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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.

A swimmer’s success can be determined by the ability to generate propulsive force and the ability to reduce resistance to move forward. There are 4 main types of resistance drags which could affect swimmers during their strokes. These are form drag, eddy drag, viscous drag and wave drag. (Karpovich, 1933).

Hydrodynamics is the study of movement in water. There are several forces which act on a swimmer during their strokes. Firstly, there is thrust. This is in the horizonal direction and is provided by the arms and legs. This is the force which makes us go forward. We then have drag which opposes the motion and pulls us back. Vertically we have out weight which pulls us down. However, we have a force called buoyancy which acts in the opposite direction which helps us float. Buoyancy helps us to float due to the difference in the pressure exerted by the water depths. (Spathopoulos, 2013). Humans centre of buoyancy is the cheat as this is where the lungs are located. Swimming requires our bodies to float. As our bodies float it displaces a weight of fluid exactly the same as its own weight. This means a body will sink if is not big enough to displace the same amount of water as it does. (Keighley, 1986). Swimmers will accelerate forward if the propulsive forces are bigger than the resistive forces holding them back (drag).  
Form drag can also be known as profile or frontal resistance.  This is the main contributor to the overall resistive force that a swimmer will experience. This is a result of the space a swimmer takes up in the water and the shapes they present to oncoming water. Things such as lateral movement (moving side to side) will increase form drag significantly. Eddy drag is the movement of the water which fills the space behind the swimmer as it moves forward. This has a tendency to pull a swimmer back as the hole is filled with water. This will result in slowing the swimmer down because of the high pressure in front of them and the low pressure behind their bodies (Rushall et al, 1994). Viscous drag can also be known as skin friction. This makes the smallest contribution to the overall resistance that a swimmer will face during its strokes. However, it remains significant and is the only contributor to total drag in underwater swimming (Polidori et al, 2005). This is the friction between the swimmer’s skin and the water. As you go through water the water molecules are pulled along with the skin which created a frictional effect on the molecules. This can slow a swimmer down, but it depends on the roughness of the swimmer’s skin how much. If the skin is very rough, then it will slow them down more than if the skin was smooth. Competitive swimmers tend to shave their bodies as it can help reduce viscous drag. Sharp et al, 1998 suggest that there is a physical benefit to shaving as it reduces drag. Swimmers also tend to wear specific swimming clothing like tight fitted suits and swim caps. This is because they are very smooth, so they glide through the water and reduce drag. Finally, wave drag also can slow a swimmer down. Swimmers will experience wave drag when swimming at the surface of the water. This is because a wave is created. When swimming at a certain speed, wave height grows significantly with further speed increase. This suggests that wave drag cannot be neglected at high speeds (Toussaint, 2002). 

Front crawl requires you to be as streamline as possible. This means your body should be flat and straight. The top of the head should always be positioned on top of the water. This ensures that the water goes around the face and not over the head. Water levels should be among the hairline and the bridge of the nose. The eyes should be looking forward and down towards the floor. By being streamline it minimises form drag. This is a major contributor to the overall resistance force that swimmers will experience. Form drag is the resistance that is caused when an object is moving through water due to the rate of change of momentum of the fluid influenced by the object moving (Vogel, 1994). Similarly, back crawl requires you to have a supine, flat body which is as streamline as possible. When performing back crawl the head should be straight with your eyes looking up. By keeping this flat and streamline shape 
[bookmark: _GoBack]you minimise eddy drag as if you have a poor technique it causes water turbulence which creates drag and can slow a swimmer down. Both strokes require you to keep your head on top of the water. This can counter act the natural tendency of your lower body which tends to sink. This would produce greater swim resistance, when the swimmer raises their head to breath. It is suggested that in both of these strokes a rolling action of the body can be very beneficial as a rolling action along the longitudinal axis can minimise form drag. This is because it helps keep the body higher in the water. 

Front crawl requires the legs to be straight. This is to help maintain the horizonal body position which is needed for front crawl. By having straight legs this helps to keep the hips elevated. The leg kick also supplements propulsion and finally balances out the arm action. The legs should kick alternately up and down. The whole leg is involved in the kick action with your ankles being relaxed and toes pointed. Similarly, back crawl also requires your legs to be straight with an alternating up and down kick. The legs are the main contributor for making propulsion back crawl. By enhancing the propulsive force in the legs, it helps improve the propulsive force of the arm action (Deschodt, 1999). However, unlike front crawl where the whole leg is involved in the leg kick, back crawl requires the kick to start from the hip but a minimal bend at the knee. By following this it will help minimise form drag. It will also minimise wave drag as this drag is a result of when a swimmer moves their body in the water. The drag is smaller if you are streamlined position rather then a streamlined position so if you used your whole leg in backstroke the kick would be too big which would mean you won’t be as streamlined which would result a large drag. 

The arm action in front crawl is the main propulsive force of the stoke. This action is continuous and alternating. Arm coordination is very important in front crawl as the arms are doing different things at different times. There are three major patterns which are the catch up, the superposition and the opposite pattern. The catch up phase is the time between the propulsive phases, the superposition is the coordination pattern of the overlap in the propulsive phase of both arms and the opposite pattern is when one arm starts the pull the water backwards as the other arm finishes the pull phase (Potdevin et al, 2006). Back crawl also has a continuous and alternating arm action. It also has a pulling effect as your hand pulls the water down the body towards the feet. It is very important that when the hand is entering the water the little finger enters the water first and when it is coming out of the water the thumb comes out first. This is to minimise form drag as it is important to keep the frontal area which is presented to the water at a minimum. 

In front crawl the face is in the water. When confident, swimmers should be turning their head and breathing side to side. When breathing at the side you should lift your head it should just be a turn to the side. This is to minimise form drag as it has been suggested a rolling action can help minimise it. However, back crawl your face is out of the water so breathing should just be controlled and regular. 

Timing is very important in both front and back crawl. Both stokes have an alternating arm action and leg kick. The stokes should flow. If the arm or leg actions are not continuous and alternating, then it could result in an increase of form drag. 

To conclude, Swimmers will accelerate forward if the propulsive forces are bigger than the resistive forces holding them back which is called drag. If the stokes are performed correctly then the resistance will be lower than if the stokes are done incorrectly. 
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