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until full speed is attained.
B. Drive Phase (push off)

I. Foot strikes under body's center of mass
2. The athlete should land on the ball of the foot or flat
3. The shin should be 90 degrees to the ground at landing

? 4. The athlete should experience a heel strike to start the push off or rebound process
5. The drive leg stretches as the body is pushed upward
6. The foot leaves the ground with the leg extended slightly behind the athlete's

center of mass
7. The origin of motion is at the hip joint (hip extension)
8. The conversion of rotary motion to linear motion (Translatory Motion)
9. The body is meant to push not pull

C. Swing Phase (leg recovery)
1. After the foot leaves the ground, the knee flexes to bring the lower leg in a tucked

position under the center of mass
2. The leg swings forward in the tucked position to increase angular velocity
3. The speed of the swing is the result of the stretch at push 0 ff
4. The athlete should lead with the knee as the leg swings forward
5. After the knee comes forward, the knee joint unfolds and the foot starts to drop
6. Contact is made (becomes the drive leg)

D. Arm Action
I. Downward and backward through the full range of motion
2. Stretch reflex
3. Relaxation
4. Swing from the shoulders
5. The arms lead the legs in tempo and in range
6. After full speed is reached, the athlete tries to maintain stroke speed
7. Run through the finish line



SPRINfING - FROM START TO FINISH

by
Tom Tellez - University of Houston

Regardless of ability, in order for an athlete to reach his maximum potential as a sprinter, his
training shouldcenter around these factors: Reaction Time, Block Clearance, Speed. of Efficient
Acceleration, Maintenance of Maximum Velocity and Lessened Degree of Deceleration,

Based ona 10.0 second 100 meter dash, a breakdown of the race allows an estimated distribution
of each of the factors in the following graph. (It should be noted that efficient acceleration over
the longest possible distance is influenced by the position of the body as the athlete leaves the
blocks. Therefore, block clearance may be thought of as contributing much more to the total race
than 5%. The block clearance "sets up" the acceleration pattern of the race.)

100%

18%
12%

5%

I1%
II

RT BC Ac Mt Ls

Per cent contribution
to Race 64%

50 %

RT - Reaction Time; Be - Block Clearance, Ac - Acceleration,

Mt - Maintenance of Maximum Velocity, Ls - Lessened Degree of Deceleration



100 meters

Stride 1 2 3 4 5 6 7 8 1112 13 30 45

Distance in meters 0 10 60-70 100

Total forces are the combination of vertical and horizontal forces.

Force (vertical): At the beginning, the vertical force is equal to the horizontal because of the 45-degree
angle of projection. The force shifts quickly to predominately vertical as the body becomes more
upright. First, the vertical has to be greater than gravity in order for contact to be broken with the
ground. Vertical forces continue throughout the race.

Force (horizontal): The horizontal forces are established at take off and determine the changes in
Horizontal velocity. Horizontal forces start out big but get smaller as the body picks up speed and
approach top speed. At top speed the net horizontal forces are zero. After top speed is attained, the
horizontal forces increase negatively which causes the body to slow down.

Time: At the beginning of the race, the first stride is the slowest. The stride gets progressively faster as
momentum is built. Time diminishes with speed as contact time decreases. Stride time should be
fastest as the athlete approaches top speed then levels off and increases as fatigue sets in during the
deceleration phase.

Changes in p: Changes in momentum is directly related to the impulse imparted to the system.

Changes in v: Changes in velocity is the result of a mass being accelerated for some given time. In
sprinting, the mass is acceleration updated. How long (the time) the mass spends acceleration is directly
proportional to the changes in velocity (speed). As force is applied the mass, it picks up speed until the
net horizontal forces become zero. At this point, there is no change in velocity (top speed). As the net
horizontal forces become negative, the mass slows down. The changes in velocity are cumulative which
results in an ending velocity.

Momentum: Momentum increases with each positive change in velocity until full speed is attained. It
levels off at top speed and then slightly decreases towards the end of the 100 meters. The changes start
out big because the body has to overcome inertia or its rest state but decreases as they approach zero
toward 60-70 meters depending on the race plan. After top speed is held for a brief period, the changes
begin to grow negatively at an increasing rate.

Acceleration grows at a decreasing rate until approaches zero. The biggest gains are at the start of the
race then get smaller as top speed is approached at which time acceleration becomes zero then shifts to
negative at the onset to fatigue.

The human body acts under the influence of projectile motion once launched from the ground during
sprinting.

The path that a projectile (body) follows is called its trajectory. There are two components of projectile
motion so it is useful to consider the vertical (y) and horizontal (x) of the velocity and displacement



separately. With each launch, projectile travels as a constant horizontal velocity. This horizontal motion
depends on the horizontal component of the initial velocity at take off. Hence, the distance traveled will
be the initial velocity times time. The vertical motion of a projectile depends on the vertical component
of the initial velocity and on the acceleration due to gravity. A projectile will follow a parabolic
trajectory unless it projected completely vertical 90 degrees.

Above there is a description of the motion. Now let's take a look at what causes the motion. To get the
body (center of gravity) to travel along a trajectory requires that an impulse (force times time) be
applied to the objects (c of m). This impulse directly changes the velocity of the center of mass. To get
the largest possible impulse requires the athlete to either apply the largest possible force, apply the
force for the longest possible time, or both.



Good (proper) running mechanics (tecnmquer-

Position of the hips (pelvis) determines the path and position of the
legs. Body position (posture) is also responsible for the timing of when
the foot makes contact and when it leaves the ground.

When the pelvis is tilted backwards, the athlete must catch himself and
leave the ground prematurely. Some coaches consider this as back side
mechanics.

vVhen the pelvis is upright, it becomes easier to run fast. The forces can
be better applied to the ground thus giving a longer faster stride. See
figures below.

I
II - ~~ ~li_nro_r_r~~I _ FIgure3: J!tf.ct of th9 posItiOnof the per.

__ •.•.•._.&-.-4 ...-A '-"_-"-

Note that both movements are identical to each other and a mirror
image of each other. The only difference is the position of the pelvis.
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STRIDE FREQUENCY
1. Number of strides taken per unit

of time.

STRrDE TIME
1. TUne that is takes to complete one

stride.
2. Time of support and time of non-.

support.

STRIDE SPEED
I. The angular velocity through tbe

full range of motion. .
2. Front and back oscillation.

STRIDE SPEED (DEPENDENT ON)
1. Physiological functions

A. Muscle type.
B. Muscle flexibility.
C. Neuromuscular coordination
D. Body fitness.
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FLIGHT DISTANCE TAKE-OFF DfSTANCE
Distance the center of gravity Distance that the center of gravity
travels in the non-support phase travels between landing and point
of a stride, at which ground contact is broken
I, Velocity at take-off I, Good.body position,
2, I-Ieight of center of gravity, 2, Vertical and horizontal impulses,
3, Air resistance, 3. Angl» of projection,
4, Acceleration due to gravity, 4, Big; take-oi'f distance,
5, Vertical and horizontal 5, Negative velocity of foot sets up
6, Good body position, body for take-off, but contributes
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STRlDE LENGTH
I, Distance the center ofgravity

travels between each foot contact.
') Best increased by applying force

down and backward, not reaching,

LANDING DISTANCE
Distance the center of gravity
is from landing foot.
I, Distance should be short.

2, Reduce braking forces which
decelerate the' body,

3, Pawing and clawing the ground
with the leg is an illusion, This
is a result of rapid hip extension,
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STRIDE LENGTH
1. Distance the center of gravity

travels between each foot
contact.

2. Best increased by applying
force down and backward, not
reaching.

By: Torn Tellez

2. 3. 4. 5. ,C).
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FLIGHT DISTANCE
LANDING DISTANCE Distance the center of gravity

Distance the center of gravity is travels in a non-support phase of
from landing foot. a stride.
1. Distance should be short 1. Velocity at take-off.
2. Reduce braking forces which 2. Height of center of gravity.

decelerate the body. 3. Air resistance.
3. Pawing and clawing the 4. Acceleration due to gravity.

ground with the leg is an .5. Vertical and horizontal.
illusion. This is a result at rap'B. Good body position.
hip extension.

TAKE-OFF DISTANCE
Distance that the center of gravity
travels between landing and point
at which ground contact is broken
1. Good body position
2. Vertical and horizontal impulses
3. Angle of projection.
4. Big take-off distance.
5. Negative velocity of foot sets up

body for take-oft, but contributes
little to take-off.
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2. F\cduce UIol\ing lorCt;~ wnicn 2. r+eiqru 01 cdnkr of qraviiy.

Cl0cGi01dle 012 body. 3. Air resistance.
J. POWIIIQ and clawi(f~ u.e 4. Acceleration dUe 10 gravity.
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'1. 2. 3. 4.

STRIDE LENGTH
1. Distance the center of gravity

travels between each foot
contact.

2. Best increased by applying
force down and backward, not
reaching.
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FLIGHT DISTANCE
LANDING DISTANCE Distance the center of gravity

Distance the center of gravity is travels in a non-support phase of
from landing foot. a stride.
1. Distance should be short 1. Velocity at take-off.
2. Reduce braking forces which 2. Height of center of gravity.

decelerate the body. 3. Air resistance.
3. Pawing and clawing the 4. Acceleration due to gravity.

ground with the leg is an .5. Vertical and horizontal.
illusion. This is a result of rap1a. Good body position.
hip extension.

TAKE-OFF DISTANCE
Distance that the center of gravity
travels between landing and point
at which ground contact is broken
1. Good body position
2. Vertical and horizontal impulses.
3. Angle of projection.
4. Big take-off distance.
5. Negative velocity of foot sets up

body for take-off, but contributes
Iittle'to take-off.
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VOCABULARY

Newton's First Law:

"An object continues in a state of rest, or in a state of motion at a constant velocity along a

straight line, unless compelled to change that state by a net force.

Newton's Second Law:

Relating force, Mass and Acceleration, force equals mass times acceleration.

Newton's Third Law:

Whenever one body exerts a force on a second body the second body exerts an oppositely.
directed force of equal magnitude on the first body .

.............•...••.....•..•.••..•..•.••......•............................... ,

acceleration: The rate of change of velocity, expressed as a vector

angular acceleration: The rate of change of angular velocity

angular displacement: The angle between the initial and final angular positions

angular momentum: The product of an object's moment of inertia and its angular velocity

angular velocity: The rate of change of angular displacement

centripetal acceleration: The acceleration needed to keep an object in circular motion; centripetal

acceleration is directed toward the center of the circle

centripetal force: The force; directed toward the center of the circle, that keeps an object going in

circular motion

conservation of energy: The law of physics that says that the total energy of a closed system doesn't

change

displacement: The change in an object's position in terms of distance and direction



energy: The ability of a system to do work

frequency: The number of cycles of a periodic occurrence per unit of time

friction: The force between two surfaces that always acts to oppose any relative movement between

them

impulse: the product of the amount of force on an object and the time during which the force is applied

inertia: The tendency of masses to resist changes in their motion

kilogram: The MKS unit of mass

kinematics: The branch of mechanics concerned with motion without reference to force or mass

kinetic energy: The energy of an object due to its motion

kinetic friction: Friction that resists the motion of an object that's already moving

law of conservation of momentum: A law stating that the momentum of a system doesn't change
unless influenced by an external force

linear momentum: The product of an object's mass times its velocity; momentum is a vector

magnitude: The size, amount, or length associated with a vector (vectors are made up of a direction and
a magnitude)

mass: The quantitative measure of the property that makes matter resist being accelerated

mechanics: The area of physics that deals with the motions of bodies and the forces imposed upon them

MKS system: The measurement system that uses meters, kilograms, and seconds

moment of inertia: The property of matter that makes it resist rotational acceleration

oscillate: Move or swing side to side regularly

period: The time it takes for one complete cycle of a repeating event

potential energy: The energy an object has because of its internal configuration or its position when a
force is acting on it

power: The rate at which work is done by a system

scalar: A quantity that has magnitude but not direction (in contrast to a vector, which has both)

specific gravity: The density of a substance relative to a reference substance

static friction: Friction on a stationary object



torque: The product of a force around a turning point and the force's perpendicular distance to that

turning point

vector: A mathematical construct that has both amagnitude and a direction

velocity: The time rate of change of an object's position, expressed as a vector whose magnitude is

speed

weight: The force exerted on a mass by a gravitational field

work: Force multiplied by the displacement over which that force acts and the cosine of the angle

between them; force is equal to the amount of energy transferred by a force
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