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60 Questions
-SA, MC
- Any formula in lecture is fair game (ex: M=mv momentum is equal to mass times velocity, know definitions of al terms in equation) (higher momentum is harder to slow down, know units)
- Pencil, eraser, ruler

Overview:
General biomechanics
· What is biomechanics
The area of study wherein the knowledge and methods of mechanics are applied to the structure and function of the living human system
Mechanics- statics & dynamics
Statics- non-moving systems
Dynamics-kinetics & kinematics
· What is kinematics
Motion (position, Displacement-meters, velocity-m/s, Acceleration- change in velocity)
· What is kinetics
The cause of movement (study of the forces acting on a body that influences its movement) (reaction forces)
· Application of “bio” and “mechanics”
Basic movements- walk, pull run, push, etc…
Target movements- Daily, work, sport, etc…
Adaptive movements- Sport injuries, prosthetic, orthopedic, etc..
Efficient movement- minimal energy expenditure, performer to go longer, faster
MP (mechanical purpose) aka Overall performance objective (OPO) ex: Max distance vert, or horizontal, or accuracy with speed, etc.

Linear kinematics
· Motion
Linear displacement    vs.	Rotary displacement 
Motion in a line 		rotates due to a fixed point
1. Rectilinear		A. Fixed point
Straight-line path		axis of rotation
2. Curvilinear		B. Radius of rotation
Curved line path		Distance from any point to axis
 
· Distance, displacement: d
· Velocity (average, instantaneous):v
· Difference speed and velocity
· Acceleration (average, instantaneous):a
· Connection between d, v, a
· Projectile motion
· Equations of projectile motion
d=vi*t+1/2*a*t2
vf=vi+a*t
vf2=vi2+2*a*d
· CoG, CoP, CoB
CoG- center of mass of an object or body, point where mass is concentrated, balance point
CoB- buoyant force acts through the center of gravity of the water, if CoG of the body and the CB coincide, the body will retain its horizontal position, if they don’t coincide, the body will move until the forces are aligned vertically
· Applications in sport

Linear kinetics
· Newton’s laws**
1st law: an object at rest remains at rest unless acted upon by a force. An object in motion remains in motion, and at a constant velocity, unless acted upon by a force
2nd law: acceleration of a body is directly proportional to, and in the same direction as, the net force acting on the body, and inversely proportional to its mass. Thus F=ma, where F is the net force action on the object, m is the mass of the object and a is the acceleration of the object (sum of all forces in a system is = all mass * acceleration in a system) (angular T=I)
3rd law: When one body exerts a force on a second body, the second body simultaneously exerts a force equal in magnitude and opposite in direction to that of the first body
Each law has an angular equivalent

· Forces- Weight, Ground Reaction forces, friction, drag, lift
Force- push, pull, blow, rub that changes a body’s motion or shape
Pressure- amount of force acting over area
p&F direct relationship, p&A indirect
p=F/A
Friction force- force created between 2 contacting surfaces (can be motive or a resistive force) (texture of surfaces (rough=more friction)) (size of surface area NOT a factor) (high coefficient of friction= low slippage)
Centripetal force- center seeking, forces rotating body to stay on a circular path, if FC is insufficient, body will leave path on a tangent, FC=mv2/r
Buoyancy force- upward lift Force on a body immersed in a fluid, Archimedes principle (some things don’t float), positive and negative buoyancy
Work- W=Force*distance
Power- P=Force* velocity
· Equilibrium
All forces/torques in all directions cancel out
F=0, T=0, a body/system that is not accelerating, Static- no velocity, no forces, Dynamic- velocity but constant, no forces 
· Impulse, momentum, work, power, energy, efficiency
4 kinds of Energy: chemical, electrical, heat, mechanical (3 types: Elastic, gravity-potential, kinetic)
· Conservation of momentum or energy
Linear momentum- measure of the quantity and direction of the motion of a body, M=mv, measure of a body’s persistence in its state of motion
Linear Impulse =Ft, Force*time of force application, greater F or longer t= greater change in M, Impulse- Momentum equation
Kinetic Energy: KE=1/2mv2, Energy= ability to do work, ability of a body to apply force move or deform another body, squared v makes this important, higher up= greater a downward, faster forward=greater impact
· Application in sport

Angular kinematics
· Angle, Angular Velocity, Angular Acceleration
Angular velocity (- how fast a rotating body/segment changes its position, measured in radians or degrees per second, radian=57.3 degrees, direction is either cw- or ccw+
Angular acceleration (- rare in human motion to have constant , most motion has continual 
· Connection between 
· Tangential velocity and acceleration
· V=d/t (linear), Angular velocity , v=r* (end point velocity, r will increase end velocity)(three golfers difference is end velocity)
· Centripetal and centrifugal force (object wants to stay linear but when force is applied it becomes centripetal or centrifugal)
· Application in sport 

Angular kinetics
· Torque*, moment, levers (classes, examples, etc.)
Torque is a force applied causing rotation (a force applied a system restricted to moving in a circular path), causes a system/body to rotate, point of application is eccentric
T=F*FA
3 components of levers: axis/fulcrum, motive force, resistive force
Class 1: pivot point in center and 2 forces on either side (ankle) (tidier totter)
Class 2: fulcrum on the end and motive on opposite end (not much ROM)
Class 3: fulcrum on end same as Class 2 but forces are opposite (ex: elbow, motive force is your bicep and resistive force can really be anything ex: force of gravity) (big ROM)

· Inertia, angular momentum 
Rotational interia:I- resistance to a change in angular acceleration (weird a), I=mr2, or I=mk2

· Angular application of Newton’s Laws
Newton’s 2nd law: 
R of rotation- from axis to a precise point on a rotating system, 
R of gyration- from axis to a point where all the mass is concentrated, I=mk2
Angular momentum-L=l, w is angular velocity, I is rotational inertia- a body’s resistance to change angular motion
Angular Impulse- Tt=T*time of torque application
· Conservation of angular momentum
L stays constant while airborne, w changes due to changes in I, K changes from layout to tuck, to layout
Rotational inertia: I- resistant to a change in , I=m*r2, 

· Application in sport
Radius of gyration (inertia)
I=mk2

Fluid dynamics
· Buoyancy
· Drag (different types)
Aerodynamic Drag force- motion of the air flowing past projectile, air resistance (fluid resistance), equal to projectile’s velocity BUT in the opposite direction of projectiles motion
Profile/form drag- primary factor influencing magnitude of drag, magnitude is proportional to the area of leading edge of projectile
Skin friction/surface drag- secondary factor influencing magnitude of drag, rougher surfaces create more friction, reduced by using smooth surfaces, tight fitting wear
Fdrag=1/2ClApv2 (coefficient of drag (lower number= very streamlined, p (rho is the air density (less in warm air and at higher altitude, A is the frontal area of projectile facing the flow, v2 means if v doubles, drag quadruples)

· Lift
FL (lift force) always perpendicular to direction of the oncoming air flow, can be up down or lateral, due to difference in pressure zones on opposite sides of projectile
· Bernoulli Effect
High flow velocity creates low-pressure zone, low flow velocity creates high-pressure zone
Maximize Lift force by creating optimal angle of attack or shaping projectile like an airfoil
FL=1/2CLApv2
Minimize Drag force with a moderate attack angle
· Magnus Effect
Lift due to the spin on a spherical projectile, projectile has a boundary layer of air that moves in the direction of the spin, boundary layer of air interfaces with on coming air flow, high and low pressure zones develop due to difference in air flow velocities (Bernoulli’s)
Pressure in water- p=f/a (f force exerted by water against submersed body, A area of that body over which F is applied), water pressure=mass of water above body

· Propulsion in different sports
Propulsive drag
FDrag-always opposite to segment direction, is propulsive when hand/foot moves backward in water, on hand/foot provides handle/wall
FLift-always perpendicular to segment direction, hand shaped like wing moves laterally in water, pushes forward on palm


Mechanics of biological materials

Applications
· Use of general biomechanical concepts (ex: equation of motion) to analyze/explain and improve sport perforce
· Use of biomechanical measurement equipment for sport applications (ex: timing, roaching)
· Use of biomechanics to predict loads on the body and to prevent injuries
· Labs

Why is               so good?

Archimedes principle
- Floating body Wt density= to or < than water WD, sinking body wt. density> than water WD

CB: center of Buoyancy
- Center of the volume of displaced water, force of buoyancy acts at CB  


Varus vs. valgus
Varus- Bow legs (ex: smaller angle from knee to tibia)
Valgus- knocked knees
· Stresses
Circumduction is in all 3 planes (has all flexion, abduction, etc.)

Linear impulse=Ft
Angular impulse Tt= Torque* time of torque application
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