The Physics of Figure
Skating

Understanding spins, jumps, and edge control through
science

Welcome to an exploration of the fascinating intersection between
physics and the art of figure skating. This presentation will unveil how
the laws of physics govern every graceful movement on the ice, from
breathtaking jumps to mesmerizing spins.

By understanding the scientific principles behind figure skating,
athletes can optimize their technique, coaches can provide more
effective guidance, and spectators can gain a deeper appreciation for
the incredible athletic feats they witness.
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ChampionVerse.com serves as your comprehensive resource where rigorous
scientific analysis meets practical athletic application. Our platform brings
together elite coaches, sports scientists, and champion skaters to translate
complex physics concepts into actionable training insights.




Why Physics Matters in Figure Skating
Technique

Technique Optimization Injury Prevention

Understanding physical principles allows Physics knowledge helps skaters work with
skaters to achieve maximum efficiency with natural forces rather than against them,
minimum effort, leading to cleaner execution reducing strain and the risk of both acute and
and higher scores. overuse injuries.

Performance Enhancement Informed Learning

Applying physics principles enables skaters to Skaters who understand the "why" behind
increase jump height, rotation speed, and technique corrections can implement

overall control on the ice. changes more effectively than those who

simply follow instructions.

When skaters understand the physical forces at work in their movements, they gain both practical
advantages and a deeper connection to their sport. Physics transforms technique from mysterious artistry

into comprehensible science.



The Science Behind Elite Performance on Ice

Elite Performance

1 Championship-level execution

Applied Physics

Practical implementation of scientific principles

Physics Fundamentals

Core scientific concepts governing movement
Elite skaters intuitively apply physics principles even when they don't explicitly understand the science. The difference between
good and great often comes down to how effectively a skater works with natural forces rather than against them.

By building from fundamental physics concepts through their practical applications, skaters can achieve the refined technique
that characterizes championship performances. The most beautiful skating is also the most physically efficient.



Conservation of Angular Momentum: The
Key to Impressive Spins

Angular Momentum Practical Application Quantifiable Impact
el When a skater pulls their arms A skater can increase rotation
The product of the moment of and free leg in during a spin, speed by 2-3 times simply by
inertia (I) and angular velocity their moment of inertia changing position from arms
(w). Once established, it decreases, causing rotation extended to arms tucked
remains constant in a closed speed to increase to maintain close to the bodly.

system, expressed as L = |w. the same angular momentum.

Conservation of angular momentum explains the most visually striking aspect of figure skating spins: how
skaters can dramatically increase their rotation speed without any additional push or effort. This principle,
which states that angular momentum remains constant in a closed system, governs every spin technique.

Next time you watch a spin, observe how the skater manipulates their body position to control their speed—

demonstrating this fundamental law of physics in elegant motion.



How Moment of Inertia Affects Rotation
Speed
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Moment of inertia (I) represents a body's resistance to rotational motion and is calculated as mass x the
square of the distance from the rotation axis. For figure skaters, this means that body parts farther from the
center of rotation have significantly more impact on rotation speed.

This explains why slight adjustments in arm position can make substantial differences in spin velocity. Elite
skaters develop precise control over their moment of inertia, allowing them to modulate their rotation speed
with subtle position changes throughout a spin sequence.



Comparing Axel Jumps vs. Sit Spins: The

Physics Explained

Axel Jump

Larger moment of inertia during rotation with
extended arms to control rotation speed

Skater maintains more extended position to allow
accurate counting of rotations by judges

Angular momentum created primarily at takeoff
through push against ice

e Initial rotation speed: 2-3 revolutions/second

o Airtime: approximately 0.7 seconds

Sit Spin

Extremely compact position with arms close to
body to maximize rotation speed

Skater can achieve tight tucked position since
rotation counting is not critical

Angular momentum maintained and speed
increased through position changes

e Peak rotation speed: 6+ revolutions/second

e Duration; can exceed 10 seconds

While both elements rely on angular momentum, the physical execution and goals differ dramatically. In
jumps, skaters need controlled rotation to land precisely, while in spins, maximum rotation speed often

creates the most impressive visual effect.



Center of Mass: The Foundation of Balance
and Control

Center Identification

Finding your body's balance point

Center Management

>l

Controlling position during movement

Center Manipulation

Using center shifts for technical advantage

A skater's center of mass—the point at which all mass is effectively concentrated—determines stability on the

ice. Every figure skating movement requires precise management of this center, especially during one-foot
maneuvers where the center must align directly above the supporting blade.

Elite skaters develop an intuitive understanding of their center of mass, allowing them to perform seemingly
impossible positions while maintaining perfect balance. This awareness also enables the controlled weight
transfers essential for generating power in jumps and maintaining flow between elements.



Edge Physics: Understanding Blade-Ice
Interaction

Figure skating blades are unique in their design, featuring two edges separated by a hollow groove. This

construction allows skaters to balance on either the inside or outside edge, creating the distinctive curved
tracings on the ice that form the foundation of all skating movements.

The physics of edges involves a delicate balance between gravity pulling the skater down, the normal force
of the ice pushing up, and centripetal force that keeps the skater moving in a curved path. Mastery of edges
requires skaters to precisely control these forces through body position, particularly the relationship between
their center of mass and the point where their blade contacts the ice.



The Friction Coefficient: Why Figure Skaters
Can Glide

0.003 0.3-0.8 A

|lce-Steel Friction Rubber-Asphalt Friction Reduction
Exceptionally low coefficient of Typical friction coefficient for Approximate decrease in friction
friction between polished steel comparison at optimal ice temperature

blades and ice

The nearly frictionless interaction between skating blades and ice creates the magical gliding effect that

makes figure skating possible. This extremely low friction coefficient results from a thin layer of water that
forms between the blade and ice due to pressure and friction heat.

Interestingly, figure skaters don't actually skate on solid ice but on a microscopic layer of water that acts as a
lubricant. The science behind this phenomenon involves complex thermodynamics where pressure and
friction work together to create ideal gliding conditions.



Pressure and Temperature: How Blades
Create Their Own Lubricant
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The physics of ice skating involves a fascinating phenomenon called pressure melting. As a skater glides
across the ice, the narrow blade exerts significant pressure (approximately 30-40 atmospheres) on the ice
surface, temporarily lowering its melting point and creating a microscopically thin layer of water.

This pressure-induced melting is complemented by frictional heating, further contributing to the formation of
the water film. The ideal ice temperature for figure skating competitions (typically -3°C to -5°C) balances these
effects to create optimal gliding conditions while maintaining sufficient hardness for jumps and edge control.



Newton's Laws of Motion Applied to Jumps

First Law: Inertia Second Law: Force = Third Law: Action and

A skater in motion tends to Mass x Acceleration Reaction

remain in motion. This is why The force a skater applies When a skater pushes down
skaters must generate against the ice during takeoff and back against the ice, the
significant horizontal speed directly determines jump ice pushes up and forward on
before attempting jumps—this height. Larger forces (through the skater with equal force,
momentum carries through stronger leg drive) produce creating the lift and forward
the jump phase. greater acceleration upward. momentum for jumps.

Newton's laws of motion provide the framework for understanding every aspect of figure skating jumps. From
generating initial momentum to creating the explosive takeoff force and controlling the landing, these
fundamental physical principles govern jump execution.

Elite skaters intuitively optimize these forces through years of training, finding the perfect balance between
speed, takeoff angle, and rotational momentum that results in the highest, cleanest jumps possible.



The Importance of Takeoff Angle in
Achieving Height
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Insufficient height, horizontal Maximizes height and air time Insufficient forward momentum,
distance wasted for rotations stability issues

The physics of projectile motion directly applies to figure skating jumps. The takeoff angle significantly
impacts both jump height and distance, with the optimal angle falling between 45° and 60° for most jumps—
slightly steeper than the 45° that would maximize distance alone, as height is prioritized for rotation time.

Variations in takeoff angle also affect the jump's trajectory and landing position. Elite skaters develop precise
control over this angle, adjusting it based on the specific requirements of different jump types and their
individual biomechanics to achieve maximum height while maintaining proper landing position.



Rotational Inertia: How Skaters Control

Their Spins

Initiate Rotation

Skaters create initial angular
momentum through a pushing

motion of the free leg and arms,

establishing the spin's direction
and basic rotational force.

Position Adjustment

By pulling arms and legs closer to
the body's vertical axis, skaters
decrease their moment of inertia,
causing a proportional increase in
rotation speed according to the
conservation of angular
momentum.

Speed Modulation

Skilled skaters can fine-tune
rotation speed throughout a spin
sequence by making subtle
adjustments to arm and leg
positions, extending to slow down
or pulling in to accelerate.

The precise manipulation of rotational inertia forms the basis of all spin variations in figure skating. By

adjusting body position, skaters can dramatically alter their rotation speed without additional energy input,

creating the dynamic visual contrasts that make spins so captivating.

Elite skaters develop extraordinary body awareness that allows them to make microscopic adjustments to

their position, giving them remarkable control over their rotation speed throughout complex spin

combinations.



The Physics of Arm Position During Jumps and Spins

Jump Preparation

Extended arms increase moment of inertia,

slowing pre-jump rotation to allow precise
positioning. They also store potential
energy that can be converted to rotational
energy.

Jump Rotation

Tucked arms decrease moment of inertia,
accelerating rotation speed to complete
required revolutions during limited air time.

Spin Variations

Strategic arm placement creates
counterbalance for off-axis positions,
enabling the intricate and dramatic spin
variations that earn higher technical scores.

Arm position plays a crucial role in both the mechanical execution and aesthetic quality of figure skating elements. Beyond their effect

on rotation speed, arm movements also contribute to balance, help generate initial momentum, and facilitate clean landings.



Centripetal Force: What Keeps Skaters on a

Curved Path

Blade Edge

Provides the inward force
component through its grip on the
ice

Curve Radius

Tighter turns require stronger edge
control and more pronounced lean

Centripetal Force

Pulls skater toward center of curve,
calculated as F = mv@/r

Body Lean

Creates the necessary angle to
balance centrifugal effect

Whenever a skater moves in a curved path, centripetal force must be generated to continuously pull them

toward the center of the curve. This force is provided by the edge of the blade digging into the ice, creating

the necessary inward component to maintain the circular path.

The physics equation F = mv?/r explains why skaters must lean more dramatically into tighter turns or when

moving at higher speeds. This lean places their center of mass at precisely the angle needed to balance the

outward inertial effects, allowing them to maintain control while tracing elegant curves on the ice.



Energy Transfer in Jumps: From Potential to
Kinetic
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Figure skating jumps represent a masterclass in energy conversion. During the approach, skaters build kinetic
energy through horizontal motion. At takeoff, they convert some of this horizontal kinetic energy into both
vertical kinetic energy and rotational energy through precise leg extension and body positioning.

As the skater rises, kinetic energy transforms into potential energy until reaching maximum height. During
descent, potential energy converts back to kinetic energy while rotational energy remains relatively constant.

The entire process follows the law of conservation of energy, with small losses to air resistance and friction.



The Physics Behind Landing Stability and

Absorption

1 Initial Contact

The landing blade strikes the ice at
approximately 10-15° from vertical, creating a
balanced combination of forward motion and
downward force absorption.

3 Stability Control

Arms extend laterally to increase rotational
inertia, slowing any residual rotation and
providing counterbalance to stabilize the
center of mass over the narrow support base
of the blade.

Force Absorption

The knee and ankle joints flex progressively to
absorb landing forces that can reach 5-8
times the skater's body weight, converting
kinetic energy to elastic potential energy in
muscles and tendons.

Exit Flow

Remaining horizontal momentum is preserved
and redirected to maintain fluid movement
into the next element, with proper edge
engagement creating the ideal curve for
transition.

Landing physics represents one of the most challenging aspects of figure skating jumps. The skater must

transform vertical momentum into horizontal flow while absorbing enormous forces through precise body

positioning and joint flexion.



Air Resistance: How |t Affects Jumps and

Spins

Drag Force Equation

Fd = ¥%2pv2CdA, where p is air
density, v is velocity, Cd is the
drag coefficient, and A'is
cross-sectional area. This
shows why body position
significantly impacts air
resistance.

Impact on Jump Height

Air resistance reduces
maximum jump height by
approximately 1-2 cm for
single jumps and up to 5 cm
for quad jumps due to higher
rotational speeds creating
more drag.

Effect on Rotation

Extended limbs during spins
experience significantly more
air resistance, which can be
strategically used to control
rotation speed in addition to
moment of inertia changes.

While often overlooked, air resistance plays a meaningful role in figure skating physics, particularly at the

elite level where marginal differences can impact competitive success. The aerodynamic profile of a skater

affects both jump height and rotation efficiency.

Interestingly, air resistance increases with the square of velocity, meaning it becomes progressively more

significant at higher speeds and during faster rotations. Elite skaters intuitively optimize their body positions

to minimize drag during critical jumping phases while sometimes utilizing it advantageously during certain

spin variations.



Biomechanics: How the Body Creates

Optimal Force

Strength Foundation

Core and lower body strength provides the
foundation for generating powerful forces
against the ice, with quad strength
particularly crucial for jump height.

Joint Alignment

Proper biomechanical alignment ensures
forces are directed efficiently, minimizing
energy waste and reducing stress on joints
and connective tissues.

Kinetic Chain

Force generation begins in the larger
muscle groups and transfers through the
kinetic chain, from core to legs to point of
ice contact, maximizing power output.

Timing Precision

Coordinating muscle activation with precise
timing allows for optimal force summation,
where each body segment contributes its
force at exactly the right moment.

Biomechanics connects the physics of skating with the physiology of the human body. Elite skaters develop
highly efficient biomechanical patterns that allow them to generate maximum force while maintaining perfect

technical form and minimizing injury risk.

The most successful jumps result from not just raw strength, but the precise coordination of muscle groups

working in sequence to create an optimal force vector against the ice. This explains why technical refinement

often leads to higher jumps with less perceived effort.



Conservation of Energy in Figure Skating

Movements

Kinetic Energy

Energy of motion (speed)

Thermal Energy

Heat from friction/effort

Potential Energy

Energy of position (height)

Rotational Energy
Energy of spinning

The law of conservation of energy states that energy cannot be created or destroyed, only transformed from

one form to another. This principle is beautifully demonstrated throughout figure skating as skaters

constantly convert between different energy types: kinetic energy during gliding, potential energy at jump

peaks, and rotational energy during spins.

Skilled skaters become masters at energy management, minimizing losses to friction and inefficient

movements. They strategically convert between energy forms at precisely the right moments, creating the

flowing sequences that characterize elite performances while conserving their physical energy throughout

long programs.



The Role of Momentum in Maintaining
Flow Between Elements

Entry
Proper edge angle and body position

Transition

Seamless momentum transfer

Exit

Maintained speed with directional control

Kl

Preparation

4

Setup for next element

Linear momentum—the product of mass and velocity—must be carefully managed to create the
seamless flow that characterizes elite programs. Conservation of momentum explains why
proper exits from one element directly impact the quality of entries into subsequent elements.

Championship skaters master the subtle edge transitions and weight shifts that preserve
momentum between elements, eliminating the visible "reset" moments that characterize less
refined performances. This maintenance of momentum not only creates aesthetic flow but also
conserves energy, allowing skaters to maintain performance quality throughout their programs.




The Physics of Pairs Skating: Force
Distribution and Synchronization

Lifts

The male partner typically
serves as the base, creating a
stable platform by lowering his
center of mass and widening his
support base. The female
partner must maintain a rigid
body position to minimize torque
forces on the lifting partner.

Physics principle: For maximum
stability, the combined center of
mass of both skaters must
remain above the supporting
partner's blade. This explains the
precise positioning required
during complex lifts.

Throws

Throws utilize the principle of
momentum transfer, where the
male partner adds his force to
the female partner's jump. The
throwing partner must release at
precisely the right moment to
optimize the trajectory.

The height achieved in throw
Jjumps can exceed solo jumps by
15-30% due to this additional
force input, allowing for more
rotation time and more
spectacular elements.

Synchronized Elements

When performing side-by-side
elements, pairs must match not
only timing but force application.
Even slight differences in takeoff
force or angle become
magnified during the element.

Matching jump height requires
partners to adjust their individual
force application based on their
different masses, demonstrating
Newton's second law (F = ma) in
practice.

Pairs skating adds fascinating layers of complexity to skating physics, requiring precise force coordination

between partners with different masses and strengths. The physics of interaction between two moving

bodies creates both challenges and opportunities for spectacular elements.



Temperature and Ice Conditions: How They
Affect Performance

Temperature Range Effects on Ice Performance Impact
-5°'Cto -3°C Optimal hardness with |Ideal balance of edge grip and
sufficient surface moisture glide; preferred for

competitions

-2°Cto0o’C Softer surface with increased Enhanced glide but reduced
water layer edge grip; jJumps become less
stable
-8°Cto -6°C Harder surface with minimal Strong edge grip but increased
water layer friction; requires more power
Below -10°C Very hard ice with brittle Excessive friction; risk of
surface properties surface chipping; difficult
conditions

Ilce temperature significantly impacts the physics of blade-ice interaction, altering the friction coefficient and
edge grip characteristics. The ideal temperature balances the formation of a microscopic water layer for glide
while maintaining sufficient hardness for jump landings and edge control.

Environmental factors such as humidity, air temperature, rink altitude, and even the number of skaters on the
ice affect surface conditions. Elite skaters develop adaptability to different ice conditions, making subtle
technical adjustments to maintain performance quality regardless of surface variations.



Equipment Physics: Blade Design and
Performance Characteristics

Rocker Profile Hollow Depth Blade Mounting

The longitudinal curve of the The groove between the two The placement of the blade
blade determines how much edges can be sharpened to relative to the boot affects the
blade contacts the ice at any different depths. A deeper hollow  skater's balance point. Small
given time. A more pronounced provides stronger edge grip for adjustments in mounting position
rocker (curve) creates tighter jumps and spins but increases can dramatically change

turning ability but reduces stability friction during straight gliding. performance characteristics.

and glide.

Blade physics represents a fascinating specialty within figure skating where small equipment modifications
can have significant performance impacts. Different blade designs allow skaters to optimize their equipment
for specific technical strengths or to compensate for particular weaknesses.



Common Physical Misconceptions in Figure
Skating Technique

1y Misconception: Jumps require upper @ Misconception: Spinning involves

body strength pushing continuously

Reality: Jump height comes primarily from leg Reality: After initial push, spins rely on
extension force and proper timing. Upper conservation of angular momentum and
body strength is more relevant for position position changes to control speed, not
control during rotation than for generating additional pushing force.

height.

Misconception: Toe picks provide Misconception: More speed always
upward force in jumps helps jumps

Reality: Toe picks primarily provide stability Reality: Optimal approach speed varies by
and a pivot point; upward force comes from jump type and skater. Excessive speed can
leg extension. In toe jumps, the pick creates a compromise takeoff position and rotational
fixed point around which rotation can begin. control.

Understanding the true physics behind figure skating helps dispel common misconceptions that can hinder
technical development. Many traditional coaching cues, while useful as imagery, don't accurately reflect the

underlying physical principles at work.



Using Physics Principles to Improve
Training Methods

Physics-informed training methods have revolutionized figure skating development. Understanding the

specific forces involved in skating elements allows for targeted off-ice exercises that directly strengthen the
relevant muscle groups and movement patterns. Specialized training devices can isolate and develop
particular physical skills, like rotation control or edge pressure.

Advanced measurement technologies like force plates, motion capture, and high-speed video analysis
provide objective data about a skater's technique, allowing for precise identification of inefficiencies. This
scientific approach to training has contributed to the remarkable technical advancement in the sport,
including the proliferation of quad jumps in men's skating and triple axels in women's skating.



Applying Physics Knowledge to Prevent
Injuries

|dentify stress points

Using physics to locate potential injury mechanisms

Optimize technique

%

Refining movements to reduce harmful forces

Strengthen protection

Building physical resilience in vulnerable areas

Understanding the physics of figure skating movements helps identify potential injury mechanisms and
develop preventive strategies. Forces in figure skating can be extreme—jump landings can generate forces
up to 8 times body weight, while falls can produce even higher impact forces concentrated on smaller body

areas.

Physics-based technique refinements can significantly reduce injury risk by ensuring forces are distributed
optimally through properly aligned joints. Additionally, physics informs targeted strength training for the
specific muscle groups that control and absorb these forces, creating physical resilience against the sport's

demands.



Technology in Figure Skating: Measuring
and Analyzing Physics Data

Motion Capture

Tracks body segment
movements in three
dimensions, allowing
precise analysis of joint
angles, velocities, and
accelerations during
elements. Identifies
subtle technique
differences invisible to
the naked eye.

Force Plates

Measures exact forces
applied during takeoffs
and landings, helping
optimize jump
mechanics by
quantifying push
direction and timing.
Reveals inefficiencies in
force application.

Wearable Sensors

Provides real-time data
on rotation speed, air
time, and body position.
Allows for immediate
feedback during practice
sessions and quantifies

progress over time.

<D

Al Analysis

Processes vast amounts
of performance data to
identify optimal
technique patterns and
personalized
improvement
opportunities based on
individual biomechanics.

Modern technology has transformed figure skating training by providing objective measurement of previously

subjective elements. Coaches and athletes now have access to precise data about rotational speeds, jump

heights, edge angles, and force application that was previously unavailable.



