Biomechanics
Research task 1 – Resultant Forces and Vectors
A biomechanician is concerned with forces acting on an athlete and or the equipment they use in order to define the performance characteristics of that athlete or equipment. The role of a biomechanician is to measure, with as much accuracy as possible these forces so they can provide advice regarding training, performance, reducing the potential for injury and the design / use of equipment. 
Forces are measured in Newtons (N or kgm-2) and when they have a defined direction are referred to as vectors. This is important in being able to summate forces and to determine their resultant effect.

Figure 1 - VectorsF =10 N (magnitude) 

Angle=30 degrees (direction) 




Figure 1 identifies that these forces have both magnitude (scalar) and direction and therefore are considered vectors. 
These vectors (2 dimensions are circular vectors whilst those in 3 dimensions spherical vectors) can be resolved in the 3 cardinal axis; frontal (horizontal - y), Longitudinal (vertical - Z) and sagittal (x) which can then be added together in order to determine the resultant vector. When working in two dimension, as will be case in this course frontal (horizontal – x) and Longitudinal (vertical – y ) are more commonly use. 
Figure 2: A - Biomechanical Cardinal Axis and planes	 B – Mechanics Cardinal axis[image: F:\AfN registration\YWcqO.png]
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Forces
Knowing the magnitude and direction of the applied forces allows the biomechanician to predict the movement characteristic of that object e.g. when a ball (figure 7) is kicked the foot applies a force which is translated into the ball the ball will then takes off in a certain direction with a certain speed – remember speed (scale or magnitude) and direction (degrees to the horizontal ground). 
Figure 3 – Starting characteristics of a ball kicked45 ms-1




250


However the ball has other forces acting on it which will affect its motion so the first stage of understand exactly what is happening to the ball is to draw a free body diagramme (figure 4).
Identify 3 other 3 that potentially act on the ball as it begins to move? and draw in their directions of application.
Figure 4 – Free body diagramme showing all the forces acting on a ball	

											

											
											
Summating or Resolving forces
To understand what happens to the ball exactly the biomechanician must resolve the resultant force and to do this they must directly measure or calculate each of the component forces. However all these forces act in different direct so in order to summate all forces are resolved in to their cardinal axis (for this course we will only consider the 2 dimension of x (horizontal) and y (vertical)).
So another way of considering the resultant force of the ball at this exact point in time is that it travels up and forward or vertically (+) and horizontally (+) (figure 9).
By measuring (video) the resultant flight characteristics of the ball we can then use trigonometry to work out the horizontal and vertical components of the ball. This information can then be used to determine flight characteristics, such as range, height and time of flight (these will be calculated in the practical on equations of projectile motion later in the course). 
Figure 5 – Starting characteristics of a ball kicked								                                        	Velocity v

				45 ms-1

		[image: ]	Velocity h
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Calculate the horizontal velocity of the ball?			    	 (remember units)
Calculate the vertical velocity of the ball?			   	

By resolving all forces (described in figure 8) into their vertical and horizontal components it is possible to add multiple forces together and find a resultant force vector.
Figure 6 – Forces acting on a ball				
					
								40N
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Calculate and then draw the resultant Force Vector i.e. the direction and forces the ball is travelling
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	



When these forces and other are applied to the object they bring about a change in the movement of that object but it should also be note that the object also has an effect on the force as described in motion Newton’s 3rd law.
Newton’s Third Law
‘For every action there is an equal and opposite reaction’
This means that when objects interact the magnitude of the force acting on one object is exactly equal to the magnitude of the force acting on the other but in the opposite directions – this is called the reaction force.
Figure 7 – Reaction forcesWhere; 
G=gravity which always acts directly downwards and is 9.81ms-2
M= mass of the object = 15kg

   R 

			

		
2mg N

What value is R?			
If the object is free to move then it will travel through space until it impacts another object or another force is applied. However often, such as in the musculo-skelatal system or in the use of equipment such as a golf club or tennis racket or bike pedal one end is fixed. In this case the object will rotate and cause a force call torque or moment force. 

Moment Force or Torque
‘The moment of a forces is the magnitude of the forces multiplied by the 	perpendicular distance between the application of the force and the axis of rotation’

Figure 8 – Moment forces45 ms-1
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				What is the moment force?		2m
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What is the moment force?		


Figure 9- Moment force of a bike pedal
[image: Image result for bike pedal torque]The angle of the pedal define the line of action of the force and therefore the lever arm and so the moment force or simply the applied force.
Moment force or the force on the down stoke on the pedal is;
M = Lever Arm x Force


What would be the performance effect of;
Increasing the length of the pedal crank?
												
Decreasing the length of the pedal crank?
												
(consider where the resistance is and where the application of effort is)

Figure 10 – Manipulation of equipment to improve torque
[image: F:\AfN registration\6150558268_12320d785f.jpg][image: F:\AfN registration\Crank-Length-600x362.jpg]

Give another example of how and why this information is importance for an athlete? 																																																		
Momentum
Once the object is in motion Newton’s first law state that the object will have an inertia an want to keep moving 
Newton’s first law states
“An object either remains at rest or continues to move at a constant velocity,
unless acted upon by a force”

therefore the momentum of an object will remain constant until an impact occurs (ignore air resistance).
In a stable mass situation momentum (p) is the vector quantity comprising the product of mass (kg) and velocity (ms-1).
p=mv		kgms-1 = kg x ms-1
Once impact occurs and according to Newton’s second law; 
“The rate of change of momentum of a body is directly proportional to
the force applied, and this change in momentum takes place in the direction
of the applied force”
It is therefore possible to determine the transfer of momentum and impact characteristic between two objects (see also coefficient of restitution). This is very useful in equipment design, cricket and baseball bats and in sporting performance such as snooker, football etc.
Inertia
The resistance of an object to changes in its position and or speed or
direction of motion.

If the object is rotating then it will have angular momentum which is the product of angular velocity and the moment of inertia.
Levers
If, as mentioned before one point of an object is fixed and the applied force is not directly through the axis of rotation then there will be a turning force. This turning describes and explains levers and leverage.
Understanding levers and leverage is vital to the sport biomechanics as it allow strategies to be develop that improve performance and reduce the occurrence of injury, it is only of the mechanical principles that allows the musculo-skelatal system to work. Understanding levers is also important in equipment design.
The are 3 classification of levers;
· First class - the joint lies between the effort and the load e.g. movement of the head
· Second Class - the load lies between the joint and the effort e.g. standing on tip toes
· Third class - the effort lies between the joint and the load – bending the elbow
Draw a representation and give an example in the human body of each class of Lever
Figure 11 – Classifications of Levers and joint in the body where they occur

           First Class Levers			Second Class Levers	  	   Third Class Levers










				          								


Stress and Strain
The transfer of forces from their initiation in the muscles through the body and possibly to equipment creates stress and strain within these structures. Too much stress in the bone, for example is likely to result in bone fractures, too much strain in a ligament may cause rupture. If the stress and strain is too great in equipment then that equipment will underperform or break.
The techniques used by a biomechanician would therefore be vital in reducing injury, optimising performance and designing equipment.
Stress is the force per unit area applied to a structure 		
Strain is the change in length divided by the original length		
If you weigh 75 kg and the cross-sectional area of your femur 4.4 x10-4 m2 and then stand on one leg what is the stress in the femur?																		 Nm2
If a tennis racket string has a cross sectional area of 4mm2 and hits a ball with 10 strings equally with a force 200N then what is the force in each string?															 Nm2
When the ball makes impact with the tennis racket strings the impact stress is as above however the string will stretch due to this impact, storing elastic potential energy and then return to the original length releasing kinetic energy. This change in length causes strain within the string. This value of strain is a ratio and therefore has no units.
If the string is 0.4m long and stretch by 0.07m what is the strain in the string?		
After impact or when the applied force has stopped the string should return to its original length. If it does so then this is called Elastic deformation (figure 17). If the string does not return to its original length then this is called plastic deformation (figure 17).
Understanding the magnitude of stress that results in plastic deformation allows you to identify the point at which the body or equipment fails. This relationship is called Young’s Modulus. 
Bone is considered viscoelastic which implies that its strength is dependent on the rate of loading; it is stronger when loaded rapidly rather than slowly, allowing us to withstand impact such as plymetric or falls.
Young's (elastic) modulus has units of pressure and its unit is therefore the pascal (Pa or N/m2 or kg·m−1·s−2).
                              		or  		
Where:
· E = the young modulus in pascals (Pa)	F = force in newtons (N)
· L = original length in metres (m)		A = area in square metres (m2)
· ∆L = change in length in metres (m)

Figure 12 A & B – elastic and plastic deformation
A
[image: ]

With reference to Fig 12A describe the implications to the bone shown in Figure 12B
																																																																							 
Figure 12B - 
[image: F:\2018-19 timetables\00171-1.jpeg]

Figure 17 – Young’s Modulus[image: ]
[image: ]


Approximate values for Young’s modulus (E)
Cortical Bone			17 GPa			[image: F:\PHd\References to file\Material+property-+charts_+modulus+-+density.jpg]

Cancellous bone		350 MPa		
Cartilage			12 MPa		
Meniscus			10-15 MPa		
ACL				98 MPa
MCL				366 MPa
LCL				266 MPa
Steel 				193 GPa
Plastic 				2 GPa 
Aluminium			70 Gpa
Wood (Pine)			10 GPa

In which equipment would you want a high E? and why?
A												
B												
C												

In which equipment would you not want a high E? and why?
A												
B												
C												

Energy
There are many type of available energy that may impact on human performance but from a biomechanical perspective it is Potential and Kinetic energy that are most important.
Kinetic energy (KE) is the energy stored in a moving object and is dependent on the mass and velocity of the object. Potential energy (PE) on the other hand is the energy stored due to an objects position and is determined by mass, distance and either gravity or the elastic spring constant.M=mass 
V = velocity
G= gravity
H = height
K = spring constant
X amount of compression / stretch


KE= ½ mv2
PEgravity = mgh
PEelastic = ½ kx2






Research & Experimental Tasks
(1) Take-off characteristics of a ball
Determine the take off velocity and angle of a football kicked over a distance of 30m between take-off and first bounce.

(2) Optimal take-off characteristics for standing long jump
Compare the take-off characteristic of 2 standing long jumpers.

(3) Comparison of forces in weightlifting
Measure the moment force required to how a 20 kg weight straight out from the body.

(4) Forces during an arm curl
Measure and calculate the force required to complete a dumbbell curl throughout the full range of motion (take 6 positions). Plot the force on a graph.

(5) Lower back forces during lifting
Calculate the load on the lower back when picking up a 20kg weight with straight legs and with knees / back bent.

(6) Energy in a thrown ball.
Calculate the kinetic energy in a ball thrown just after release.

(7) Energy in a ball dropped 
Calculate the potential energy in a ball thrown from height of 2.5m.

(8) Energy in a ball
Throw a ball and calculate the total energy in the ball at release. 

(9) Characteristics of a ball thrown
Define the characteristic (take-off angle and velocity, kinetic and potential energy) of a ball thrown 10m, 20m and 30m.
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