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A-Level PE
Biomechanics
[image: image38.png]1 Coaches use biomechanical analysis to help optimise performance. The diagram below is
incomplete. When complete, it should show three curves representing the following
parameters during a backward tucked somersault:

@ angular momentum
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® angular velocity.
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[image: image2.png]3.2.2 Biomechanical movement

‘Students should develop knowledge and understanding of motion and forces, and their relevance to

performance in physical activity and sport.

‘Students should have a knowledge and use of biomechanical defnitions, equations, formulae and
units of measurement and demonsirate the abilty to piot, label and interpret biomechanical graphs and

diagrams.

3.2.2.1 Biomechanical principles

Content Additional information

"Newton's three laws of inear motion applied to.
sporting movements.

First law (inertia), second law (acceleration), thrd
law (action/reaction). Force.

Defintions, squations and units of example

Spesd, distance.

Height of centre of mass, area of base of support,
position of line of gravity and body mass.

Content Additional information

“Three classes of ever and examples of ther use
in the body during physical activity and sport.

Mechanical advantage and mechanical
disadvantage of each class of lever.

3.2.23 Linear motion
Content

An understanding of the forces acting on a
performer during linear motion.

Additional information

Gravity, rictional force, aif resistance, internal-
muscular force, weight.

Definitions, equations and units of vectors and
scalars.

Mass, weight, speed, velooity, distance,
displacement, acceleration and momentum.

“The relationship between impulse and increasing
and decreasing momentum in sprinting through
‘the interpretation of force/time graphs.




[image: image3.png]3.2.2.4 Angular motion

Content Additional information

‘Appiication of Newton's laws to angular motion.

Defintions and units for angular motion.

Angular displacement, anguiar velocity, angular
acceleration.

Conservation of angular momentum during
flight, moment of inertia and is relationship with
anguiar velocity.

3.2.2.5 Projectile motion
Content

Factors affecting horizontal displacement of
projectiles.

Addi

Factors affecting flight paths of different
projectiles.

‘Shot put, badminton shuttle.

Vector components of parabolic fight.

3.2.2.6 Fluid mechanics

Content Addi
'Dynamic fluid force. Drag and it

Factors that reduce and increase drag and their

application to sporting situations.

‘The Bemoull principle applied to sporting Upward It force (discus).

situations.

‘Downward it force (speed skiers, cyclists, racing

cars).
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Newton’s Laws of Motion
Newton’s First Law:

Every object will continue in its state of ______ or _______, in a straight line, unless acted upon by an external ______.

If an object is speeding up, slowing down and/or changing direction, then a force must be acting upon it – consider such forces and their effects in your sport:
[image: image26.png]



Newton’s Second Law:

The ___________ of an object is directly proportional to the _______causing the change, and takes place in the _________in which the force was applied.

Consider how, in terms of correct technique, maximum acceleration can be achieved in your sport:
[image: image27.jpg]



Newton’s Third Law:

To every _________there is an ________and _________reaction.

(eg drive backwards to move forwards / downwards to move upwards / left to move right etc.  Also consider that the reaction force (although opposite in direction) is equal in size therefore the size of the force applied determines the resulting movement)
[image: image28.jpg]
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How does this law apply to side-stepping? 
[image: image30.jpg]


THE MECHANICS OF MOVEMENT

Force
Definition:

__________________________________________________________________

__________________________________________________________________

A force might be internal or external.  In the human body, muscles act as internal forces, whereas the effect of gravity is external.

The effect that a force has on a body is influenced by three factors:

· _______________________________________  (measured in _______________ ).  The magnitude of the force refers to the weight of a body.  A muscle’s force is determined by the size and number of the fibres contained within any one muscle.

· ________________________________________ .  If a single force is applied to a body through its _____________________________________ the body will move in the same direction as the force.

· __________________________________________ .  Applying the force slightly off-centre will produce angular motion - e.g. hitting a snooker ball off centre will create spin.

Activity

In sport, a performer must gauge how much force to apply in any given situation.  Accuracy relies on good technique.  

Select a practical skill of your choice:

a)  outline common faults due to poor force application ________________________________________________________________

b)  what is the result of this poor technique ________________________________________________________________ 

c)  what coaching points would help to improve the skill ________________________________________________________________ 
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Be the Umpire!
[image: image33.jpg].
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Write your own answer: 
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
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CENTRE OF MASS

=
Task to tackle: Identify the centre of mass (com) of the following bodies: 
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FACTORS AFFECTING STABILITY

INCREASING BALANCE
1. Push a partner, who takes the following stances:

(a) Standing feet together

(b) Standing feet apart

(c) Bent down on hands and knees spread

(d) Standing on one foot

Rank each position, least stable to most stable below:

Least stable
1




2




3

Most stable
4

2. Stand against a wall with your back touching it. Touch your toes.

What happens?

Why?

3. In gymnastics, why is a handstand position a more difficult position than a headstand?

4. You have suffered a knee injury. The doctor provides crutches so that your body’s weight will not be supported by the injured leg. How do crutches provide a useful by-product of increased total body stability?

5. Why is it difficult to walk on stilts?

6. Decide on a sport and think of a situation when the performer needs to be stable. 

(i) Draw a pin diagram to show the position of the performer.

(ii) Draw a dot to show the position of the centre of mass.

(iii) Draw a line of gravity.

KEY POINTS:

	FACTORS
	TO BE UNSTABLE
	TO BE STABLE

	Size of base
	
	

	Height of Centre of Mass
	
	

	Points of Balance
	
	

	Position of Centre of Mass
	
	


 SHAPE  \* MERGEFORMAT 



	Vectors

Described in terms of size and direction
	Scalars

Described in terms of size or magnitude

	Weight


	Mass



	Displacement


	Distance



	Velocity


	Inertia



	Acceleration


	Speed



	Deceleration


	

	Momentum


	



Vector Diagrams







The mechanics of a corner kick 


1. Use a ruler and a piece of string to work out the distance and displacement of the corner kick.

2. The time taken between the strike of the ball and the arrival at its destination at the striker on the penalty spot is 1.03 seconds.  

Work out the average speed and velocity of the ball. Show your workings in the space below and then enter your answers into the table. Remember to convert your measurements from cm to metres using the scale above.  
	Distance
	Time
	Displacement (m)
	Average Speed
	Average velocity

	
	1.03 s
	
	
	


3. If the size 5 ball was swapped for a smaller size 4 what would be the impact on the inertia and acceleration of the ball (assuming that the application of force to the ball remained the same)? 
Acceleration Practical

1. Get an athlete to perform a 100-metre sprint. 
2. Place a student at 20-metre intervals and instruct them to drop their arm when the runner passes the line at the end of each interval. 

3. Use the ‘lap’ function on your stop watch to record the time (s) at the end of each of the 20-metre intervals.
4. Complete the table below. 
	Distance (m)
	0
	20
	40
	60
	80
	100

	Displacement (m) 


	0.00
	
	
	
	
	

	Time (s)
	0.00
	
	
	
	
	

	Velocity (m/s-1)
	0.00
	
	
	
	
	

	Acceleration


	N/A
	
	
	
	
	



1. Define acceleration.
……………………………………………………………………………………………………………………………………………………………………………………………………
2. Is acceleration a scalar or a vector? Why? 
…………………………………………………………………………………………………………………………………………………………………………………………………….
Momentum teaser!
Who would you rather tackle? 







Impulse in 100m sprinting


Jodie Williams, GB sprinter. 




Acceleration, Impulse and Momentum in 100m Sprinting

	Distance (m)
	0
	20
	40
	60
	80
	100

	Velocity 
(ms-1)
	0.00
	6.9
	7.4
	10.0
	11.1
	10.0

	Time (s)
	0.00
	2.9
	5.6
	7.6
	9.4
	11.4

	Acceleration
(ms)
	0.00
	
	
	
	
	


1. Work out Jodie’s acceleration in the table above. [5] Remember acceleration = Change in velocity (Vf-Vi) / Time

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..
2. Jodie has a mass of 69kg. When will her greatest momentum occur? Calculate it. [2]

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..
3. Use your knowledge of Impulse to explain her acceleration/deceleration  at the following stages:

· Start of race

· Middle of race

· Finish 









[6]

…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..
Re-Cap Test

…………………………………………………………………………………………………………………………………………………………………………………………………….

…………………………………………………………………………………………………………………………………………………………………………………………………….

…………………………………………………………………………………………………

………………………………………………………………………………………………….

…………………………………………………………………………………………………………………………………………………………………………………………………….

………………………………………………………………………………………………….

…………………………………………………………………………………………………

………………………………………………………………………………………………….

…………………………………………………………………………………………………………………………………………………………………………………………………….

…………………………………………………………………………………………………………………………………………………………………………………………………….

………………………………………………………………………………………………….
Projectile motion

= Where an object or human body is being ‘projected’ through the air. 


3 factors affecting distance

	Angle of release
	Velocity of release
	Height of release

	
	
	




Parabolic flight paths and their vector components


1. Label the weight and air resistance acting on the shot put. 
2. Measure the angle of release. 

3. Why does the shot put take a parabolic flight path? 

4. In the space below draw and label the flight path of a shuttlecock. 

5. Explain why the shuttle deviates from the parabolic pathway. 

Re-cap: Newton’s Laws & Linear Motion
Explain how the performer in the sprint event is affected by Newton’s Laws of motion [3]
[image: image15.jpg]



…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….
Angular motion


So how do Newton’s Laws apply to Angular Motion? 

	
	Linear motion

(Straight line) 
	Angular motion 

(in a circle around a fixed point or axis) 

	Newton’s 

1st law
	
	

	Newton’s 2nd law
	
	

	Newton’s 3rd law
	
	






	Key terms in Angular motion: 

	Angular displacement


	

	Angular velocity


	

	Angular acceleration


	



Angular momentum




           


Practice makes perfect:

 Timed essay practice: Explain how a gymnast can alter the speed of rotation during flight (8) 

Plan your answer: 

…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

AO1 = 2, AO2 = 3, AO3 = 3
[image: image18.png]Marks for this question: AO1 =2, AO2=3 and AO3 =3

Students are expected to answer in continuous prose, use good English, organise information clearly
and use specialist vocabulary where appropriate

Level

Marks

Description

78

Knowledge is consistently accurate and well detailed.
Application of breadth or depth of knowledge is clearly evident

Analysis and/or evaluation is coherently and consistently made between
different relevant factors and their impact.

Relevant terminology is consistently used.

The answer almost always demonstrates substantiated reasoning, clarity,
structure and focus.

56

Knowledge is usually accurate and detailed.
Application of breadth or depth of knowledge is often evident

Analysis and/or evaluation is often made between different relevant factors and
their impact, and is usually coherent

Relevant terminology is often used

The answer usually demonstrates substantiated reasoning, clarity, structure and
focus

34

Knowledge is sometimes accurate with some detail
Application of breadth or depth of knowledge is sometimes evident

Analysis and/or evaluation is sometimes made between different relevant
factors and their impact, but may lack coherence.

Relevant terminology is sometimes used.

The answer occasionally demonstrates substantiated reasoning, but may lack
clarity, structure and focus

Knowledge may be limited
Application of breadth or depth of knowledge may be limited or not evident
There may be little or no analysis and/or evaluation between different relevant
factors and their impact.

Relevant terminology is occasionally used

The answer may lack substantiated reasoning, clarity, structure and focus.

No relevant content.





Part of a student answer might look like this: 
Rotation is a kind of angular motion where a force is applied to a body outside of its centre of mass/axis. If the gymnast tucks her arms and legs in to her body then she will be able to speed up her rotation (angular velocity). This is because changing her body shape in this way leads to a reduction in the moment of inertia. 


[image: image19]
2. Define the terms angular momentum, moment of inertia and angular velocity [3]

………………………………………………………………………………………………….

…………………………………………………………………………………………………………………………………………………………………………………………………….

…………………………………………………………………………………………………
3. Using sporting examples explain how knowledge of the application, size and direction of force can improve performance. [3]

………………………………………………………………………………………………….

…………………………………………………………………………………………………………………………………………………………………………………………………….

…………………………………………………………………………………………………

i) Drag force


	SURFACE DRAG
	SHAPE DRAG

	
	


How are surface and shape drag being limited in the swimming picture below? 

[image: image20.png]SWIMSUIT DESIGN - ﬂ

Extra room in the cap for longer hair  Cap designed not 1o wrinkle reduces drag  Cap and goggles desgned
10 work 100ether 10 reduce drag





Why is the technique of the swimmer on the right more efficient than the swimmer on the left?  [3]
[image: image21.png]



……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….
ii) Lift force

	Upward lift
	Downward lift

	E.g.s include: 


	E.g.s include: 



Use a pencil to show how the air flow over the flying discus creates an upward lift force. 


With reference to fluid dynamics, explain why Bradley Wiggins leans
forward over the handle bars when cycling [8]


……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….
Levers
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Re-Cap Test

…………………………………………………………………………………………………………………………………………………………………………………………………….

…………………………………………………………………………………………………………………………………………………………………………………………………….

…………………………………………………………………………………………………

………………………………………………………………………………………………….

…………………………………………………………………………………………………………………………………………………………………………………………………….

………………………………………………………………………………………………….

…………………………………………………………………………………………………

………………………………………………………………………………………………….

…………………………………………………………………………………………………………………………………………………………………………………………………….

…………………………………………………………………………………………………………………………………………………………………………………………………….

………………………………………………………………………………………………….
Practice makes perfect answers
1. Altering speed of rotation 
7 marks for 7 from: 

A. Changing the shape of the body causes a change in speed

B. Change in moment of inertia leads to a change of angular velocity/speed/spin of rotation/ angular moment;

C. Angular momentum remains constant (during rotation)

D. Angular momentum = moment of inertia x angular velocity

E. Angular momentum - quantity of rotation/motion

F. Angular velocity - speed of rotation

G. Moment of inertia - spread/distribution of mass around axis/reluctance of the body to move

H. To slow down (rotation) gymnast increases moment of inertia

I. Achieved by extending body/opening out/or equivalent

J. To increase speed (of rotation) gymnast decreases moment of inertia

K. Achieved by tucking body/bringing arms towards rotational axis

2.  Size, Application & Direction of force 
3 marks for: 

A. Size – the larger the force applied the greater the acceleration of the object / or opposite/ Newton’s 2nd Law/ must have suitable example e.g. larger force applied to tennis ball on serve will make it travel faster

B. Application – Force applied through COM (Direct force) results in linear motion/ Force applied outside of COM (Eccentric force) results in angular motion must have suitable example  e.g. if tennis ball is hit off centre this creates spin

C. Direction – Object will accelerate in the same direction as the force applied e.g. if upward force applied to the ball the ball will move upwards. 
3. Newton’s First and Second Law applied to dive from blocks

2 marks for 2 from : 

A. Force is applied by the muscles

Newton’s First Law of Motion/Law of inertia

B. Performer will remain on the blocks unless a force is applied

C. Performer continues to move forwards with constant velocity

until another force is applied

D. Water slows the swimmer 

2 marks for 2 from: 

Newton’s Second Law of Motion/Law of Acceleration

E. Mass of swimmer is constant

F. Greater the force exerted on the blocks, the greater the

acceleration/momentum

G. Force governs direction[image: image24.wmf]
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Question:


June 2010 Using ‘Newton’s First’ and ‘Second Laws of Motion’, explain how the swimmer dives off the starting blocks. (4 marks)








Student response:





When diving off the board in swimming your quadriceps muscles apply force to the board as the knees extend. If the swimmer has more powerful legs they will be able to jump further into the pool giving them an advantage over competitors (this is Newton’s 1st law). In swimming the harder you splash with your arms the faster you will glide through the water because the water pushes back on you. This is Newton’s second l law of reaction. 





Mark Scheme:


A. Force is applied by the muscles


Newton’s First Law of Motion/Law of inertia


B. Performer will remain on the blocks unless a force is applied


C. Performer continues to move forwards with constant velocity until another force is applied


D. Water slows the swimmer


Newton’s Second Law of Motion/Law of Acceleration


E. Mass of swimmer is constant


F. Greater the force exerted on the blocks, the greater the acceleration/momentum


G. Force governs direction
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Explain how the gymnast is able to hold this balance.





Explain, with reference to stability & balance, why this is a good rugby tackle.





�





�





Before you go further…..





Why is mass a scalar not a vector?








How can you measure change in velocity for a 100m sprint?
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3 top tips when drawing vector diagrams: 


1


2


3
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Scale 1cm:5m
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Show your workings: 
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Mass: 150kg


Velocity: 6 (m/s)         





� HYPERLINK "http://www.google.co.uk/url?sa=i&rct=j&q=sumo+wrestler+running+at+me&source=images&cd=&cad=rja&docid=5sikcF1JpIW6dM&tbnid=sFnABmpqQBlbLM:&ved=0CAUQjRw&url=http://www.youtube.com/all_comments?v=U7XW9CUhkQs&ei=58A5UaLVGKqb0QX944GwAQ&bvm=bv.43287494,d.d2k&psig=AFQjCNHlo2wy5r7EYJkezglDy3NKdMkJvA&ust=1362825771271578" ���
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Mass: 116kg


Velocity: 8.5 (m/s)         





� HYPERLINK "http://www.google.co.uk/url?sa=i&rct=j&q=how+much+does+ussain+bolt+weigh?&source=images&cd=&cad=rja&docid=wg-GR_TJSlL70M&tbnid=Au6zrwcIQuD1qM:&ved=0CAUQjRw&url=http://www.independent.co.uk/sport/olympics/athletics/the-science-of-sprinting-8005992.html&ei=Z8g5Uda4BOWa0QXrqoGgCQ&bvm=bv.43287494,d.d2k&psig=AFQjCNGUpp5jFbQ0prQJa39CtmoRrMttWQ&ust=1362827695690487" ���





Mass: 94kg


Velocity: 10 (m/s)         





TOP TIP:


Remember that momentum is measured in kg/m/s-1





Show your workings: 
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What is Impulse?
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Impulse at start of race: 





Impulse in middle of race: 
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Impulse at end of race: 





2


Mechanics





� HYPERLINK "http://www.google.co.uk/url?sa=i&rct=j&q=jodie+williams+100m+sprint+start&source=images&cd=&cad=rja&docid=mbF0xzatVSGP-M&tbnid=Bp3Bp0wdy91B-M:&ved=0CAUQjRw&url=http://www.dailymail.co.uk/sport/othersports/article-1296079/Shes-16-unbeatable-Meet-Jodie-Williams-British-sprinter--Moneylegs.html&ei=-us5UbiYLYO40QW0_oCoBQ&bvm=bv.43287494,d.d2k&psig=AFQjCNE6sKja2eAKUbotRgK-9wPDmv4-Pw&ust=1362836809267029" ���





2


Mechanics





Q1





Q2





Q3





Q4
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How does the angle of release differ for the flowing sports?





Long- jump








Basketball jump-shot








Shot put
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What is angular motion? 


…………………………….……………………………..……………………………..………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….























Sporting examples? 


…………………………….……………………………..……………………………..…………………………………………………………………………………………………………………………………………………………………………………………………………….
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LOW


…………………………….


……………………………..


……………………………..


…………………………………………………………………………………………………………………………………………………………………………………………………………….








HIGH


…………………………….


……………………………..


……………………………..


…………………………………………………………………………………………………………………………………………………………………………………………………………….














Moment of inertia = resistance of a body to angular motion (rotation)





� HYPERLINK "http://www.google.co.uk/url?sa=i&rct=j&q=gymnast+somersault+straight+body&source=images&cd=&cad=rja&docid=qoADPOkoxn6H6M&tbnid=srVwRPXD_lDIYM:&ved=0CAUQjRw&url=http://www.abc.net.au/triplej/25under25/smashinit/hayleytagell/&ei=8Nk9Ue2OA6qH0AWouoHQAw&bvm=bv.43287494,d.d2k&psig=AFQjCNHQ4ycjCNLx1drpynCrqvApNs97Ag&ust=1363094365767370" ���





� HYPERLINK "http://www.google.co.uk/url?sa=i&rct=j&q=gymnast+tuck+somersault&source=images&cd=&cad=rja&docid=R2DDefrRribR7M&tbnid=7XxEEwyiGiq-5M:&ved=0CAUQjRw&url=http://www.climbingframesuk.com/blog/2012/08/20/trampolining-olympics/&ei=PNo9UfWNNcXV0QWauIDIDw&bvm=bv.43287494,d.d2k&psig=AFQjCNGZWOkGRoo8II2a4P6sKDBOaN00ZA&ust=1363094454745951" ���
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What is angular momentum? 


…………………………….……………………………..……………………………..…………………………………………………………………………………………………………………………………………………………………………………………………………….























Conservation of Angular momentum
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Dynamic fluid force = 
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Bernoulli principle = 
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Q1





Q2





Q3
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