*************************** Skills Concept ***************************

Skills Definition:
Rotational Control - turn the ski
Rotational Movements:

Leg Rotation - actively steering the skis from the top of the femur down

Counter-Rotation - actively rotating the upper body in the opposite direction of Leg Rotation 

Anticipation - the release of the tension created during the application of Leg or Counter Rotation.
Upper-Body Rotation - actively rotating the upper body without the corresponding opposite Leg Rotation 
Outcome of  Rotational Movements:
Turning - the curved path of the skier down the hill as determined by the application of muscular input.
Steering -  direction change of the ski (left, right, straight) brought about through the application of Rotational Movements and Edge Angle
Pivoting - direction change of the ski ( left, right) bought about through the application of Rotational Movements in the absence of Edge Angle
Edge Control - tip the ski
Edge Angles Created by:

Inclination - the degree of tilt (lateral movement) of the body from vertical

Required Magnitude of Inclination is determined by:

turn radius
pitch of the hill

snow conditions
Angulation - movements that create angles between body parts. 

Hip Angulation - leg rotation, abduction/adduction of the femurs and torso flexion allows the upper body to bend towards the outside ski
Knee Angulation - enabled through lateral movement of the knee from rotation of the leg at the hip and ankle.

Outcome of Edging:

Slipping - lateral (side to side) movement of the entire ski

Sliding - longitudinal (along the length) movement of the ski

Skidding - blending of Slipping and Skidding

Carving - bending the ski combined with high edge angle allows the ski's tip and tail to travel along its length and through the same point in the snow

Pressure Control - manage forces acting on the skis
Along the Skis Length - 

Moving Center of Mass

from the ankles - most effective

from the knees - like when you sit and stand

from the hips - like when you bow from the waist
Moving Base of Support

from the ankles - similar to moving Center of Mass but with different tactical outcomes
Ski to Ski - while changing the direction of the ski, through the application of Rotational and Edge Control, there are forces generated against the ski as the snow resists the change in direction. Transferring of pressure (and balance) from the old outside ski to the new is required in order to transition from the old into the new turn
Flexion of Outside Leg, Extension of New Outside Leg

Old outside leg relaxes (flexion), reducing pressure and enabling the shift of the Center of Mass across the Base of Support. After the Center of Mass passes over the Base of Support the new outside leg progressively increases tension (Extension) and resists the pressure created by Rotational and Edge Control.

Extension of Both Legs - at different rates
Accomplished after the Center of Mass crosses the Base of Support. The rate of change of the Extension will determine how quickly the Center of Mass moves to the center of the turn radius.

Transition too quickly - Center of Mass is over extend to the inside of the new turn radius and the skier loose Edge Control through the loss of edge pressure

Transition too slowly - edge angle is minimized
Determining Factors - Arc of the turn

Pitch of the snow surface

Flexion of Both Legs - transition across the base of support 
Retraction turns - bumps

Center of Mass lowers or remains level with the ground

Magnitude

Up Unweighting (quick) - hop turns
Down Unweighting (quick) - absorption of bumps
Retraction - clear obstacles,  
Absorption - minimizing pressure changes during slow terrain changes (pre-jump)
Pressure Control and Balance - vary pressure on the ski by adjusting stance to remain in balance
fore/aft

edge to edge

extension/flexion 

Balance - considered an ability (outcome) rather than a skill

The body - gravity and inertia

The skis - centripetal force and friction

Equilibrium = ∑  gravity, inertia, centripetal force, friction

Balance = Equilibrium * (CM / BOS)

Athletic Stance - same for any motor sport

Feet - hip width

Joints - all are flexed

Balance - towards the balls of the feet

Arms - slightly above the waist

Pelvis - neutral

Head - vision forward

Dynamic Balance - not the same as an Athletic Stance (body in motion)

Fore/Aft Reference
· Degree of ankle flex determines lower leg angle

· The angle of the lower leg is matched by the angle of the spine

Lateral Reference - as the Center of Mass moves across the Base of Support the hips shoulders and hands remain level relative to gravity

Rotational Reference - All Parallel

Binding to Binding

Knee to Knee

Hip Joint to Hip Joint

Shoulder to Shoulder

Hands to Hands

Blending Skills:
Components of a turn - common to all turns

Uphill and Downhill Ski

Inside and Outside Ski

Fall Line - Ball rolling down a hill
Apex - farthest left or right
Turn Radius == arc of the turn
Phases of a Turn
· initiation - upper third of the turn

· shaping - middle third of the turn

· finish - bottom third of the turn

· transition - starts in the finish phase and ends in the initiation phase

Turn Shape - pick your sport

Carved - edges cut a groove 

Skidded - leg rotation dominates

Short and Quick - Upper and Lower Body Separation

Round, C Turn - Most effective form of a turn utilized in virtually all disciplines

J Turn - lacks an initiation phase

Comma - de-emphasizes the initiation phase 

Z Turn - emphasizes traversing
Edge and Pressure Control - strongly interconnected, difficult to isolate

Rotational Control == Pivoting, Steering, Guiding

↑Rotational Control ↓Edge Angle and Pressure

↑Edge Angle and Pressure ↓ Rotational Control

Speed Control 

Side Slip - Friction 

Carve - Turn Shape
Skidded Turn - Side Slip and Carve

Terrain - very often dictates what skills MUST be employed 

Groomed - wide range of skills
Variable terrain of blue and black
rolls

multiple fall lines
Bumps - speed control dictates line
Off-piste - variable snow conditions
Steeps - Good balance becomes critical

Snow Conditions - as much of an impact on skills used as varying terrain 
Deep Power

Narrower Stance - more stable base of support 
Dolphining - floating

Shallower Turns

Popping to bend the ski in order to absorb speed

Wider skis - more resistance to gravity

Hard Pack
Stance - with feet at a shoulders width to avoid booting out with greater edge angles

Narrower Skis - quick from edge to edge

Ice - subtle application of pressure

Crud - less skidding more direct line

Equipment - utilizing equipment in conditions that its not designed for may necessitate modifying how skills are applied to the interaction of the ski with the snow surface
Skill Level:

Lower = skidding to control speed
Higher = edge and pressure control coupled with quicker reactions

Ski Pole Action:
Swing - direct upper body down the hill

Touch - timing

Plant - stabilize body, manage momentum, control rotation 

Pole Use and Pressure Control
Pole touches - when aimed at the apex of the new turn can help to keep pressure directed towards the front of the skis

Blocking Maneuver - to help maintain the Center of Mass over the Base of Support during deceleration  

Double Pole Plants/Touches - can help to propel the body forward to bring the body back into balance

Pole Use and Edge Control

Proper placement of the Plant/Touch helps equalize forward movement with lateral movement (vectoring into the appropriate amount of forces in each direction) to keep pressure directed towards the front of the ski as well as optimal edge angle

Pole Use and Rotational control

Improper swing position - can cause unwanted body rotation

Blocking Poll Plant - lends stability to the upper body allowing the legs to initiate rapid direction changes (steeps, bumps) 
*************************** Physics of Skiing ***************************

Basic Elements:
Force - gravity, friction, centripetal
Push

Pull

Acts on the body

Changes in Position

Changes in Speed

Pressure - force distributed over a given area (P=F/A)
Ski to Ski
Total = Ski(1) + Ski(2)

Along the Length

Tip (Balance Forward)
Mid (Stacked Above the Boot)
Tail (Balance Back)
Magnitude

Base (Flat Ski) - larger area (distributed)

On Edge - smaller area (concentrated)

Center of Mass - Central Balance Point of the Body's Mass
Momentum - Mass x Velocity
Newton's Law of Motion:
Law #1 Inertia - resistance of a body to change its state of motion or rest
Law #2 Force - balanced force = constant velocity

Law #3 Equal and Opposite Reaction 

Forces:

Gravity - accelerates at 32.15 feet (9.8 meters) per second per second

Friction - a force that opposes motion
Centripetal - the force generated by friction between the snow and the flexed ski that changes the direction of momentum
COM vs. BOS:

Inclination - when the Center of Mass (COM) is inside the arc created by the path taken by the base of support

Angulation - the magnitude of edge angle created by lateral angular offsets in stance

In the absence of angulation, in order to generate enough centripetal force to cause a change in the direction of the athlete, the athlete must tip the COM inside the intended arc of the Base of Support (BOS). Once the ski is on edge friction builds up between the ski and the snow. Gradually the friction generates enough centripetal force to cause a direction change in the ski and through resisting that force a radial change in the skiers momentum can be achieved.    
Ski to Snow Interaction - tipping on edge causes the ski to bend. The ski must penetrate the snow in order to create a platform for resistance (friction) in generating a turn

Line of Action - runs from the athletes center of mass through the center of the arcing ski

************************ Biomechanics of Skiing *************************

Planes of Motion:

Sagittal Plane - divides the body into left and right halves

Fore and Aft movements along the length of the ski are directed along the Sagittal Plane

Frontal Plane - divides the body into front and back halves

Lateral movements (inclination) across the ski are directed along the Frontal Plane

Horizontal Plane - divides the body from the center of mass into upper and lower halves

Rotational movements of the ski, legs and upper body are directed along the Horizontal Plane

Anatomy:

Bones - framework for body support, protect vital organs, provides attachment points
Spine - consist of cervical, thoracic, lumbar, sacral bones.

Can move in all three planes (Sagittal, Frontal, Horizontal)

Joints - juncture of two or more bones 

Hinge Joint - elbow

Ball and Socket - shoulder

Gliding Joint - foot

Flexion - angle decreases

Extension - angle increases

Abduction - moves away from the midline

Adduction - moves towards the midline

Rotation - occurs in the horizontal plane

Hip Joint - ball and socket
Knee Joint - modified hinge joint

Ankle Joints - hinge
Dorsiflexion - toes up
Plantar Flexion - toes down 
Subtalar Joints - gliding

Eversion - foot rolling inward

Inversion - foot rolling outward

Midtarsal Joints
Pronation - collapsed arch

Supination - arched arch

Muscles

Concentric Tension - the muscle actively flexes with the fibers shortening

Eccentric Tension - the muscle relaxes and the fiber lengthens 

Isometric Tension - equal measure, fiber does not change length

Connective Tissue

Ligament - bone to bone

Tendon - muscle to bone

**************************** Equipment *******************************

Skis
Sidecut - curve along the side of the ski

Carving - 12 to 15 meters

All-mountain - 15 to 21 meters

Big-mountain - 21 to 30 meters

Waist - narrowest part of the ski, located under the boot

Race 64 to 69 mm

Carving 70 - 80

All-Mountain 80 - 100

Power and big-mountain 100+

Taper - refers to the amount that the ski's tail is narrower than the tip

>difference == more taper

<difference == less taper

Camber - the distance between the mid line of the skis, bases facing each other 

Reverse Camber is the deformation of the ski achieved by pressure exerted upon the mid line of the ski

Rocker

Tip - easier to initiate a turn, more float, less carving 

Tip and Tail - easier switch, landing reverse tricks, easier straight lining
Full - big mountain lines in un-groomed snow, easy to turn
Tip Shape

Performance - maximize edge, smallest amount of rocker

All-Mountain - edge ends at the widest part of the ski

Powder - widest part of the ski is closer to the boot

Tail Shape

Flat: race

Upturned: All-mountain

Twin-Tips: little or no taper, tip and tail shape similar
Flex - bending the ski along the length of the ski 

Torsion - twisting of the tip and tail of the ski in opposite directions and along the length of the ski
Boots

Flex

Forward Lean

bootboard (zeppa) angle

Cuff

Alignment

footbed - pronation or supination 

cuff - forward lean

boot sole (also know as canting), to better align bow-legged or knock-kneed stances

Walk Mode - cuff release for ease of walking

Bindings

Integrated - allows ski to fully flex, minimizes booting out, mainly for groomed runs, on skis with narrow waist, designed for a specific ski

Direct Mount - closer to the ski helps to minimize the edge to edge transfer time, typically used on wider skis used for power or all-mountain skis
************************ Movement Analysis ****************************

The Process

Observation

Evaluation

Perscription

