area and needs more water to fill the current. The eddy current is also present as previously noted at the point of entry for the arms. This is because the arms leave an area that pulls a current back due to the low pressure behind. This is only a low resistance but the more in line the shoulders are to the arm the smaller the current becomes.
Frictional is linked with form drag because it is about how much body space is presented to the high pressure water that the swimmer is pushing against. So the swimmer’s arms, upper body and head will all be influenced by friction drag, this is based on how slim lined the individual is and how the water flows off the skin. The body alignment will influence the flow of the water to some degree disbursing molecules causing the friction to be less on the lower body.
Wave drag is found mainly around the head and lower body. This is because the head and lower body come in direct contact with the water but stay slightly above water surface.. The middle of the back tends to fluctuate on the rotation causing the water to create waves on the hips. 

Backstroke is another stroke used within competitions. This means resistances should be as minimal as possible for the best possible performance. When looking at this stroke it seems very similar to front crawl in terms of lower body technique and alternate hand movement. In terms of BLABT backstroke looks like this:- 
· Body position- swimmers are lateral to the water surface on their back. The individual must move with head first towards the objective or movement. It is important to not swing the hips and ensure the hips and legs stay within the shoulder width. The body will rotate to reduce resistance like front crawl with the shoulder of the arm lifting out of the water. Rotating at maximum to 45 degrees for efficient loss of resistance.
· Leg action- being similar with the rotation at the hips. Legs are more dominant in the back crawl than the front and require a bit more of a whipping motion by the legs to both keep the lower body up and make up for the resistance the arms produce.
· Arm action- lead with your thumb as the arm comes out of the water rotate the arm through the circular motion of the shoulder. From this the individual leads with their little finger into the water to enter the water with less resistance. While in the water the palm must be faced down towards the back of the swimmer and rotated in the shoulders range of movement. To continue at step 1 again. (swimming.org, 2014)
· Breathing- unlike other crawls and strokes backstroke is the only stroke where the face is not submerged in the water. It is important to establish a breathing sequence so that there is a rhythm and the swimmer does not develop lactic acid. It is believed doing a unilateral breathing system benefits the individual.
· Timing- this also depends on pace set. The legs must work continuously with the alternating hands. The breathing is again set to the standard of the stroke. On every left or right hand submerge.
Form resistance is reliant on the hips being in line with the shoulder width because of the streamline it causes. The arms will also cause slight form resistance because the arms will be submerged with the shoulder. Eddy resistance will also be found behind the swimmer and in the arm entry. The friction drag can be considered similar but with  more friction drag through the back due to a larger surface area (kita, 2005). Wave resistance is found from the head and the hips and closely resemble the front crawl. 
Conclusion
Both strokes follow similar designs and techniques but the backstroke is harder to master as there is more resistance on the stroke. With the larger back area and arm movement effecting both form and friction drag. Both techniques have the same wave and eddy drags, because they share the same body alignment and similar systems of movement. With that being said a lot of people consider backstroke to be easier than front crawl because of less limitation on breathing (Barlowe, 2017) and the larger back muscles being used.  
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