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[he information explosion has hit physical edaeation. Re-
soarchorm are discovering new: links hetween oxercise andd

human physiolagy, Others are investigating nedrolopical as-

pects of mator cantro, Using compater sinlation and other
sophisticated teehnigues, hiomechanics researchor are tingd-
IR New ways 10 analyze himan movement, As o resalt ol
renewed interost insockal, culiurad, and payehological anped s
af movement, o vast, highly specialized hady af knowledge
has emerged,

Many physical aducatlon teachers want to use ael apply
infarmation particalarty relovant to their teaching, 1tis notan
easy task, The quantity af joseach alone would requite
clawn to dusk reading sehedule, The speciabized nature of the
researeh tends 1o make ICAewt for o layperson 1o compre-
hend fully, And finally, Httle work has heen directed towardd
applying the researeh 1o the more practical concerns of
teachers in the field, Thus the burgeoning hodly ol information
avallable to researchers and academicians has had fittle im-
pact on physical education programs in the field,

The Basie Stulf series is the cutmination of the National
Association for Sport and Physical Education efforts to con-
front this probloem, An attempt was made to identify hasic
knowledge relevant to physical education programs and to
present that knowledge ina useful, readable format, The
serles is not concerned with physical education curriculum
dlesign, but the “hasic stuif” concepts are common core in-
formation pervading any physical education course of stucly.

The selection of knowledge for inclusion in the series was
based upon its relevance to students in physical education
programs, Several common student motives or purposes for
participation were identified: health (feeling good), appear-
ance (looking good), achievement (doing better), social (get-
tilg along), aesthetic (turning on), and coping with the envi-
ronment (surviving), Concepts were then selected which
provided information useful to students in accomplishing
these purposes.

The Basic Stuff project includes two types of booklets.
Series | is clesigned for use by preservice and inservice

R
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foreword

Over the centuries peaplo have heen gathering know ledgs:
abont thee mes hanies of movement. This science s calledd
MNESOTOCY . The study or Buman movement foguires o work-
ing hnewvledpe of the nearomuscular and skeletal systems (of
the haedy an well as the extormnal environmental torces which
attect motion, tndertanding how thee body: moyos aied the
PHOCEIA BEavity, riction, and the laws of motion have onit,
provides o hasis for purposetut choives of movements, rathe
than relying on biat and error procedures,

e mtormation contained in the totosing pages is based
on the prenvise that movement of any kind is initiatedd, con-
tollod, andd stopped by fnce or one hind or another, 1o
undertand the “how' and "swhy'" of efticient movement one
needs to hnow the Kinds of foree, their arigins, their effects,
and how wer can utitize them to our advantage,

xi
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CHAPTER ONE

achievement

What Do You Have To Help Me?

Force Is noeded to
produce or change
motion

Inertia Is o resistange
to change

.

Since force i essential for all movement it is important to
understand how it is initiated and bow It affects movement,
Farce is required 1o pat a body in motion, to change the
direction in which an object moves or the speed at which it
moves, and o stop an object which has been moving, Foree is
invisible, yetitean befolt, the effects of force can be seen and
measired, Force can be deseribed in terms of its magnitude,
its direction, and the point at which it is applied.

All bodies possess inertia, Inertia is resistance to change,
[hertia is hat property by virlue of which a body, il at rest,
fends to remain so, or il moving, tends to continue in motion
in astraight tine, unless acted upon by some external force., A

body which is at rdst tenls 1o stay at rest and possesses resting -

inertia. A body which is moving possesses inertia of motion,
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moving ab the same speed iy the same direghion. A faree
apphied i an ohjecrwill produce a change i the movement
al the abject undess its counteracted. When all forces acting
il hody nedtralize ane anarher, the body s i eqailibrgm-
Sametimes g ofee may caise elastic detapmation of the ab-
ek ar a4 distartion ar the abjecs’ shape. Sa withoat force,
M eent cauld por acenr nap cagld i be stapped.

How Do | Get It?

As s ey contracy
they ereale an
internal forie

GFvity, Friclion, aml
fluiel resistanee wrp
maamples of paterpal
furee

Phere are e seneral souices of foree with which human
movement i eancerned. One s inteial foree ghat which is
progteed iy macle contraction) and the second source is
extermal 1oree such as gravity, fiiction, and thaid resistance,
Bith internatansd extermal lorees may b ised to putabjects in
motion, toatter the pathot objoc iy inmotion, and o stow or o
stop the mavement of ohjees.

Why Does It Happen That Way?

Forco = masy X
acceleration

Mass = amount of
matter in & body
witlch resksts a
change of motion

Mass =
welght + gravity

To causearesting ohject to move, o forcs st e appliod
which is groater than the inertial force of the object, The
movement will then oceur in the direetion in which the force
is applicd Lev's fook briefly at factors which afiect forco, The
formula for foree states that Torce = mass X aceeleration,
Force Istherefore the ;)a’\(luc'l of the mass ofan object and the
speed with which It is moving, The amount of force ¢an,
theretore, be controlted by alterlng the speed of movement
andfor the mass of the objoct, Mass is the amount of boly
matter which resists o change of motion, Acceleration Is the
rate of change in the hody velocity, The ane factor which Is
usuatly changed is the amount of speed sinee the mass s often
not amenable to change, Mass s often used interchangeably
with welght,

Mass and weight are related hut not synonymaous terms, The
refationship is given in the formula: mass = welght/g, The
weight of an object is the forco with which gravity is pulling it
to the earth, Weight scales indicate the gravitational force

exerted on a body, For example, If your welght Is 150 pounds,

a gravitational force equivalentto 150 pounds is holding you
on the earth. A classic example of mass and welght is the
changn of weight of a body on the earth aggd on the moon. fa
person weighs 120 pounds on the earth, the weight when on

1 ,‘ L :
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Masy =
fapre = aueherition

Artelerabine =
Fp e sy

What Else?

Internal infee iy
prosuced by msebe
conteaction

Musi lex can onhy
pull, not push

Muscles are
arranged In
functional pairy

kY
e TR AT W T 20 iy s W0 G Hodoa B de o e s et
Bhant b wihy b ool bal i ile vaan Fre Siiss G b saan

Vivhib e oo by TR s e et e vt i s Gl

Fooo gty sy B ao ot i
CE Ol S DR T UV U0 o Ui sk ar e Relaiey ol di
Acthvionl b oioe fogaiiond e gneiiee o i v ea G 8 B
it udidied

Lot s ivdbiaiige e Boiio i iss Couedls B divikod
actvlendiion AW R IBe Aot ol uie @ dpaitand o vt
TN g i AT DYy TRO TR G a0y ceiteatt BB i ol
e vbyes Foai be doleiaiined

R I N P T T I I T T TN B IO U TR O T
e dhivided by s The sake ol siaiigs a0 By wlaldiesd
B s div g thee aiioail g B e appbiod 1y Hie diiss ol die
abijec b b ginpdie e dooelenition o 4 softhatt and o sk
fablawing the AP Al O e s bl i el eae i
Nibece e sy af he shab s viaee B Bl i ibae softlyatl il
P b i eme it will b less

By By o Pt ol APPECIENR a3 Gindesbaiding of ke
relatininships o force. g and aeceleration explains why it
Brhes faie faice G pobd =hal 0 feel g oy B i J
softhall the saive distance aivg why o ball goes e wiaen
Rched By o adight padher Huan achild

To understand how Jiman ey emieit o cuis you st
waderstand how the mwscles are arranged inyour bady. The
Ml are the “matons' ar power saugce i e internal
rce which monves the hody. This isteenal force is prodi ed
Huough nwise e contra tion.

Ml attac o the bones of the boedy by tenduns g the
tennion geneiated by te contrag on of  mise le is applied 1o
the bone at the pomt of wibichinent of the tendon. Mis e
G only pull” notpush’ somesedes are fosined 10 Tune tional
P which oppose oach other, For example, the biceps
brachit, and other muse s which are located on the antesior
Aront aspect o the aimwill les the foreanm agains resistane »
and the triceps b hii loeatesl on the posterior dck) aspeet
of the amm wilh oxtend the forearm against resistange. In most
Istances, the helly, the contractibe portisn of the muscle is
located above the joint at which the movement will oecu,
the muselo bulk of the anterior thigh produces movement of
the leg at the knee joint, The musele bulk of the posteriot leg,
or calf, produces movement of the foot at the ankle,



~ BICEPS

TRICEPS

Figure 1: Muscles are arranged in functional pairs.
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Figﬁre 2; The muscle bulk of the antérior thigh produces

+",joint.
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Muscles can change " In the upper limb and on the trunk, the muscles located on

" theangle of the joint " the anterior aspect of the bones are the flexors. That is they
will reduce the angle at a joint from that present in the normal

Flexors decrease the  standing position. Another way to think of flexion of a body

angle of a joint segment is to remember that this is the movement which
occurs when the segment moves forward when standing with

I e arms at the sides, palms facing forward. For example, flexion

at the neck brings the head forward-as when you tuck your-
chin on your chest. Flexion of the spine occurs in the usual
sit-up exercise. Flexion of the arm at the shoulder occurs in
reaching for the salt shaker in the center of the table. When
flexion occurs at the knee the foot moves backward toward
the buttocks.

Extensors cause the The muscles on the body posterior produce extension. The
. return from flexion muscles of the back straighten the spine as you return to a

standing position after tying your shoe lace. Extension can be
defined as the return from flexion. The large muscle of the hip,
the gluteus maximus, extends the thigh as a bicycle is pedaled
up a hill. The muscles and tendons on the posterior of the
forearm extend or straighten the fingers and wrist. Some of
these muscles can hyperextend the wrist, taking it from the
straight or extended position to the position used when walk- .,
ing on your hands or standing on your head. Hyperextension
is movement of a body segment in extension beyond the
straight alignment at the joint.

o

The top of the foot At some point during early embryological development
moves toward the the upper and the lower limbs lie in the same plane and the
front of the leg in thumb and the great toe are the superlor or upper parts of the
dorsal flexion. For hand and the foot respectively. The upper limb rotates la-
plantar flexion'the ~ terally (away from the'midline) so that the thumb becomes the
foot moves in the ~ lateral part of the hand. The lower limb- rotates medially
opposite direction (toward the midline) so that the great toe becomes the most

medial toe of the:foot. This means that the sole of the foot
corresponds to the palin of the hand and that the top of the foot
correlponds to the back of the hand. In other words the top of .
the foot is the back, or dorsal surface of the foot. As a result of

" this rotation the extensor muscles of the thigh and leg are -
located on the anterior surface relative to the bones of the
limb. Extension of the leg at the knee causes the leg to come =
forward as in kicking and extension of the foot at the ankle
causes us to point our toes as a gymnast does or to stand on
tip toe.”” To avoid the confusion between the anatomical
location and derivation of the flexor and extensor muscula-
ture of the lower limb, movement at the ankle joint is referred

1
6 .LS‘
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i Figure 3: The szcles of the back straighten your spine when ret'u'rning to a standing * -
* position after tying your shoelaces. . ’
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Figure 4; Hyperextension moves the head beyond the straight alignment of the joint.
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~ Figure 5: During early embryological develnpment, the:upper and lowef limbs lie in the
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DORSAL
FLEXION

! PLANTAR
FLEXION.
‘O N
. Figure 6: Plantar itexion occurs when you walk “tip toe.”
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Abduction moves a
body part away from
the midline of the
body. Adduction is
the return from
abduction

Radial flexion is
abduction of the
hand at the wrist

Ulnar flexion is
adduction of the
hand at the wrist

Medial rotation
turns a part toward
the midline of the
body

Lateral rotation
turns a body part
away from the mid-
line of the body

ey _.\

.- Lateral flexion is
sideward movement
of the head or trunk

‘Forwa;d tilt of the
pelvis increases
lhe hollow inthe
lumbar area .

§

to as either dorsal flexion, pulling the toes toward the anterior
{front) of thé"leg, or plantar flexion which occurs when you
walk "tip toe.”

Other movement terms which should be used in descnbmg.

body movement are abduction and ,adductlon, pronation and
supination, rotation, lateral flexion, and forward and back-
ward tilt. Abduction occurs at the shoulder and hip joint when
the arm or thigh are moved away from the midlirie of the body.
The umpire in baseball signals the runner safe by abducting
his arms. Adduction is the return from abduction, occurring
when the limbs are brought toward the body or returned to
their position when standing normally. Abduction and adduc-
tion also occur at the wrist joint. Because the hand is used in
so many different positions it is often difficult to think in terms
of movement toward the body as adduction and movement
away from the body as abduction.

To avoid confusion the movement of the hand which re-
duces the angle at the wrist on the thumb side is called radial
flexion or radial deviation. The radius is the forearm bone on
the thumb side of the forearm. The bone on the little finger
side of the forearm is the ulna so reduction of the angle at the

wrist on the little finger side is known as ulnar flexion or ulnar

deviation. '

Pronation and supination refer to the hand. Thehandisina
pronzted position when the palm is down and is in a supi-
nated position when the palm is up.

Rotation is the turning of a bone around its long axis. .

Rotation is referred to as medial (inward) rotation in which the
bone turns toward the midline or lateral (outward) rotation
when the front of the bone turns away from the midline.
Rotation occurs in the cervical spine (neck) as you shake your

" -head “’no.”” Medial rotation qccufs at the hip joint when you *

walk in a toed-in fashion. Lateral rotation at the hip produces
the toed-out position of the feet. Medial and lateral rotation
can also occur at the shoulder joint.

" Lateral flexion is.the sideward movement of the head and/or
trunk. The direction of the movement is identified by right or
left. Movement of the trunk cannot be truly labeled abduction

or adduction because the midline of the body is not stationary, *

butis involved in the moveinent of the trunk and head.

.Forward and backward tilt are terms which identify pelvis”

movement: In forward pelvic tilt, the crests, commonly re-

ferred to as the hip bones, move forward and the:sacrum or,
posterior aspect of the pelvis moves back and up. The forward -
. tiltof the pelvis results in-a hollow low back and a protruding

>
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. Lateral pelvic tilt

‘raises one hip higher
than the other

How?

Muscle
characteristics
influence force
production

The number of

- muscles used will

affect the force

\
\

\
5,

The size of the

- muscle will affect

the amount of force
possible

abdomen. Backward pelvic tilt is the act of returning from.
farward tilt and is accomplished by tucking the hips under.
Lateral tilt of the pelvis occurs when one iliac crest is higher
than the other as is observed when a person stinds with the
majority of the weight distributed on one foot.

Contraction of the body muscles provides the major source
of internal force. The amount of force produced through
muscle contraction is directly influenced by the individual
genetic makeup and by the training and practice of various
skills. There are certain factors which everyone can utilize to
regulate the amount of force produced by muscular contrac-
tion: :
1) The number of muscles used. To develop maximum force
in a given direction use as many of the muscles as possible
which will contribute to the movement in the desired direc-

“tion. Tension should be reduced in muscles which do not

contribute in any way to the desired movement. For example,
to shoot a basketball from a distance of four feet, the use of the
upper limbs is probably sufficient to get the ball to the basket;
to develop sufficient force to shoot the same ball from 25
feet, the lower limbs must also be used. If the addition of the
force produced by the lower limbs is not sufficient to get the
ball to the basket, then rotation of the trunk will be used to
increase the number of muscles which are contractlng to
execute the shot. :

2) The size of the muscles used Muscles of the IOWer limbs
are larger in size than their counterparts in the upper limbs. As
a result, actions which involve the lower limbs are more
powerful than those involving primarily the upper limb. For”
example, you can kick a soccer ball farther than you can
throw it.

Another difference in size is noted when the muscles of the”
uppeér arm are compared to the forearm and the muscles of the .
thigh to the lower leg. The muscles of the arm-and of the thigh

-are larger, hence stronger than the muscles of the forearm and _
- of the leg. RN

The larger the diameter of the muscle the greater the force

- potential“of the muscle. In otHer words the force which™ a’
-muscle is capable of producing is direttly dependent upon the ™

physiological. cross-section of the muscle:"A physiological .
cross-section lncludes a cross- sectlon ofall the muscle flbers

¢ M . 3
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Figure 7: Forward and backward tilt are terms which identify pelvis movement.
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Internal protection
mechanisms can be
used to increase
force '

“The distance

" through which a
“muscle contracts
affects the force
p.roduced

14
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When considerable muscle force is needed, such as lifting a
heavy box, you should use the strongest muscles possible. The -
strongest muscle group in the body is the quadriceps femoris,

- the muscles which extend (straighten) the leg at the knee. To

lift a heavy box, for example, you should squat down as close
to the box as possible so that the extension of the knees
produces the lifting force, while the arms are used primarily
for holding on to the box and bringing it closer to the body.
Many injuries to the back occur when the person leans over,
grasps the box, and tries to straighten up by using the back
without first flexing at the knees so that the strong muscle
group of the thigh supplies the lifting force as you stand.

~ Training increases the strength of muscles. Not only do
strong muscles usually improve performance, but they also
serve to protect the joint against possible injury. Strong mus-
cles must produce force to counter the forces which would
otherwise tend to injure the joint structures, particularly the
ligaments. The strength of the muscles used in a given activity
dictate to a great degree the speed of movement and the
distance through which the muscle shortens by controlling
the length of the backswing or the depth of the crouch.

3) The force of a contraction can be increased by first placing
the muscle on stretch. Placing a muscle on stretch activates a
protective reflex contraction. The quicker the muscle is
stretched, the stronger the resultant contraction. A crouch
befare the jump upward or the backswing which precedes a
throw are examples of placing muscles on stretch before

. contraction to utilize this reflex.

Each muscle contains minute structures called muscle
spindles which seek to protect the muscle from tearing as a
result of being stretched beyond a safe range or length: “The
muscle spindle can be likened to a little radio in that it is_
constantly sending information to the brain concerning mus--
cle length, the amount of tension in the muscle and whether
the muscle is shortening or being lengthened. The muscle is

preset by a small nerve from the brain to allow the muscle to

operate within set length limits. When the muscle is forced to
exceed the set limits, the spinal cord ““instructs” the muscle to
contract to prevent muscle injury.

4) The distance through which a muscle contracts can in-
crease the resultant force. A muscle which contracts through-

“out its full- range of motion has-a greater, opportunity to

develop more force than it could if it contractecl through pnly
a portl_on of its total range: A full backswing in tennis resultsin
the generation of more force than does a half backswing if the
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sure 8: When lifting a heavy box, use the strongest muscles possible. In this example,
e the muscles of the thigh. ‘ , .
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Figure 9: The tennis backswing is an example of placing the pectoralis muscles on
stretch before contraction. - o
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Why?

fl

Genetic endowment

sets upper limits on i

capabilities
&

¢

Mgchan\ic\al
advanlggek can be
gained by locaiion
of muscle
attachment

Rg_tio of muscle
fiber types varies in
different individuals

IS

»

speed of the movement is identical. If you want to jump two
féet, the depth of the crouch taken priorto the jump is lessthan
that taken when jumping four feet. :

The specific locations, attachments, and types of muscles in
your body are determined by genetic inheritance. The genetic
endowment, or genotype, will set the upper limits in terms of
the amount of strength that can be developed. Your genotype
will also play a major role in determining the types of activities
for which you are best suited. Some people are good sprinters;
others excel in long distance running. Some people show a’
marked increase in the circumference of muscle groups after
lifting weights while others will be just as strong but will not -
exhibit as great an increase in muscle bulk. In a vertical jump,
some person can raise their reach only t2 inches above their
standing reach while others may increase the reach to as
much as 30 inches or more. Each individual needs to recog-
nize what the genetic limits of his or her own physique are and

then goals can be set more realistically. Genetic inheritance,

however, is only one aspect of performance, Practice and
training are also very important for they help approach your
maximal genetic potential. The increase in muscle size will
not be the same for all individuals after training due to genetic
differences. o

Individual differences in movement strength are also af-
fected by the point at which the muscle attaches to the bone.
Muscles may attach closer to the joint in some people than in
others. In general the farther from the joint the muscle at-
taches, the greater the effective force, or joint torque, pro-
duced by muscle contraction. ,

Most human muscles contain three types of muscle fibers —
fast, intermediate, and slow. The fast fibers are known as
white or fast twitch fibers and can contract rapidly resulting in '
explosive movements, The slow twitch fiber, sometimes
called red, is the endurance fiber. Red fibers contraat less
rapidly, but can continue activity for a longer period of time.
Most people have a ratio of fast and slow muscle.fiber types
that would fall within the 40%-60% range. Excellent and elite
performers, therefore, have a higher ratio of the fiber type best |

. suited for their activity.-Elite long distance runners have as

high as 80%-85% slow fibers in muscles of the lower limbs.

17
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A motor unit is a
motor nerve and the
muscle cells which
it innervates

Muscle fibers in a
motor unit contract
according to the
“.all or none” law

Motor units of the
lower extremity
contain more
muscle fibers than
those in the upper
extremity
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- Those persons with a higher percemage of fast twitch fibers
in their lower limbs dre the ongs with great leaping abillties
such as the 5'10" basketball.player who can out jump the

6'6'' player, A muscle biopsy is necessary to determine the
specific ratio of fiber types in a muscle. You may perform a
very simple test to learn whether or not you seem lo be suited
for,sprint or for endurance activities. Thal test is the vertical
1un1p—-or jump and reach test. If you can increase your
standing reach by over 18''-20'", then you ‘probably will do
belter in sprint activities, These results assume that low mus-
cular strength, obesity, or poor neuromuscular coordlnatlon
are not the cause of the small incgease.in the jump and reach.
It has been shown that training may improve the efficiency of
contraction, but does not seem to markedly change the ratio
of the fast contracting fibers to the slow contracting fibers.

Another factor which cannot be altered by practice or
training is the number of muscle fibers in each motor unit. A
muscle consists of bundles of.muscle cells. A muscle cell is
called a muscle fiber. Several of these fibers are innervated or
supplied by. a motor nerve. This is the mbtor unit—a motor
nerve and the muscle fibers (cells) which.it innervates. The
strength of a muscle contraction is determined by the number
of muscle fibers in contraction at the same time. When the
motor unit fibers are stimulated to contract, they ‘contrac!
maximally. The force of contraction is reduced by calling inta
action fewer motor units. When a nerve impulse reaches the
muscle, it innervates all the fibers of the motor.unit which it
supplies. A maximum muscle contraction requirés all, o1

nearly all, of the muscle fibers to contract simultaneously. A

maximal contraction can therefore be held for only a shor
time, because the fibers soon fatigue. Submaximal muscle
contractions in which only some of the motor units contrac|
can continue for longer periods of time because thé moto
units can rotate in and out much as substitutes in a basketball
game. A team thathas only five players cannot play foras long
without resting as a team with substitutes. When substitutes
come in, individualsmay have rest periods to recover the
necessary strength to continue. 4

. All motor units do not contain the samé number of fibers
For example, only two or three fibers compose a motor unit ir
small muscles which control movements of the eyeballs. Sev,
eral hundred fibers constitute a motor unit in calf muscles o
the leg. In general, there are more muscle fibers in the moto
units of the muscles of the lower extremity than in the uppe
extremity. That is why the hands are capable of finer and mor
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Figure 10: This is the }noto; unit— a motor nerve and the muscle fibers (cells) which it - -
innervates, ) : . : - -
- ™ . . v ’
o B ‘ - . ) .
- \ = B
Y N i 0 O )
3 ~u
U . . 19

O

ERIC

Aruitoxt provided by Eic:

a



O

ERIC

Aruitoxt provided by Eic:

What Else?

External forces will
produce or alter
movement

20

precise movemuents than the feet, The strength of contractlon
of a single motor unit, the smallest unit of contraction, will be
greater in the lower extremity than in the upper extremity,

Through practice, itis possible for some persons to learn 1o
contract only a single motor unit at one time. Thus the reduc-
tion of musele tension is the goal of nearomuscular relaxation,
Many persons can therefore improve their coorclination by
fearning to contract only those muscles necessary to the
execution of the task athand, and only to the degree necessary
to provide adequate strength of contraction. A skilled player
can eliminate the extrancous movements in an action and is
thus more efficient.

in summary the following are inherited factors which de-
termine the magnitude of effective force which a muscle can
procluce:

1) the distance between'the muscle attachment and the joint
axis of rotation; : ‘
2) the ratio of muscle fiber types in each muscle;

3) the number of motor unitsin a muscle;

4) the number of muscle fibers per motor unit.

If you were to move in a vacuum, you would be only limited -
by the basic action of the muscle on the joint. But other -
external forces come to play on movement and influence itin
a myriad of ways. Unless you understand these forces, your
movements can be inappropriate, non-productive, and awk-
ward. '

You must consciously learn to predict which force will alter .
your movements and become skilled in accommodating
these conditions. Also in many sports, dance or in your daily
movement tasks, you may wish to alter the environment so
that it works with, rather than against you. An efficient per-
formance demonstrates the control that the performer has
over both external and internal forces.

In the preceding section the internal forces which are pro-
duced by muscle were discussed. Now, let us look at exter-
nal fogces which produce and/or affect all movement. Proba- .
bly the first external force that one thinks of is gravity. -

-
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Gravity attracts

oblects to the center

of lh‘u carth

Friction develops
when an oblect
moves across
anather

Water and air
provide fluid
resistance

How?

Size, shape, surface
and speed of
movement affect

. "the.amount of

resistance

1
-~

Dra'g refers to the

resistance an object
" meets as it moves -

through a fluid

3
o

Gravity is the force which keeps us from flying off into
space, s this gravitational force which brings the pole
vaulter back to the pit, and the thrown ball down to the
ground,

“Friction does not exist until one surface moves over
anothor, Although friction is a resistance, it can he beneficial
to our movement, We would have difficulty walking if we did
not have friction between our feet and the ground.

Fluid resistance is the third type of external force. Fluid
forces agt on all objects which move through the air or
through the water. Fluid resistance enables the baseball
pitcher to curve the ball or its way to the plate.

When we are performing an action in which the force is
directed downward, gravity is an ally andl increases the speed
of the downward movement. Gravitational force is not so
helpful however, when we want an upward projection. Here
the constant downward direction of the gravitational force is a-
resistance to movement which must be overcome. It takes
much more effort to jump over a five foot fence thah it does to
jump down from a five foot fence. Unless you are in a hurry,
the only force that would be nee led to jump down from the.
fence is enough to step off the fence. The force of gravity then
brings you down to the ground when you are no longer
supported by the fence.

While the force of gravity is often used to put objects in
motion and to accelerate an object which is moving down-
ward, the external forces of friction and fluid resistance serye

" to slow the speed of movement and/or to alter the flight path.

The amount of resistance produced by these forces depends
upon the size, shape, and smoothness of the surface of the
object and the speed at which it moves through the fluid. The
fluid itself also affects the resistance. The heavier the fluid the
greater the resistance.

Fluid forces are drag, lift, and the magnus effect. Drag is the
resistance to an objects’ movement through a fluid. This drag
may be a result of friction or of pressure. The surface of an
object affects the frictional drag force. The smoother the sur-
face, the less the resistance. Compare the changes in the
clothing worn by the Olympic speed skaters in the 1980
Olympics with that worn twelve years earlier. . '

21.
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. Figure 11: Gravitational.‘foX'e brings the pole vaulter back to the pit.
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Lftis the foree
which Is
perpendiicatar to
the drag

Why?

. Gravity is perpetual
and always acts in
the vertical
direction

Sliding friction is a
.gripping force

ERIC

Aruitoxt provided by Eic:

Fhe drag force resulting from Pressure is a functlon of
awrea of the object presentod to the air or water as the
maves through it The speed skater does not stand ug :
skates the entire race in-a flexed positlon, The Lunk hends
forward at the hips and the back Is kept as flat as possible,

Lilt is the foree which (s porpendicular 1o the path of motlon
of an object as it maves through o fluid and is, therefore,
perpendicular o the drag, It is the it which keeps abjects
afrhorive, The ski jumper seoks a position that will keep him
airborne as long as possible to increase the distance of his
fump. Friction and Ouid resistance are forces that must be
overcame or countered by the forces heing used to put an
object in motion ot keep it moving at a constant speed,

Gravity is the attraction that the earth has for all bodies.
Because of this attraction it causes objects to fall toward the
center of the earth at the rate of 32 ft./sec./sec. Gravity is
always acting and always acts in a vertical direction. In freely
falling bodies the rate of fall due to gravity can be slowed by
using the resistance of the air. A sky diver can alter the speed
of his fall by using dlifferent body positions. Presenting a broad:
surface slows the rate of fall, as does the parachute, while the
rate of fall is increased by falling feet first. : -

The two types of friction most often of concern to human
performance are sliding friction and rolling friction. Sliding*
friction acts only when a body is in motion or has some
tendency to start moving across the surface of another body.

" The amount of friction between two bodies can be modified

by altering the nature of the surfaces and/or changing the
forces that hold the two surfaces-together. Some examples of
situations in which we try to improve our grip by increasing
the friction between two surfaces are the use of a golf glove,

“the use of resin by the baseball pitcher, and wearing rubber

soled shoes when'walking on ice. s

In some situations, it"is desirable to reduce the friction
between the two adjoining surfaces. The bowler wears 3
leather soled shoe on the sliding foot and the skiier uses
waxed skis. The deck of a swimming pool becomes a hazard-
ous place to walk when it is wet because of the reduced
“grip.”” Removing some of the books from a box which'is too

50 23
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Rolting friction
oppases an abject’s
mation as 1 rolls
acrims o surface

Fluld resistance
varles with the
square of the
velocity

The larger the
object the greater
the fluid resistance
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hoavy 1o push across the Tloor Is anexample ol how the
amount of shiding frieton s affocted hy changing the Torces
which hold the two surfaces together, .

Rolling friction 15 the result of the deformation ol the two
surfaces, Fiokl hoekey playors must it the ball harder when
playing on a fleld with tall grass than when the grass has heen
rocontly eut or when they are playing on-an astro=turf type
surfaco, ‘

Alr roststanee 1 most often thought of as wind, This, how-
ever, should not he a synonymous usage, In the absence of |
wind, alr reststance 1s Increased by increasing the speed with
which you move, You have probably experienced this hy
holding your hantl out the window of a moving car, When a
caris traveling at 20 miles an hour, e resistanee is notleed,
but when the car s traveling 40 miles an hour, conslderably
more muscular effort is required to keep your hand in posl-
Hon. Fluid resistance varies with the square of the velocity,
This is true in the air or in water, in the example just cited the
speed was doubled which means the air resistance increased
four times.

tn activities which are held out-of-coors, wind can have
cither an adverse or a positive effect on performance. Running
into the wind results in slower progress whereas riding a
bicycle uphill with the wind blowing at your back makes the

hill climbing much easier. In general the larger the object, the, -

greater the air resistance (drag). In this case there is a larger
surface presented for the air to push against. You have proba-
bly experienced this when you held your hand out the car
window. When a car is moving fast, less resistance is felt when
the fingers or the side of your hand is held into the wind than
when the palm of the hand is facing forward. ‘o
Swimmers use drag to their advantage when they place
their hands so that they can "'grab” on to the water. The palm
is facing the direction opposite that in which they will move.
In actuality, the swimmer ""holds" on to the water and “pulls”
the bocly over his hand. As you paddle a canoe or row a
boat, the same thing is done. You present the broad surface of

". the paddle or oar to the water so that maximum resistance

(drag) will be encountered. As you apply force tothe paddle or
oar, the water resists and the canoe or boat glides through the
water. ) ‘

To reduce the resistance of the water, the canoeist *‘feath-

ers’ the paddle on the recovery by turning the edge of the
paddle to the water. This reduces the amount of surface area

N
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‘What Else?

The point at which
the force is applied
affects the action
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presonted to the water and reduces the drag, The swimmer in
the recovery phase of the side stroke reduces the surface area,
and-henen, the drag as the hand “sneaks’” back through the
water by feading with the finger tps,

The Magnus offect explaing how balls can curve as they
move through the air, This capacity to curve Is desirable I you
are the softhall pitcher, whereas, a long fly ball which curves
foul Is not appreciated hy the batter,

When a body ratates, ittends to carry with it the fluid which
s inccontaet with ts surface, This “covering” of fluld affecty
the fluld that it adjoins, When the fluld “covering” and the
fuid through which the object Is moving are maving in the
same direction, an area of low pressure Is created,

When the fluld “covering” is maving in a direction oppo-
site that of the fluid through which the object is spinning an
area of high pressure is created, This difference in pressure
causes the ball to move in the direction of the low pressure,
Whether a ball moving through the air exhibits top spin, back
spin, or side spin depends upon where the areas of high and
low pressure are located relative to the flight path of the ball,

When force is used to produce, to stop, or to alter the
motion of an object, the point at which the force is applied to
an object is important. If the object is to move in a straight line
or in a linear fashion, the force must be applied through the
center of mass of the object and the entire object must be free .
to move. If an object is resisted at one edge, like the page of a

- book, the only possible type of motion is rotatory, around the

bound edge of the page.

Another way in which rotation can occur is when the force
is not applied or received through the center of the object’s
mass. An off-center application of force is used when spin or a
rotating action is desired. Baseball pitchers',jand.batters, are
very familiar with the use of spin to make the ball rise, drop, or
curve as it travels to the plate. Rotation is also produced when -
a linear movement is suddenly checked. An example would
be sliding on a waxed floor and suddenly hitting a rug. Sud-
denly you find yourself moving head first,.or attempting, in
some way, to get your feet back under you. -

M
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Figure 12: An off-center appnlication of force is used when spin or rotating action is
desired. A center application is used to move an object in a straight line.
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How?

Maotion accurs
when the farces
acting on an olject
Aare greater in ane
cHirection than in
another

Why?

The movement path
of an object iy
determined by its
speed of rotation
*and its projection
velocity

What Else?

Maotion results when the forces acting on o hody are greater
in one direetion than in another, The object will move in the
direction of the greater forco, When you bump a glass af wator
with the hack of your hand the glass tips aver,

IFtwo or more farces are acting In the same direction they
may hetotaled, Thus a balloon thrown Into the air in the same
chirection the wind Is blowlng will travet a distanee equat 1o
the veloelty of projection and the velaclty of the wind,

When two opposite forees acton an objeet, movement witl
oceur inthe direction of the foree with the greater magnitudo,
A golf halbhitinto a netcauses the netto move in the direction
I which the halt was traveling,

The respltant motion or movement path of an object s
determined by the speed with which the object is tolating and
the speed with which It is traveling in a horlzontal direction,
The slower the velocity the greater will be the deviation from
astralght line as a result of the spin force, A ball which travels
faster reduces the effect of the spin, The effect of the spin is
seen earlier in a slow moving ball, and late or not at all on a
rapidly moving ball. Sometimes a ball 1s caught before the
spin has acted on the ball. The effect of spin and the rate of
movement is easily seen on a bowling ball, Often the ball does
not stay on the lane because the spin applied to the ball at
release has caused the ball to go into the channel (gutter)
before reaching the pins. A ball which is delivered with too
much linear spin reaches the pins hefore the spin force can
act,

Not ail of our movements are used to put objects in motion.
There are many occasions in which we want to stop or to slow
a moving object. The moving object may be your own body
landing from a jump or a dive or it may be the catching of a
ball or landing after a fall from a balance beam.

The quicker the moving object is stopped, the greater is the
risk of injury to the body or of rebound from the body. In some’
instances, we intend for a ball to rebound from our body such

27
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To lessen the
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absorbed
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as the bump pass in volleyhall. In this case, itis important to
know how 1o slow down the rehound to the desired rate of
speedd,

3

Fhe moving object shauld he slowed by increasing the
distaneo through which the objectimoves after contact, aid/or
increasing the size of the area which is absorbing the force of
the abject, This will keep the rlsk of injury and the changes of
the abject rebounding from the haody to a minimam,

Catching Involves the absorption of force of a movln/g ob-
ject, Aballis notoften caught if the hands and elbows are stiff,
The ball will rebound quickly from a firm surface, especially if
the ball is approaching at high speed. A surface can be made
less firm by reaching for the ball and “giving” at the elbow
and shoulder as the ball makes contact and by bringing the
ball and hands In toward the body, This increases the dlqmnce
over which the force is absorbed, The distance can be in-
creased even more by allowing the ball to come along the side
of the body. The distance can be increased further by having
the bady weight primarily over the forward foot when the ball
contacts the hands and shifting the weight to the rear foot as
the ball is brought in toward the bodly, If shifting welght and
permitting the ball to come behind the body still does not
adequately dlissipate the force, one must then atternpt to step
or to run backward with the object. '

Another way to think of increasing the distance through
whlch a force is absorbed, is to think in terms of Increasing the
time ‘over which the force is absorbed. The first thing to keep
in mind is to flex or to give with the joints when landing. You
will then end in a crouched position as a result of the flexion at
the ankle, knee, hip, and intervertebral joints. If total flexion
still does oot adequately absorb the force, a series of rebounds
into the air will increase the time of absorptlon This is fre-
quently seen when cheerleaders land from a jump or !eap and
absorb the force by one deep landing followed by two or three
bounces which use considerably less flexion of the ]omts
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Figure 13: "Giving” with the ball at the elbow and shoulder joint increases the distance
over which the force is absorbed.
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Figure 143 Flexion helps absorb force,
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Forie bs required

10 change the
direction of maving
objects

A spinning nbjedt
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direction it Is
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How?
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Thoe size of e diea soceiviag e Jece oF 3 Batk cain 1w
B d Dy Carly Biig e Bl s 1R By B Boadediians ds iy
saitehiies dhose widh faige Badls dhoee wWidh vakd shages i
aies sy R e Bredvy s A so Gid i dy i L e 4 G gha
e cato b e batl e pacaing adsa poaiits e Dall o anp e
gl gieabun dishang voafioe ovaaias FIan daes e il
(LM;IM;; v the Dy sl the l\»iﬁ"i

Feamading sd g staag PRise hie dioas o e iy sebas g
Biiph o o b vathos thaa the By deeas st Bas aiy elbign, 4
biver: ui i oubstieic hed Badt lidiedses e aied albgiting
the shiich o a fal Abdiy dopiiey Gooii B wiish Beddyee
presipte iy b hieak the lall whon talling Bacbw gid by seaching
with the haids cathey than Landing i the hipa. B e fois e
the Linding is vuite lange, thew g iall wilt helpag disaipate the
fois e By i seasing the e onv e whioh the faece iy absaibed
Pande Bubist> Witkihd aiiifer inainy fiaciuiea swhiea landing if they
hisd par learn hisw torall  gradaally absaiby the foice of the
Faniing Gyt violate these prins iples and land o teig
disivc ity with hitle gi o flexiai iy the jaints oF the lawes
Biale This by an exhibition of their abulity o caatiat their bogdy
pasition 1o the exteat that the bedy weight ieaiting aved the
teet when they land. B they have nol exedited the dizimogal
vl pres st yarwallsee them tes e jaints of be Taced by
Bahe d step o b o segain their habance.

Foten s peguited fo alter the difesion in which objeds
e A i shob i lennis aid o pilch sl i golf aee both
enimples of the etect af Boiess altering the ditecions of an
abjec I both cases the sehonivd of the ball s afiected. Why
does o haskethalbwhich s thiwn out on the thaar fetuii o the
thrower? i

What you are aestig in the above situations is the effect of
spin on the ehound of objects when they comtact g solid
suitce, A Dall will sehound fiom o wall oF & Hoor in the
e on I was spHEBInG, oF folating, when it makes contaed
with the sufac o,

Fo plav catch with yourself, you must push the hottom ol
the ball away from you so that it spins backward; that is, the
top of the batl seems to be coming back toward you. Whea

.
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the ball hits the floor, it will then come back to you. The faster.,
the ballis spinning, the sharper the angle of the return. When
the ball goes to the side as you are bouncing it, the ball was
spinning to the right or to the left when it contacted the floor. -
. In other words, you did not push with equal force with-both
hands or if you were using just one hand, you did not push
through the center of the ball, but off to one sudc causing the

ball to spin.
Spin results when In order to cause a ball to spin, force must be applied to the
force is applied ball off-center. This force can be applied by the hands, a .
off center of the racket, or the foot when kicking. The source of the applied
object force is not important. The two factors which determine the

behavior of the ball are where the force is applied relative to
the center of gravity of the ball, and the amount of force
applied. _
When the top of the ball is moving away from you, the ball
is said to have top spin. Conversely, when the top of the ball
seems to'be coming back toward you, this is called backspin.
These spins are occurring around the horizontal axis of the
ball and will alter the height and length of the rebound. When -
the ball rotates around a vertical axis, as though the ball were
on arod which could be stuck in the ground, the spins created
are calléd right (clockwise) and left (counterclockwise) spin.” -
These spins affect the direction of the rebound but not the .
height or distance. ~
Spin is applied to a ball by administering the projecting -
force off center. The diagram on page 34 may help you to .
understand the spin which will result when force is applied at
a specified point on the ball. In actual situations a ball is
usually experiencing a comblnatlon of spin forces rather than
only one. .
If a ball is thrown with the pro;ectmg force apphed at pomt
1, no spin will result because the force is applied through the -
object’s center of gravity. This assumes that the ball is' per-
fectly symmetrical. This is not always the case due to the -~
presencé of infldtion valves and/or laces on the ball. Projec--
tion forces concentrated at point 2 will resultdn topspin, at
point 6, backspin. Force applied at point 4 cauges the ball to .
go to the left, at point 8, to the right. Points 3, 5, 7, and 9 -
, represent locations which will produce a combination of top
L) ‘ or backspin with right or left spin. For example, kicking the .-
) ball at the point 5 location will apply back and left spin to the
ball. When the ball lands, it will tend to rebound slightly to the
right and retreat. When a batted ball is contacted at point 9,
lhe rebound will be to the left and away from you. The speed
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Figure 15: One ol the factors that determines the behavior of a ball is the point at which
force’is applied. '
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and length of rebound are determined by the amount of force
applied at contact.

'

Theoretically the angle of incidence equals the angle of
rebound. That is a ball with no spin will rebound from a flat
surface at the same angle at which it approached the surface.
In actual practice this is rarely true but it will serve as a basis to
explain how spin alters the rebound behavior of a ball.

- Three factors affect the angle of the rebound:

] .
1) spin that the ball possesses prior to contact;
2) the amount of friction between the ball and the contact-

~ surface; ' .
3) the amount of "“give” to the ball which is known as its
coefficient of restitution. ) ' N
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The faster the top
spin the faster the
rebound

+

An object that skids _
is not affected by its

spin while skidding

A soft ball will
rebound lower than
a hard ball given the
same size and
applied force

Some energy is
converted into heat
at impact

3pin in the direction
of flight will cause
the rebound to be
c]oserrlo the surface
than if the spin is
»pposite to the
firection of flight

Right spin causes a
xall to rebound to
he left. Left spin
:auses a right
ebound

The greater the forward (top spin), the closer the ball will
stay to the surface from which it rebounds. A ball which
possesses back spin prior to contact will rebound at a more
vertical angle. If there is sufficient spin the ball will rebound.-
from the surface in the direction from which it came. Skilled
tennis players are able to apply sufficient back spin to a drop
shot causing it to bounce back across ‘the net before the -
opponent can get a racket on it! Top or forward spin also will
increase the speed at which the hall rebounds from the sur-
face. The more top spin the faster the rebound.

The friction between the ball and the surface determines
when the spin force takes effect. A ball which skids through its
first bounce will behave as though it had no spm at all. The

~ first bounce will reduce its forward.motion and the spin will

then take effect on the next contact. Golfers hitting an ap-

- proach shot to a wet green have experienced this. The delayed

effect of the spin force s also seen inten pin bowling when the
ball contacts the lane and skids several feet before beginning
to roll. Spin on the ballis ineffective while the ball is skidding.

A ball with a low coefficient of restitution will stay closer to
the surface from which it rebounds than will a ball with a
higher coefficient of restitution. A soft or spongey ball loses
more energy as it is deformed upon contact and therefore
rebounds more slowly from the surface. A "*hard" ball, such as
a golf ball rebounds more sharply. Energy lost at impact is
converted into heat so that the ball is hotter after impact than it
was before. This fact is of little importance for single bounces
or impacts, but in a game such as squash or racquetball,
where the ball is hit in rapid succession, the ball will get
noticeably hotter and play faster.

Balls behave in a similar fashion as they_rebound from a
wall or some vertical surface. A basketball with top spin
around a horizontal axis'will rebound farther from the
backboard and one with back spin will stay closer to the board
on the rebound. This is why good shooters usually release the
ball so that back spin is applied. This not only brings the ball
down ata'more vertical angle to the basket, but it will keep the
ball closer to the board on a rebound and increase the possi- .
bility of-the ball dropping in on the rebound. In racquetball a
ball approaching the wall from below with top, spin will
rebound closer to the wall whereas a ball with back spin will
rebound farther away from the wall. In games such as hand-
ball or racquetball where the rebound of the ball from the wall
is altered by the type and amount of spin applied to the ball at
contact, the ball frequently is spinning about a vertical axis

/
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Figure 16: Backspin will cause a ball to remain closer to the backboard on the rebound.’
SO
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What Else?

The body can rotate
.in three planes

How?
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and right or left spin is used to keep the ball closer to the wall
on the rebound or to bring it back more sharply from the wall.
A ball approaching the wall from the right will stay closer to
the wall on the rebound with the right spin and will rebound
farther from the wall if left spin has been applied. When the
ball approaches from the left, right spin causes it to rebound
farther from the wall while left spin keeps it closer to the wall.
In general, right spin, around a vertical axis, causes the ball to
reboundto the left and left spin, around a vertical axis, causes
the ball to rebound to the right. -

The body also spins when in contact with a suppbrting
stirfface and when in the air. Spin of the body is often called a
twist or rotation. The diver rotates the body before entering
the water and the ice skater spins while in contact with the ice.

The body can rotate (spin) in three different planes. The ™

body parts of the ice skater or the ballet dancer doing a

pirouette move in a transverse plane as the performer turns,

around the supporting foot. The gymnast doing a cartwheel
moves in the frontal plane and moves in the sagittal plane
when performing a forward roll. Spinning movements of the
body are easiest when performed in the transverse plane. The
most difficult rotational skills are those which requ:re the

“body to move in the frontal plane.

7

Rotation in the body is produced in the same way as it’is
with a ball — an off-center application of force. The force
which causes the body to rotate is called angular momentum.
Angular momentum is acquired by checking linear move-
ment, applying force off-center or by the transfer of momen-
tum,

An example of rotation of the body as a result of checking
linear movement is seen when you slide on the ice and
suddenly hit a bare spot. The friction is greater between the
bare spot and the foot; the foot stops but the body continues to

move forward by rotating over the “’stuck’ foot. An example

of rotation as a result of an off-center application of force is

when the diver leansslightly forward so that the center of mass

of the bodly is ahead of the contact point with the board. When

;A-ff:‘.l\ .. . N ‘ 37
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Figure 17: The body can rotate in three planes: transverse; frontal; sagittal,
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‘Why?

Angular
momentum =
angular velocity x

moment of inertia

Moment of inertia =
mass X distance to
axis of rotation

The speed of
rotation can be
increased by
reducing the
resistance to
rotation '
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the lower limbs are extended, the force will produce a lift and
forward rotation to the body. .

Momentum developed by one part of the body can be
transferred to another object or to another part of the body or
to the whole body. For example, assume that you are doing
sit-ups in a supine position and the arms are over the head. A
rapid, vigorous forward and upward swing of the arms which
is quickly checked at a 45° angle to the horizontal will transfer
their momentum to the trunk and cause you to sit up with little
ar no help from the abdominal muscles.

Another useful example of transfer of momentum which is
used to transfer linear momentum into vertical momentum is
the quick knee lift. Many fouls in basketball occur on lay-up
shots. If the horizontal momentum of the player is not
adequately checked the defensive player is decked. A quick

lift of the knee of the lead leg will set up a backward rotation of

the body which will counter some of the forward momentum
produced during the run and will not only reduce the inci-
dence of fouling but will increase the height of the jump by
transferring more of the horizontal momentum into vertical
movement, :

.

3 S

Spinning movements of the body are the result of angular
momentum. Angular momentum is the product of angular
velocity (speed of turning) and the moment of inertia (resis-
tance to turning). The moment of inertia is the product of mass
and the distance to the axis of rotation. Remember t?finertia
is the resistance to change so the moment of inertia fepresents
the force which must be overcome to produce rotation or to -
change the speed of rotation. '

The speed of rotation {(angular velocity) can be increased by
reducing the resistance to rotation {moment of inertia). This is
accomplished by tucking or by bringing the arms in close to
the body. Again, the spinning of an ice skater is an example.
The skater develops' a given angular velocity. This velocity
can be increased when the arms are brought in close to the
body. This will increase the velocity of the spin by about
three-fold. When the skater wishes to stop or to slow down the
spin, the arms are unfolded and abducted at the shoulder. This
illustrates how the speed of rotation is governed by the mo-
ment of inertia and how that momentum is conserved.

39
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What Eise?

When forceyare
counter-balanced
by equal and

‘opposite forces,

equilibrium is
maintained

40

Batting involves rotation ¢ f the trunk. The moment of inertia
is changed by the placement of the hands on the bat. When
you '‘choke up’” on the bat by placing the hands several
inches from the end of the bat, the moment of inertia is

reduced and you can swing the bat faster than when you hold.

the bat at the very end of the grip. To handle “adult’” size
sports implements, children must ""choke up’” or *“grip down"’
on them to reduce the resistance to rotation. '

Let us look at diving and the three basic positions: tuck,
pike, and lay-out. In which position do you turn faster? Which
position would you choose if you were to rotate three times
before entering the water? You can do more rotations in a tuck
position than either of the other two positions and the fewest

in the lay-out !l because of the change in the moment of -

merha

N

When the body, other objects, and the environment are in. -

‘harmony, the movements feel and look effortless — indeed a

picture of grace and poise. Time seems to stand still and.you

and the movement are one. When this peak experience is.

present, you are “playing with the ball’ rather than the "*ball
(or enwronment) playing with you.” Much of this feeling
comes from your ability to maintain your equilibrium as you

~resist forces or keep your stability to cause or resist motion.

What do a clown riding a bicycle on a high wire, a girl
holding a scale position on the balance beam, and a catcher in

a crouch position have in common? All are trying to maintain

their equilibrium. Many of the activities which we perform
dmly are those in which we are trying to maintain a particular

as with the clown. The clown kept his balance by keeping his
weight and the weight of the bicycle centered over the wire.

The girl on the beam keeps her weight centered over the beam - '

and the catcher must balance his weight over his toes.

Fa
2

“position, pose, or\attltude This is called keeping our balance. "
Equilibrium is maintained when all the forces acting on the
body are counterbalanced by equal and opposite forces. The -
body may remain at rest, as with the girl on the beam-and the .
catcher, or it may move with uniform motion in a straight line -




Equilibrium is
attained when the
center of gravity is
over the base of
support

The center of
gravity is the point
at which the weight
of a body may be
considered to be
- concentrated

The base of support
of the human body
is the area outlined
by the supporting
body surfaces

The greater the
stability of an object
the more difficult

itis to disturb its
equilibrium

Neutral equilibrium
occurs when the -
-moving object’s .
center of gravity
rémains at the same
height .

&

Unstable cquilibrium’ X

_causes the center of .
gravity to move to a
lower level

A body is in equilibrium when its center of gravity is over its
base of support so that the line of gravity falls within the
confines of the base. The center of gravity isthe pointat which .
all of the weight of a body may be considered to be concen-
trated. This point may lie within the confines of the body or it
may be located outside the physical confines. Where is the
center of gravity of a hula hoop? That's right, in the center. The
center of gravity of a racquet ball would be at the geometric
center of the ball. This center of gravity of an object is not
ahways located at the geometric cenier; it may be off center as
with a golf club or a tennis racket. The line of gravity is an
imaginary line extended from_the center of gravity toward the
center of the earth. For practical purposes, this line is perpen-
dicular to the surface of the earth. ’

The base of support of the human body is the area outlined
by the body surfaces which support its w'cigh't. Larger body
surfaces provide greater stability; that is, sitting down is a

. more stable position than standing. An increase in the number

of parts which support the body tend to increase the area of
support. This makes an all fours position more stable than |ust
standm;, on two feet. .

"Stability is resistance to change, or the capacity of an object
to return to equilibrium or to its original position after having

been displaced. The greater the stability of an object the more

difficult it is to disturb its equilibrium. A child’s toy such as a
large clown with a weighted base always returns to the upright
position after it has been pushed over. The'center of gravity
has been moved near the edge of the base of support but has
not moved beyond the edge of the base. When the pushing
force and its effects are removed the clown returns to its

= original position. This illustrates stable equilibrium. An object

is said to be stable when movement of the object causes its
center of gravity to be raised from its original position.

A perfectly round ball lying on a table is ah example of an *
object with neutral equilibrium. The ball may move in any
direction, but its center of gravity does not change its position
relative to the supporting surface. The center of gravity of an
object possessing neutral stability remains at the same helght
when thé object. moves.

Movement of -an object with unstable equilibrium will
cause its center of gravity to move to a lower level. This is the
case of objects with a small base and a high center of gravity.
A top is a good example. When the top is not spinning, it is
very difficult to balance the top on its base. Standing on one

|
B
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foot with the free foot raised in front of the body is also an
unstable position.

How?

Have you ever noticed how a dog lowers its center of
gravity by crouching down low when it doesn’t want to go in
the direction suggested when being walked on a leash? It often
widens |ts base atthe same time by assuming a stance which is
slightly ‘'wider than its normal walking alignment. When
someone is trying to push you off your feet one of your first -
reactions is to flex your knees in order to lower your center of -
gravity and you will then place your feet farther apart. In
which direction do you widen your stance? In the direction of
the shove or perpendicular to the oncoming force? Stability is
increased as the base is widened in the direction of the on-
comingforce. If the base is not widened, your equilibrium will
be disturbed as the line of gravityis forced outside the base of
support. If you cannot move your feet quickly enough to get
them under your center of gravity again, you will find that you
have established a new base 6f support by sitting on the floor!

Stability depends In summary the greatest stability is achieved with a large

upon the height of base of support, a low center of gravity, and the center of -

_ the center of gravity centered over the base of support. When the dlrectlon o

“gravity, direction ~ of disturbing forces is known, stability is further increased by

and size of the base widening the base in the direction of the oncoming force and
-0 of support, and the by moving the center of gravity as close to the edge of the base

location of the line nearest the approaching disturbing force.

of gravity over the . ,

" base

" Why?

There are several factors to consider when enlargmg the -
base of support:

‘1) the direction from which the potentlally dtsturbmg forces
will be coming;

2) the amount of friction between your base of support and
the supporting surface; -

®

3) the injury potential to the joints of your body:
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Flgure 18: Stabihty is increased by Iowerlng the center of gravity and wudemng the base
of support in the direction of the imposed force.
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The size of the base
of support must be
proportional to the
degree of force to
be resisted

The degree of
friction betweed
the base of support
and supporting
surface governs the
potential size of
the base of support

Anatomical
structure limits the
size and direction
of the base of
support

Widen the base in
the direction of the
oncoming force

* Shift the line of

gravity toward the
oncoming force
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Refer again to the example of someone trying to push you
off of your feet. The dvj;vm’nce which you separate your feet is
dependent Upon,_the‘flmount of force which you must supply
to counter the force of your adversary’s pushing action. If only
a slight push is anticipated the feet need not be separated too
far, but the distance must be increased as the force of the push.
is increased.

Another factor which will affect the distance that the feet
can be separated safely is the friction between the feet and the
floor. if in stocking feet on a waxed floor, the feet will start to
slide out from under the body when spread more than tha
width of the hips. If spiked or cleated shoes are worn the feet
may be spread further without slipping. Many people wear
some type of cleated shoes when walking on packed snow or
ice so that they may take longer steps without slipping.

The musculature of the lower extremity is usually the
source of a large part of the internal force used to counteract
external forces. Therefore the body must be kept in proper
alignment so that the necessary forces can be adequately
developed and applied. At times widening of the base to
increase stability is sacrificed for the efficiency of force appli-

“cation. You should make every effort to insure that a sudden

slip will not occur as-this could cause injury to the joints
and/or muscles. : _

- A spotter at the horse in gymnastics does not stand with the
feet together but has them spread in the direction of the person.
coming over the apparatus. In other words the spotter has
widened the base in the direction of the oncoming force.
Stability can be increased even further-in this situation by
placing the weight over the foot nearest the horse. This per-
mits the spotter’s line of gravity to move across the base from
one side to the other and reduces the chance of loss of

“balance. if the vaulter contacts the spotter who has the line of:

gravity over the center of the base there is only half the
distance to sway before balahce will be lost. Again, if the feet
can move quickly enough, the spotter may not fall, but spot-
ters are often caught napping and not in a position of readiness
to receive the oncoming force.

One of the most frequent violations in basketball is travel-
ing. This.often occurs as the player attempts to stop after
moving rapidly. Most of these violations could be prevented if
the player would drop the weight closer to the base by flexing
the lower limbs, placing the feet in a forward stride position
and centering the weight primarily over the rear foot so that

&n
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To move quickly in
a known direction
raise the ceater of
gravity and mave it
toward the edge of
the base in the
direction that
movement will -
occur

To move quickly in
an unknown
direction keep the
center of gravity
relatively high and

the base narrow

the weight canshiftforward across the base of support without
pulling the rear fuot off the floor.

The degree of stability desired at any one time is dependent
upon the task at hand. Some of our activitios reguire momen-
tary equilibrium and the ability to move quickly, Examples of
this situation would be the start in the sprints in track and in
swimming. The pertormers have the base rather narrow in the
directiondn which movement is to ocour, the conter of gravity
high and very close to the front edge ot the base. At the sound
ot the gun, the athlete easily moves the center ot gravity
outside the tront edae ot the base of support. In actuality the
front edge of the base is removed as the hands come oft the
track and the teet off the blocks. Gravity then assists in getting
the pertormer moving by pulling the body down. Gravity is
providing some of the force necessany to ov ercome the resting
inertia of the body and theretore most of the force produced
by the body can be used to move the performer forward.

Badminton is an activity in which the player must be ready
to move rather instantaneously in an unknown direction. So
the ready position is one of narrow stance; weight on the balls
of the feet and the center of gravity is s relatively high so that the
player may move quickly in any direction. Wrestlers by com-
parison have their weight tow, feet spread far apart, ready to
receive weight and to apply force without Imm;, their bal-
ance. They want a stable position.

Older persons take shorter strides and walk with their feet
farther apart than do teenagers. This is a compensatory action
for the increased difficulty in maintaining their balance so -
they are w1demn3., their base of support and keeping the center
of gravity over the base of support at all times rather than
allowing itto fall ahead of the support foot and gambling that
the swinging foot will get down in time to keep them from
falling. Walking has been defined by many as a series of
catastrophies narrowly averted. Older persons have weaker
muscles which extend the leg at the knee so they cannot take
as great a risk when walking as can the younger person with
stronger muscles and quicker reflexes.

In summary, to move quickly in a known direction one

" mustkeep 1) the base narrow in the known direction, 2) center

of gravity high, and 3) close to the movement edge of the base.
To achieve maximum stability against forces from a known
direction 1) widen the base in the direction of the farces, 2)
keep the center of gravity Iow dnd near to the front edge of the
base.

i
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What Else?

A projectile moves
under the influence
of the projecting
force, gravity, and
air resistance

Trajectory is
dependent upon

the vertical -

and horizontal
velocities imparted

at the time of
proieclion'and the
external forces
occuring'during fli&;hl

46 °

Balance isimportant to everything that we do whetheritisa
static activity or a dynamic activity. Violation of the principles
of equilibrium and stability affect the accuracy of our move-
ments and may also influence the force available for moving
an object in the desired direction. Whether the activity is
wnlkin;7 on the hands, doing a head stand, catching.a;ball,

A “yrunningthe hurdles, or sitting on the fence, if thebocly isnotin

equlhl)rlum undlesirable movement will occur which will
affet the’ execution of the desired action. These undesired
actions are usually reflex in.nature and are done without
tonscious thought. The movements lead to a righting of the
body. keeping the center of gravity over the feet if possible,
trying to prevent a fall. If-a bowler is off-batance you will see
gyrations of all sorts at the moment the ball is released. The
arms and tegs flail in righting of the'bodly, l\eepm;, the center
of gravity over the feet if possible, trying to prevent a fall.1fa
bowler is off-balance, you will see gyrations of all sorts at the
moment the ball is released. The arms and legs flail in the air

- seeking to balance the body over the foot as the weight is

sucddenly reduced with the release of the ball. The bowler who
is in equilibrium at the release will hold the position over one
foot with no change in the body except the follow-through
with the arm releasing the ball. i

'

Much of our sport activity centers around throwing or hit-
ting some type of ball or propelling ourselves into_the_air-
These actions are known as projections. A projectile is any
ohject which is given initial velocity and then allowed to’
move freely in space under the influence of gravity and other
outside forces. Three forces, therefore, act on a projectile:

1) theforces which overcome the inertia of the projectile and
put it in motion; ] .

2) gravity;

~ 3) air resistance. ' -

The path which the object travels after projection is known
as the trajectory. The trajectory is therefore dependent upon
the resultant of the vertical and horizontal velocities of the
object at projection and the external forces acting on the
object during the flight.

Gravity exerts a constant downward force on a pro;ecule
and moves it toward the earth at a constant rate of speed. Air-
resistance-tends to decrease the horizontal distance which the
projectile will travel. ' ' .

1
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How?

The angle of
projection’
influences the time
the-object will be
alrborne . ' -

The projection
velocity influences
the distance the
bbfed will travel

‘'

The projecting force

jis affected by the

proper sequential
contraction of
body parts

Force will be reduced

if firm contact is not .. .

maintained at the
moment of projection

F
The accuracy of a projection depends upon how well the -
effects of the forces which act during flight have been esti-

mated and accounted for at the moment of release.

.

Keep in mind that.the effectiveness of a projection is de-
pendent upon the interaction of the angle of projeclion and
the velocity at which the object is traveling al projection. The
angle of projection influences the length of time the object
will stay in the air. The velocity influences the distance that

-the object will travel. This distance may be in a vertical
. direction, in a horizontal direction or somewhere in be-

tween.
The projections with whigh we are most concerned are’
those in which the projection force is produced by muscle

- contraction and the summation of the resultant momentum of

the body parts. An example of the human body as a projectile
in which muscle contraction does not produce the projecting

- force would be when one is shot out of a cannon!

Listed below are factors which are common to all types of
projections. These factors influence the velocity at projection

“when the force is produced through muscular contraction.

These factors must be considered whether the projectile is put
in flight by throwing, pushing, kicking, striking, or jumping.

1. Proper sequential action of body parts. Most projection
skills involve a sequential action of the body parts. Following
the backswing, or a windup, muscles of the hips and trunk
contract to get the body moving. The trunk rotation is then
followed by action atthe shoulder, then the elbow and wrist if

.these upper limb joint actions are involved in the skill. This
basic sequence of events is seen in both single arm projections

such as a tennis drive and in double arm projections such as
batting. The action is basically the same when kicking but the
lower limb is used rather than the upper. The trunk rotation is
followed by-action at the lumbo-sacral joint, the hip, knee,
and ankle joints. The coordination of the actions is not con-

" sciously controlled, but is carrled out for us by sub cortical

centers of the brain. .

2. Firm contact or connection. As forces are develop‘ed
within the body, pressure will be applied to the supporting
surface by the feet. If the contact between the feet and the
supportlng surface i is not fnrm some of the developed force

o 47
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will be used up in moving the surlaee, The supporting surface
must exert back against the body the same force which has
been applicd against itifmaximum distance is to e achieved,
Alljoints of the body must be held in their proper position by
muse ular contraction or force will be “absorbesl” at the joints
and will reduce the force avaitable for projection,

For example it is not possible to jump as far on a dry sand
beach asitis on a well-prepared track surface, When the feet
apply force against the sand some of the muscular force that
was developed is used to move the sand and the reaction force
of the ground is reduced, '

Distance is also lost when the person loses contact with lhe

. ground it projection or impact. The air cannot begin lo offer
the counterforce that the solid ground does. You cannolt throw
a ball as far when you jump in the air to release it as you can
when you have a solid foot contact with the floor or ground.

‘A follow-through 3. Follow-through. Follow-through helps to insure peak ve-
facilitates projection locity through impact or release. if the follow-through is cut
at maximum velocity  short of the projection, velocity has usually been reduced prior
" torelegseof the ball or contact with the object to be projected.

Balance is essential 4. Balance. A balanced position is essential to good force
for the proper production. Loss of balance during the. force production pro-
evecution of all skills — “:cess will usually result in reduced velocity at impact or re--
: _lease. . The loss of balance usually affects the directioh in-
which force is applied to the gbject and this frequently results

‘inan off center application of force. This off center application

produces rotation of the object and this_ rotation affects the

direction of the projection and also reduces the distance it will

trayel,,
Reduce the angle How does air resistance influence the angle of projection?
when the projectionis  When projecting an object into the wind the'horizontal com-
into the wind ponent of the projecting force should be increased by lower-

ing the angle from that used if there were no wind. This

increased horizontal force is needed to negate some of the air
resistarice and to reduce the time that the object isin the airto ™
. be acted upon by the'wind. :
Increase the angle of . When throwing with the wind at your back, a tail wmd
projection when the throw at a slightly increased angle of projection sothat the ball
wind is at your back stays in the air longer. This allows more time for the wind to
push the ball forward. The direction from which the wind is
blowing often (!etermmes whether or not a high'fly ball hitto
the outfield will drop for a "homerun or be caught for an out. If
the ball is traveling into the wind the balt drops more vertically

: aridd does not go as’far as when the wind is with the ball.

-3
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Aim into a crosswind IFw crosswind will bo acting on the flight of the hall it must
be aimed into the wind. The end result then will he the

combination of the forward force that the thrower has applied

and the force of the wind acting at an angle to the desired path.

The effects of a crosswind must be considered in archery, If
youraim for the target when a strong crosswind is blowing the
arrow will be blown off course and miss the target completely,
At times the archer may need to aim at 4 point that is not
directly inline with the intended target.

Why?

Optimum angle of s impassible to prescribe angles of projection that are
projection is : optimal for all persons, all objects and all situations. A taller
influenced by velocity  pérson can use a lower angle of projection thar a shorler
atrelease, height of  person<to atlain the same distance. After determining the
release, size and purpose of the projection, the variables to be considered in
shape of object - selecting the optimal angle are velocity.at release, height of

release and size and shape™of the projectile.

Aaximum distance is Optimum projection angles differ when the projection level
chieved with a 45° and landing level are not at the same height. If the object is to
ingle of projection  land at the same level from which it was projected then 45°is
vhenthe levelof  i'> optimum angle to achieve maximum distance. It takes the

t

elease and landing same time for the object to reach its maximum height as it
re at the same height  does to land. If the object is to land at a Jevel lower than‘the
o - height from which it is projected, the optimum angle is less

than 45° The greater the velocity at projection the more

nearly the optimum angle approaches 45°. For most objects

anincrease in the'speed at release producésa greater horizon-

tal distance than does a comparable increase in the height at

; . release. ‘
o keep the object in When the purpose of the projection is to keep the ohject in
1e air as long as the air as long as possible the vertical velocity should be

ossible increase the  increased. An example would be a high punt in soccer of -

ertical velocity and.  football which stays in the air long enough for the defensive
ngle of projection ~  players to run down the field to cover the receiver. ;

L The height of release influences the time the object will stay

in the air. Gravity causes all objects to fall at the rate of 32

ft/sec.? The time that a projectile is in the air will be increased

= -~ as the height of projection is increased. Horizontal distance

covered is at its maximum when the object remains in the air

long enough for all of the horizontal velocity. lo be spent m

. overcoming air resistance. When this*happens the object

- “ drops straight down because gravity is the only remaining

~4
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. 'Figure 19: Crosswind effects should be considered in activities such as.archery.
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foret® acting on the object, This is hest seen in the flight of a
Roll ball which has been hit with a very high ¢lub head
votocity, Landing fronya fong jump witt feet as though you are
tanding on a feather bed I the horizontal projection foree has
heen fully used up during the flight. Usuatly the feet come
down too soon and the fegs must absorb some of the horizon-
tal force as woll as the accerleration forces die to gravity.,

Distance Is galned by The objectheing projected often dictates the desired angle
‘Kere.\slnu the of projection, The design of modern javelins is such that the
hoglzantal projection uplin‘l.ll angle of projection is 35° or lower, perhaps nearer to

ru

for the experienced thrower, The thrower should concens
lr.\lo primiarily on factors which will increase the horizontal
velocity of the javelin at release since thishas a greater effect
on horizontal distance than does a comparable increase in the
angle of projection. Keep in mind that another reason the
) angle is less than 45° is that the release point is highor than the
N+ landing point-

veldgity

What Else? \ | "

\ g

Whaldao smlmg,a frisbie, pitching a softball, hitting a player
in dodgeball,y passing a football for a touchdown, pitching
horseshoes, and tossing an empty can in the wastebasket Rave
in common? They all involve throwing., Throwing can be
done overhand, as in passing for a touchdown, underhand

. when pilching in softball and: horseshoes, and sidearm when
- throwing a discus. As for tossing an empty can in a wastebas-
ket, theslyles are myriad-—easy underhand toss, justasnapof
' the fvrist, a hook shot, behind the back, perhaps over the head
R while facing away front the basket. '
. What determines the success of a throw? Is'it determined by
+how far the object travels? How fast? How high? Hitting a
. - target? Each may be right since it depends oh the purpose.
v . However regardless of the purpose of any throw, it involves
the projection of an object through space. The success of any
v’ projection is ldr&,ely determined at the moment the object is
released. After. relea: 2, the.object will be influenced by out-
~ side factorg such as air lesmance <'nd gravity. Prior to release
* * the movement of the body or parts of the hody determines the
: path-tixe object will travel. That path is determined by the
speed at which the object is travellng at the mornent of release
.~ and the angle at which the object is presjected. A
If speed is important, It is important-to km(w the purpose “of the throw. The -
use a flat trajectory dulred angle of release and- necessary speed at release will

/
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How?

'Seqm-nlial movement
of bady parts
generates force to be
imparted to the object
at release
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depend upon the purpose of the thiow, s the batlto rolt along
e grovined, or is i to stay in the air as long as possiblod 1s the

Hhodlthrown tathe ttoor o hovnce ona target, oris itthrown on

A hine by the second basenan 1o the first basemant s it
impartant to get the hall to its destination as rapldly an poss-
ble, or is i unimportante When the speed of the throw Is
important, the hall should have as that a trajectory as possibloe
to reach the cesired target. For example o shortstop, after
nelding a groundhatl, wilt keep the throw to the tirst or second
Baseman axs at as possible so that the hatlwill geto the base
oy quickly an possiblo, Think of the frustration as the first
Basennn waits tor the hatl o come down from o high are as
the resultof an ut ulmh,uul throw Lo first, The shortest distance
hetween two points is| W straight line!

When the object of lhu \Im)w is to keep the hall in the alr as
long as possible then the .m;,lu of release is 9010 the horizon-
ol'

The weight, size, and shape of the object to be thrown often
determine the style or form with which the projection will be
made. Fleavier objects such as bricks are usually thrown with
an underarm paltern or a pushing action. Theltw0 hand
underarm pattern is required when an object cannot be con-
trolled by one hand. Overarm and sidearm patterns usually
produce more force than an underarm pattern. This is the
result of a longer backswing and a greater amount of trunk
rotation, Regardless of the pattern the sequence of body ac-
tions is similar. At the end of the backswing there is a shift of .
the body weight to initiate the forward movement. This is
followed sequentially by rotation of the pelvis and rotation of
the trunk, followed by action in the shoulder area, and, de-
pending upon the object being thrown and the pattern used,
action at the elbow joint and wrist. The velocity which is
generated during the “windup’” is imparted to the object by
the fingers or the hand. |

The velocity at which the object, will travel at release.is
influenced by the following force producers:

1) length of backswing; .
2) numl)er of body parts use(l

3) sequentml summation of forces

4) speed at which the body parts move. .



Angle of projection is Factors which affectthe angle of projection are the position

affected by pmitton of — of the hand relativer 1o the desired Tine of Hight al release and
v hand al release aml the point on the are at which the release occurs,

the palt on the are

where the release

Hectrs

Why?

the basic concerns in throwing are o dovelop the neces-
sary speed in the hand and to et go of the object al the praper
noment so that the ebject reachoes s target,

Speed of the hand prior 1o release depends upon the time
antl distance over which momentum can be developed, The
following techniques should be used 1o increase time and
distance,

¢

Lengthen backswing 1 Lengthen the backswing. This is accomplished not only
to increase force. with the arm hut can usually include tuming the hody so that
: the opposite side s toward the direction of the projection,
Shifting the weight over the rear oot also lengthens the
backswing. In many activities the distance of the backswing is
increased by taking a stride or step forward or in some in-
stances; a.hop, a skip, or*a short run before the object is
released. A spinning of the body is seeni in the discus throw to
increase the time over which momentum is developed.

[

Use maximum number  2) Use the maximum number of body segments which can |
of body segments to  contribute positively loward the development of force for the
increase force throw, This means that you should use your lower limb and
trunk to throw a ball and not just the upper body, The muscles
of the lower Fimbs are the strongest in the body so use themto
. “drive’” forward into the throw. The body should be forward
of the rear foot and the body mass should be moving in the
direction of the throw at release,

The summation of 3) Add body parts sequentially. This may be called the sum-
forces will increase ~ mation of forces or the sequential action of body parts. This
force “summing’’ action is not done under your conscious direc- -

-

tion, but is neurologically controlled by subcortical areas of
the brain. If maximum force is to be produced, each succes-
- sive body part should come into action as the one below it.
reaches its maximum velocity and minimal acceleration. The
timing of these actions is so pregise that only the subcortical
levels of the nervous system can direct the actions. When we
try to control segmental summation, we ““foul”’ it up. Surely
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Speed of movement of
bouly parts affects
amonat of force
develuped

What Else?

Kicking, batting, and
using a club or a
racket are projection
skills

54

you have experionced this as you iry to think about what your
ethaw or your shoulder is doing when you throw, You should
concentrate on the end result, What Is it you want the batl to
o where do you want it o got Precise iming Is required so
that the momentum of previous movements s conserved and
can he passed on o the next segment or o the object ot
rolease,

A Spead ap the rate of movement of the bodyg pants, The
specd atwhich the parts move is affected by the strength of the
muselos, the timing of the contractions and the weight of the
abject 1o be moved, /

When tess than maximum’ force s desired, some ar all of
these factors must be modified, You can throw with Just the
arm, notthe use of trank rotation, You can bring the body parts
through slowly and throw in slow motion. The amount of
trunk rotation is reduced in some activitios by the stance that
you use, An open stance decreases the amount of trunk rota-
tion which can oceur priorto release whereas a closed stance
increases the amount of body rotation prior to release, -

The angle of release depends upon the point in the arc at
which the ball is released. The ball will move in a straight line
when released by the hand. The accuracy of the throw de-
pends primarily upon releasing the ball at the proper time. If -
the are can be flattened the timing of the release becomes less
critical. The ball can then be released at several points on the
arc and still travel in the desired direction if the hand is
moving in the desired line of flight, th most throwing patterns
the arc is flattened by stepping forward and flexing the'knee of
the forward feg. The arc canbe further flattened if the shoulder
and upper body move forward along the intended line of flight
prior to release of the bail. -

v

Other forms of projection skills ‘are those in which an
implement such as a racket, a bat, a golf club; or a body part
such as the hand or foot is used to project the object, that s, to
impart force to the object. Most of the time, the object is some
type of ball. The major concern in striking skills is the momen-
tum of the striking implement when it makes contact with the -

. object to be struck or projected. The point of contactis also

important.'f the contact is not through the center of mass of

oy
(VY
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Figure 20: The arc is flattened by stepping forward and by moving the shoulder along the
intended line of ight prior to release of the hall, :
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How?

The speed imparted to
the object depemnds
upon the weight,
speed, andd amount of
give of the striking
object and the
projectile

56

‘upon the weight of the s

the ohject, spin will be imparted and some of the projection
forces witl b dost. The effect of spin on the fight of an object
has beon proviously diseussed,

‘Aa with all skills, the prrpose of the skill muast fist be clear,
Shoukl the trajectory of the struck object be high and short,
or fow and long? Is the velocity of the projectite Tmportant? 1s
the purpose of the skill to produce maximum distanee, or is
accuracy of prime concern, After the purpose Is clearly ldens
tifiedd, remember that to achleve maximum distance the speed
of the striking body and the point of contact are of major
concern, i the purpose is one of accuracy, you n}dy need to
sacrifice some speed o gain control,

The velocity of the projectile following contact with the
striking surface s dependent upon the following factors:
1) the mass of the striking object and the speed with which it
wils maoving prior to contact;

2) the mass of the projectile and the volo(lly with which it
was moving prior to contact;

3) the coefficient of restitution of the object and the contact-
ing surface.

The contacting surface may be a body part, a racket, a bat, or a
golf club, and is subject to the restraining forces discussed
previously, ‘

Let's use tennis to illustrate, What determines hotw fast the
tennis ball will come off the racket after being hit? The first
influence would be the weight of the tennis racket and sec-
oggly, how fast it was moving at contact. Itis the interaction of -
thése two factors which determines the force which is applled
to the ball. Force equals mass times acceleration. A heavy"
racket is helpful only when it does riot slow down the speed of
the body movements. Some players therefore use a lighter
racket which they can swing faster. Force applied depends
@randthe racket and the $peed at
which the racket head #qs moving at contact.

7/

The second set of factols which apply to the serve is the /
relationship of the mass and\the velocity of the tenriis ball. On’
the serve the forward velocity of the ball is zero and its mass
less than that of the racket; thus the server-should have’no -
problem in applying sufficient force to hit it over the net.
When the tennis player is attempting to return a smash the




The amount o
avallable force e
striking is governed hy
the degree of
muscular force, iming
of bady movements,
length of striking
tmplement, ad
flrmness of grip

Spin will reduce the
amount of force
available for forward
projection

combined naes and veloe ity ot the oncaming ball ean be ol
st magnitide that vou may ot he able o generate enotgh
fore et heep the hath tromy mevingg vour racket hackaward,

Hheecoetticient o iestitation of the eac ket aned the hall is the
il et of Bicings: When the Dalb is sot anid the sackot strings
piver oo e b, some tare e apphiod at impactis ised o detonn
e obpect and e amount of taece available tor fonwand
projoction ab the bl i revdeed,

What wiesome tactar swhich silb itloenc e the amount ol
foree that can hoe developed ina stk ing implesment ar a body
Pt pion to a1

e tottowing tactors intluens e the magnitade of the Torce
whiech can he applied o an ohject:

L The amount of effective muscle force developed, The
fnctors which attect the development of nuscutar tore es were
chncunnod earlior and include sach things an the nuniber ol
s few tsed, the size and strength ol the muscles, the spesd
of contraction, and the distance through which the muscle
contragts,

2. The summation of muscular forces, The sequence of
hody actions mast be such that the momentun of each body
patt s added to the momentum ol those procceding parts so
that momentuyn is greatest at the time of impact. Yhis transfer

Lot force is from arge to small and from strong to weaker

musele groups.,

3. The fength of the striking implements, the end of a long
lever moves faster than a short one when they move through
the same number of degrees.,

4. Firmness at contact, Foree is often lost ot impact s 4

Sresult of a loose grip of the striking implement, joints which

are not Tirmty fixed or do not have firm contact with the
supporting surface, This means that you can apply more force:
to the ball when at least one oot is on the ground than when
ytu jump in the air or loosen contact with a racket or bat at
impact. Cleats, spikes, and rubber soles are used to increase
the finmness of contact. To firm up the grip, gloves, resins, or
moisture may be used. The palm of the hands sweat to im-
prove the grip. However when there is excess perspiration,
thev become slippery and must be dried.

How will you apply force to the object? Remember that a
force which is applied oft-center will produce spin and thus
will recluce the amount of force available for forward projec-
tion. Sometimes you want to apply spin at contact to bring
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Why?

DVintaie e by inereasd
by wing heavier or
Tonger implements
andaor ingreasing the
speed of movement

Accuracy may be
improved by reducing
the length of the
implement, the length
of the backswing, and
the number of body
parts that are used

58

abwnita paiiedlag sehouned ae o s hep the hall «antais the
wall, wrommd ar e oppanent’s facket YWhen spii s desifed
theny e e o ot coantae Coannnt b theaugh the center of
piav iy o tha obje b Phe anguebi vedociy of the ball ay it
Fenatvees v bl s thwiesirhoar theespis whie B bt ol hessoge
Depng bt il the spun wnpaited by the giibing imphsnent
shathg bl

Phersame b tos which apply o thiawing also apply o
stitheop sShHE That i boky e tions dee isaadly iitiated sith o
s heshitt, fodlowed by Inpeand iank sotaticn and thon the
Hse 0] e aems s sametiniges wists

the prneple concen in stiihing shibls is the momsntum of
the strking nplement al the moment of contacl. Momentum
vqualy s times velocity. In most instarices it is the velocity
that taltered to inciease or decroase the toree which s
apphied 1o the object being it This s ospecially true in
handthall where only the mass of the body s wvailable, In
hatting, in tennis, and i golf, different implement weights
may be used to inerease the momentum ot the striking anea,
The optimal weight of the striking implement depends upon
the strength of the individaal, This determines the speod with
which it can be movedd without disrupting the timing or the
sumnution offorces, One person may be able o dovelop the
same momentum using o light batwhich can be ssvung faster
as cananather person who uses o heavier bat but has o slower
swing, tisthe combination of mass and velocity which makes
the difierence,

If accuracy is the primary concern in striking shitls the lover

may he shortened to gain control at the expense of loss of

some velocity, The fength of the backswipg and the distance
through whichthe implement travels prior to contact may also
be shortened 1o gain control. Longer clubs are used in golf
when distance is the chief requisite and as accuracy becomes
the prime concern, the clubs are shorter in length. The length
of the backswing and the number-of body parts used or the
distance through which the body parts travel are also reduced
to increase control of the shot.
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What Else?

¥ e bk b ighs

{Re Fedag the vpsin 4l
Hhiul 4l saniause
1RE Fourt puinid) g

Fua i bas ik jons e
he Paretgrmieal

S RpIAeIE 1y

iy bpared while ib
vefe ab frsder i doed

How?

To juing verticably the
Center of body mass
should be aver the
feet at take- ot

To jump horizontally
the (enter of body
mass should be in
front of the feet

at take-off

L-.«;-‘.‘;if. [ T N TN T X1 £ BT grrviisod devien e PRIREPSIEE
T T o Oy R TP PRTIE ESEY™S PY NS | Drerbegiion Yo
I e e L LR pensagdiongy Fees Biciadi s codd T it

sl id voac bl dhie Badhe i da EFER SURFET IR EEURE EARS L IR |

Voisivaes B v e Evsigiios sl it O o irisg s eadhl
Vi fordguinigl oy v b i dha Loy, preiogd bediptones foe
Bodp B prosginng o vbesans oot b oo T siaatin i)
EERT AT T prackais g [N pain i‘.‘\\' H{: & hterd wdy Sesevais cdiesedq #
R L TR B S N P T PAP R SRS} P ATECILINY BT IR FPRSY FRE PR
Fivedy vl Lic iy it at babe il WA i paachigrieng by Beanhad ald
Bondy i b e asicdl ot qed voaniida Shtg The yovine sl Ceeng
praenient ol fonoe ot babe b g ki RO o gsnaiad
Cadibiplaig ab Wheo |\g<i\!§lii‘;§ [PRTENS FRY TR OUPLI | EYRIN FYTHI IO I I Laekd
propricnlb ey icienscdb b e yerho i e irase b e v Cetae ol
pionvenennt o nceded eves ook I st e o adchiggae
sty Borizen b diedane e B tie veitioal foee e i Bibe
il Bl Casenenas 0 Bl e siid T el piardy dind ke il
e by dictie i Sy encancdi o vhidpaleiety tae e Bodidon

il e

Reydintloss o thie ty e af juingy the g coideefrs e the
satiet leselagn et of thye At egiiade dningnb el Fodor boi the
et whale desv g the supiort saitace at ihe piaper aonghe g
pive e ddesiied heaght aind distaings to the peitaiitiane e The
Cactas enuimetaled e lice which %- Epiogection allapiply
patnipning asowel These Lictois were suivaibation of fgices fing
contict ad halanee

the angle ol ke oft i Jamping o deteamined by the
Armagunt of body toan AWhen jarignag vertio ally the ceater of
Body oass shauld be aver the contag b point deet ot ke o
Wherothe i o to cover o honzontal datang o the ceiter of
Body s st bean ront of the contact pomnt Hie ginount of
torce apphied attabaee ottt v determned tor the most part by the
speed at which ot achions vncur, The rate at whiech by
SUSIMERES ove is the magor L tor i the determnation of the
take ot velooity reardless o the daection o angle ot ke
olt
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DISTANCE
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Figure 21: When jumping for height, maximize the vertical component of fo-rce at

take-off and minimize the horizontal component. When jumping for distance, increase
the horizontal component and decrease the vertical.
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Why?

Muscular force for

jumpiig isincreased

when the extensor
muscles of the lower
Yimb are stretched
quickly

The crouch prior to
jumping should not,
SIOV( the speed
while recovering

A transfer of
momentum and
balance is attained hy
use of the arms

Lifting the lead leg
f;)rcefully and rapid]y |
contributes to
convérting horizontal
to vertical momentum

The force which can bie applied at take-off is from muscle

contraction and the transfer of momentum that has been

developed is either by the arms or from a preliminary run.
Regardless of the jump direction the muscles of the lower
limbs are put on stretch by flexing the joints of the lower
extremity prior to take-off. The depth of the crouch is limited
by the wlren;,lh of the extensor musculature, especially the

" quadricep muscles which extend the leg at the knee.

Although a deep crouch increases the time and distance
through-which force can be devel@ped, a considerable
amount of force is required to overcome the resistance lo
movement inan upward direction (moment of inertia).

The deeper the crouch, the more strength required to jump
upward. The,depth of the crouch should be governed by the
speed at which you can move from it. in other words,.do not
let the depth of the croachslow down the speed of extension.

The arms act primarily as balancers during the jump and to
create some momentum which will influencethe position of
the trunk and help tqicontrol the body lean. In the lower limb
the hip and the ankle seem to serve as posmomng joints while
the propulsive joints .are the knee and the_metatar-
sophalangeal'joints. The hip and ankle action prior to lift-off

_maintain the body segments located above them in the proper

all;,nment "This influences body position, hence angle of
take-off. The joint actions at the knee and the ball of the foot
move the body in the desired direction. These could be called

the propulsive joints. Extension of the leg at the kree provides

the majority -of the propulsive force at take-off.
When jumping for height following a run or some type of

moving approach, the jumper must convert horizontal

momentum into vertical momentum, While not easy, this is
accomplished by a forceful and rapid knee lift of the lead leg.
This is the purpose of the hurdle step in springboard diving, to

"rock” the body back over the support or take-off foot. The

speed of the lifting action fs directly proportional to the speed *

with which the body is traveling. High-jumpers take a slow,

“bouncing run up to the bar so.that they can convert all of their

horizontal momentum into the vertical direction. The amount

-of hofizontal movement needed in high jumping is very slight,

only enough to cross the bar. The vertical velocity attake-off is
further increased by the vertical acceleration of the free leg
and both arm3. These movements increase the force applied
againstthe ground and result in a greater reaction force. Stand

N EY
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Vertical momentum is
needed to keep the

. body in lh(\‘ air during

the long jump

In a running long
jump the vertical
force is about one-half
that of the
horizontal force

62

on J scale and swing your arms upward rapidly, then slowly.
Notice that when you swing them rapidly the scale reads
higher than your actual weight, but when you swing them
slowly the reading on the scale does not change. This will
illustrate the importance of doing these movements rapidly
and not just going through the motions.

. Jumping for distance requires some vertical velocity at
take-off too. Long jumping requires the jumper to jump as
high as possible while running forward at high speed to create
sufficient lift to keep the’body in the air long enough for the
horizontal force to be expended. In the runiing long jump, the
vertical force is about one-half that of the horizontal, to
achieve atake-off angle of about 26° above the horizontal. To
achieve a take-off angle of 45°, both the horizontal and verti-
cal velocities would have to be equal. To achieve this angle

" the horizontal velocity would have to be reduced consid-

crably. In so doing the horizontal velocity at projection would
be too small to produce g jump longer than the combination
of the high horizontal take-off velocity and the Iower angle of
projection,

Once the body is in the air the trajectory of the center of,
gravity of the total body has been determined. The body may
change its configuration around its center of gravity but these
actions will not alter the flight path. Movements seen during
flight are made to gain equilibrium so that a.controlled land-
ing can be made. The longer the jumper can keep the feet up
the longer the ;um’). Control at the moment of landing is
essential so that thelower limbs will flex upon contact and let
the center of gravity continue on down its flight path. If flexion
does not oceur or the body is not in equilibrium the jumper
often falls backward after making foot contact. Some angular
momentum was created at take-offais a result of the plant step.
Head and arm movement during the initial part of the flight
seeks to keep the body from rotating forward. This angular
momentum is “‘stored”’ until landing and is then available to

- rotate the body forward over the feet.

alklm, is or of our most pracuced skills. Walking is a
reflex action and is regulated by subcortical levels of the

brain. This enables us to carry on'a conversation'or to think

about what we want to do after school while we are walking.

"We become most aware of how we.walk when conditions

o
u

)

]
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Figure 22: lifting the lead leg forcelully and rapidly contribiites to, converting horizontal
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When walking' the
arms control the
rotational forces
created by the
swinging leg

For efficient walking,

the up and down

maovement and lateral

sway should not

exceed 1 3/4"" with the .

foot clearing the
surface by

approximately 1/8"

How?

Rotational movement

is minimized in

‘walking by the counter

force of the swinging
arms and by keeping

the support foot under

" the center of gravity -
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cause us to change our normal patterns. Some of the special
conditions which call for an alteration of the basic pattern are
walking on slippery surfaces, such as ice or a wet pool deck;,
walking on soft surfaces, such as dry sand or in mud; and
walking through something, such as tall grass or six inches of
water. :

Walking is accomplished by the thigh swinging forward
from the hip while the foot of the opposite limb is pushing
against the supporting surface. A lot of gambling is involved
for you are gambling that your swinging leg will contact the
surface before the pushing foot leaves the ground. The body is
actually pushed off balance and caught by the swinging foot -
before it falls too far. The function of the arms in walking is to

counteract the rotational forces created by the swinging leg. If

these two rotational forces are equal, the body moves straight
ahead;.if not, the person will seem to twist from side to side as
they walk. The twisting is a wasted, inefficient motion.

It is not possible to remove all unwanted movement from
walking, but it should be reduced to a miinimum for efficiency.
During an efficient walk, there is both up and down move-
ment and side to side movement. A smooth movement is
produced when the up and down movementis no more than 1
3/4’" in height and the lateral sway is of the same magnitude.
The swinging foot clears the ground by an approximate 1/8 of
aninch.” :

Walking is not a simple skill. The body is moved forward.in
a straight line by the rotation of two stilts (legs) in opposite
directions. Force is applied to the pelvis first on one side and
then on the other. It is a good thing that walking is controlled
by reflexes and does not require our conscious thought! Effi-
cient walking requires the reduction of excessive rotation of
body parts and keeping vertical movement to a minimum.

The position of the feet, toes pointing straightahead, is the
first requisite to reduction of excessive rotation. Secon he
arm swing must balance the rotation produced by the limb as
it swings forward. It is possible to set up excessive rotation of
the trunk by swinging the arms too vigorously. Rotation is
further controlled by keeping the feet under the body when in

--the support phase and by swinging the limbs forward on a -

straight line. - A

-~y
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Timing of the push-off

by. one supporting foot
- controls the vertical

movement of the walk

The direction in which
the feet are pl.lc:.-d
establishes the line of
direction of the walk

Why?

A reflex plantar flexion
which will increase
forward propulsion
can be induced by
placing the toes
straight ahead

Improper directional
placement of the feet
can cause joint,
ligament, and p
muscular damage
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they walk down the street. They have a delayed weight shift,

Vertical movement is controlled by timing of the pushing
action of the support leg. If the support foot pushes off too
early, while the center of gravity of the body is still over the
feot, a bouncy walk occurs. If the push comes too 'ate the
center of gravity of the body has moved too far forward of the
support foot and the knee of the swinging limb must flex more
than it should to catch the body weight: This is overstriding
and causes excessive vertical movement of the body. The
center of gravity fellows a patiy that resembles a roller ceosier.

Many people waste effort by walking with the feet tuzned
out. This causes force to be applied at an angle to the desired
direction of movement rather ivian straight ahead. “h's foot
placemert results in a shoriened strizie. The specd of the walk
is governed by the stride rate and the stride length.

Children learn to move by imitating others. Walking is no
exception. This is why the gait of children is often patterned
after the parents. A major fault in walking is outward rotation
of the thigh at the hip joint causing the foot to be turned out.
When the leg is extended at the knee the position of the foot is
controlled by moving the thigh at the hip. When the foot is
turned out, forces are applied in two directions, backward and
sideward. The force applied in the sideward direction does
not aid the forward propulsion of the body.

" Toeing straight ahead utilizes a reflex plantar flexion of the
foot as the center of gravity falls anterior (in front of) to the
point of support. This reflex thrust increases the forward pro-
pulsive force. When the foot is turned outward this reflex is not
activated. Toeing out also places undue stress on the longitud- ..
inal arch of the foot as the body weight rolls over the medial
side of the foot. This action also stresses the ligaments and
musculature on the medial side of the knee joint. Many lower
back pains can be traced to improper foot mechanics. Toeing
out shortens the stride because of the lack of reflex action and
the toes are not in a position to push off in a forward direction.

A waddling gait occurs when the inner borders of the feet
are too far apart. When the feet are spread, the body must be
shifted from side to side with each step. This'sideward shift
requires energy and réduces the length of the stride.

Some people look as though they are doing the rhumba as
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As force of propulsion
increases, the stride
lengthens

N
Smaller strides
increase stability on
sllppcry surfaces

What Else?

Fast walking is more
tiring than an ¢gsy job
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that is, they tend to place the foot before shifting the weight
forward. This is accomplished by a relaxation of the lateral
ghuteal muscles as the weight shifts to each foot and you see
the pelvis tilting from side to side with each step causing
considerable hip sway.

The speed of the walk is regulated by the amount of force
applied against the supporting surface. As this force increases,
the stride length increases. The trunk leans forward to bring it
more in line with the pushing foot. This increases the horizon-
tal component of force. This lean lowers the hips and makes it
necessary to increase the flexion in the support leg and in the
swinging leg. The increased flexion in the swinging leg re-
duces the moment of inertia and allows the leg to be brought
forward more rapidly. When the swinging leg cannot: be
brought through fast enough to maintain total body velocity
the stride is shortened. Walking at a rapid pace soon becomes
tiring because of the amount of muscular force needed to
mave the legs forward rapidly and to overcome the resistance’
encountered on each step. Al thls point it l)ecomes less tiring
to break into an easy run.

" Walking on slippery surfaces calls for anincrease in friction
between the foot and the surface. This is accomplished by
\increasing the surface area by walking flat-footed. The flat-
footed walk shortens the stride fength which increases the
period of double support and reduces the horizontal compo-
nent of force at push-off. '

.

How does running differ from walking? The most obvious
difference is the.rate of speed. Locomotor speed is the interac-
tion of the stride length and stride rate. But running is not just a
fastwalk. Asthe limb movements of a walk are speeded up the
internal resistances are increased and a considerable amount- -
of force is expended that does not produce forward move-
ment. In fact much of it resists forward movement. Youi-:
hecome tired sooner when you walk very fast than you do,
when you jog easily. A person will break into a run or jog
when the speed of movement approaches five miles per hour '
to reduce the resistance phase of the walk. Women will find it
more efficient or easier if they start to run or jog at just over
four and a half miles per hour.
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When the speed
is approximately
5 mph a jog is
more efficient

How?

In sprlnllng the initial
contact is made with
the ball of the foot

In sprinting, the foot
should be moving
backward at the
moment of contact |

3

The major ways inwhich arun differs from a walk are 1) an
airbomne period exists when both feet are off the ground, 2) the
sesistive phase is reduced oreliminated, 3) the knee maintains
a greater degree of flexion through the early portion of the
support phase, and 4) a longer stride is used.

N
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Factors that are common to both sprint and distance run-
ning efficiency are minimal vertical and horizontal movement
of the body and maximal forward movement of the body. This
is accomplished by observing the factors identified for effi-
cient walking, full extension of the leg during the power
phase, and keeping a flat lower back.

The techniques of efficient sprint runging and of distance
running differ somewhat, not only in the rate of movement,
but in the foot action. Sprinters tend to make initial contact

‘with the ‘ball of the foot while most distance runners make
either a heel-to-toe contact or a rather flat-footed contact,

A second difference is in the resistance phase of the run.
Sprinters.work to have the foot moving backward at the mo-
ment of contact so that they are immediately into the power
phase of the run, Distance runners may encounter a brief
resistance phase as the foot contacts the surface slightly ahead

-of the body. The speed of a run is determined by the length of

the stnde and the number of strides per-unit of time,

Force is reduced when the foot is ir\1 a position where the
toes point straight ahead. A foot position\of toes straight ahead

maximizes the forward propulsive force\if.the foot toes out;

the forward force is reduced. When the entire foot contacts
the ground, the weight is transferred from the heel along the
lateral border of the foot across the ball of the foot for the fmal
push-off by the big toe.




Arm length is
shortened by bending
so they can maove
faster to counteract

the leg rotational forces

A forward lean of the
trunk limits hip flexion
and shortens stride

Factors affecting
propulsion are also
operative in running

Speed of the stride is
dependent upon the
ratio of time between
'\ -contact with the
surface and time in

the air.
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Runners carry their arms in a more flexed p L()smon than they
do when walking. Thisis necessary to shorten the resistance to
rotation so that the arms can be swung forward as rapidly as
possible to keep pace with the rapidly moving legs. Arms
should be moved forward and back in a relatively straight line
unless you are running on a curve. If the hands cross over the
mid-line of the body, body rotation of the trunk will occur.

During the propulsive or pushing phase of the run the body
should be kept in line with the pushing leg. A forward lean of
the trunk limits the amount of hip flexion and shortens the.
stride. It is impossible to get a good swing forward at the hip.
Running with the center of gravity of the trunk too far forward
leads to a thumping, noisy type of run. The weight comes
down too heavily on the foot.

The uppermost joint of the lower extremity is the lumbo-
sacral joint. The pelvis is where the lower limbs fasten to the
trunk. Actions of the limbs can, therefore, be hampered or
facilitated by the position of the pelvis. The lower back,
lumbar area, should be flat- when running to maintain the
proper position of the trunk and pelvis for effective movement..
of the limbs.

Stride length, the period from push-off of one foot to contact
by the opposite foot, is affected by the length of the limbs. A
shorter person must take more strides to cover a given dis-
tance than a taller person. Factors over which you have some-
control are the force applied at toe-off and the body position.
You are-actually a projectile for the period of time that you are
airborne while running.-Therefore the factors affecting a proj-
ectile apply also to running. These are speed at push-off, angle .
of projection, and air resistance. The speed at push-off is
largely dependent upon the force applied by the muscles and:
the direction in which this force is applied. The angle of’
projection is largely determined by the body position relative
to the pushing foot. Air resistance can lengthen the stride if itis..
blowing against the back. If there is a strong head wind, the
forward lean is increased to decrease the surface against.
which the wind can resist your forward progress. .

Stricle frequency depends upon the time that you spend on’
the ground and the time that you are in the air. When running
at top speed, you spend more time in the air: Aj jogger spends
more time in contact with the ground than in the air. Stride
frequency or rate of striding is determined primarily by | the
strength of the musculature used in running.

9 ey
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For successive quitck
changes of direction
the stride should be

- shortened to increase =~

time in contact with
the surface

Not all running is done for the purpose of speed. When a
quick change of direction is required though, steps should be
short so that a foot is in contact with the ground nearly all of
the time. The body cannot change the direction of a run until a
foot is- in contact with the ground. Good running backs in
football run in a somewhat 'choppy manner. Short strides
enable them to change direction quickly. By frequently
changing the foot, which is in contact with the ground, it
makes it more difficult for the opposition to tackle them.
When the field becomes more open, the running back
lengthens his stride to increase the speed of the run.
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CHAPTER TWO

appearance

Photograph by Scott Forbesiloudon Times-Mirror

What Else Do You Have to Help Me?

~

Personal appearance is important to everyone. The pos-
tures of individuals reflect their feelings and sometimes even
their health. It is a rather vicious circle. If tired, you slump,
demanding more muscular energy to-keep the body from
collapsing. This results in fatigue.

How Do I Get it? ,
Balancing the human body is not an casy task, but it is
-possible. A balanced posture is one that uses minimal muscu-
lar effort to keep the body ina particular position and does not
place undue strain on the ligaments atthe joints. Think backto

. N o the requirements for a stable equilibrium. A stable position
. 71
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calls for the center of gravity to be centered above the base of
support. 1tis not always possible or desirable to have a wide
base and a low center of gravity but it is possible to keep the
center of gravity over the base.

Goud posture in the standing position when viewed.{ffom
the side would find a fairly straight line passing from thé ear
lobe through the tip of the shoulder, the center of the hip joint,
posterior to the knee cap and falling about 1-1%'" anterior to
the ankle joint. The body weight should be centered between
the heel and the ball of the foot. Laterally the weight should be
balanced so that the line of gravity would fall midway be-
tween the feet.

Why Does It Happen That Way?

When standing the
position of the feet
form the base of
support

The center of gravity
in human beings is
"located in the pelvis
on a line with the

hip joints

The skeleton is

composed of .~

specialized bones

which facilitate yet
limit actiop

72

Balancing the human body is easier said than done. When
critically examining the body, it is seen as a marvel of instabil-
ity with its high center of gravity and relatively small base of
support. Man does gain an increase in his range of vision from
walking on his hind legs however. Keep in mind the principles
of stability as we look at the human body — large base, low
center of gravity, and line of gravity centered over the base of
support. _

The base of support is formed by the feet. The feet are not
large when compared to the total body size. The size of the
base can be increased functionally if the feet are spread apart.
Our small base of support enables us to move quickly since it
doesn’t take long for the line.of gravity to move outside the
base of support. Sometimes we operate on a very small base
when we stand on one foot or smaller yet on tip toe.

Does the body have a low center of gravity? The center of
gravity when in a standing position is located in the:pelvis,
aboul one or two inches below the junction of the spine and
the pelvis, about on a line with the hip joints. This is not a
particutarly low center of gravity. When we wish to lower the

_ center of gravity to increase stability, we go into a crouch or

squat position. When we aressitting down, we have a very low
center of gravity relative to the supporting surface and even
lower yet when we are lying down.

The most difficult task is to keep the line of gravity centered
over the base of support. Look at the skeleton to visualize the,
balance problem that we face. Remember that it is the anti-
gravity muscles which keep the skeleton from collapsing. The
lower limbs are set toward the rear of the feet, not over the
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The size and length of
muscles as well as
where they attach to
the bones make them
efficient for ’
maintaining balance
and producing force
for specialized action

'Proper alignment of
body segments is
necessary to optimum
balance and efficient
movement

\A‘/eak muscles can not
assist in-maintaining
proper alignment;
hence stress is placed
in joints and ligaments

center. Two long bones balance together on their narrow ends
at the knee joint. The pelvis hasan eccentric attachment to the
femur and can rock forward and back rather easity. The spine
attaches in the center of the pelvis from side to side. From
anterior to posterior it is to the }ear of the pelvis. Remember
thatthe spine is not a solid bone; but is made up of twenty-fout
vertebra stacked on top of each other and poorly stacked at
that. The spine is a series of anterior-posterior curves. In the
thoracic region the ribs extend out front. On top of the stilts,
topped by arocker which supportsa zig-zag spine, we find the
heaviest bone of all, .the skull.

Some of our skeletal instability is corrected when we con-
sider the location of the muscles of the body. The largest and
hence heaviest musclature is in the region of the thigh. This
helps to lower the center of gravity of the total body. Another
heavy mass is the viscera which is located.in the abdominal
cavity. Much of this mass is situated anterior to the hip*joints
and therefore tends to rotate the body forward. This force must
be countered by the strength of the muscles of the back which
keep the spine erect. Anterior-posterior balance or alignment
of the trunk is difficult to maintain. Lateral balance is usually
good because there is a rather even distribution of weight
around the centrally located spinal column. v

The function of the abdominal musculature is to hold the

ribs and pelvis together. Well-developed abdominal muscles

pull up on the anterior of the pelvis and this reduces the

‘curvature in the lumbar area of the spine and reduces the

prominence oOf the buttocks. The abdominal muscles are not
the only muscles attaching to the pelvis and they cannot pull
up on the pelvisunlessthe knees are« htly flexed. When the
knees are\locked, thrown back, this causes the lower back to
hollow and the abdomen to become more prominent. The
contour of the abdominal wall can be improved by proper
positioning of the pelvis. !

"A sagging abdomen may be due to lax abdominals. A
protruding abdomen in a young child is normal. The liver in
the child is felatively large to reduce the space available for
the intestines, hence, the prominent abdomen. This disap-
pears by the time the child is eight to ten years of age. In the

over forty adult the sagging abdomen may be due in part to a

weakening-of-the.abdominal muscles, but it is compounded
by the fact that the intervertebral discs; the fibrous pads be-
tween the vertebra, have thinned to the point that the person is
getting shorter. This means that the abdominals are now too
long for the distance between the ribs and the pelvis.

~
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Figure 23: The sheleton is an example-of instability with its high center of gravity and
small base of support. :
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Figure 24: Anti-gravity muscles keep the body upright against the pull of gravity.
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The lower extremilty is
for support and
locomotion; upper

is for manipulation
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The trunk serves as arigid base for the operation of the
appendages, the arms -and egs. The abdominal muscles
spend o great amount of time s abiluang the unstable vertebral
column, 1Uis the anti-gravity tauschis which keep the body
and anvthing that the hody is supporting, upright against the
pull of gravity. These muscles are the extensors of the sping,
the abdominals, and the extensors of the hip, knee, and ankle.

The lower extremity has the dual function of support and
locomotion while the upper extremity is concerned primarily
with ninipulation. The sole function of the upper extremity is
to position the hand for work
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Since all movement

is governed by our
anatomical structure’
and controlled by

the concepts of force,
violating these concepts
will injure the body

"CHAPTER THREE

coping

Most movements are involved with the performance of our
daily activitics. Common activities include walking, sitting,
standing, picking up the newspaper, carrying a sack of

_proceries, putting the box of cereal on the shelf, pulLing open a

drawer, opening & door, and lifting a s..ndwich to our mouth.

Movement principles should be observed in the perfor-
mance of these activities to avoid strain to the muscles and
possible sprains of ligaments. You may be able to perform
inefficiently and feel no'pain for a period of time. As time goes’
by, the accumulation of these stresses to the body structures

will be noticeable Signals of abuse,are nsteoarthritis, stiff

joints, aches, .md perhaps pain from r'.+ . ely easy work’ For
a more pain free existance in later yea. jwcper m=chanics of
movement should be practiced throughout your lifetime.

~
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_Keavy objects

What Else Do You Have To Halp Me?

The mundles used to
1t should be matched
in strength to the .
weight of the object

We are lilting abjects all the times We it a pondil off the
dosk towiite, we littour armito see our wate b, i grocerios out
ot the shopping cart, and Tt our shoes ot the Hoor when wo
pet dressed. At home we Lit o window as we open i, lilt the
prano bench to vacaum under it and ift the garbage bag to
carry i oul,

\When light objects are o be ditted, only the armi s used, As
heavy objects are moved more hody parts come into action,
The strongest museles of the body are inthe lower imb so the
heavie-t Titting should he done by extending the legs, Be
careful that the lower back is not being over-stressed during
heavy litting. When ifting heavy onjects the ifting force s
produced by the muscles of the lower Limb; the arms hold the
objectin position and the trunk is the connecting link between
them,

How Do I Get It?

Use the legs to lift

Why Does It Happen That Way?

Pull. the object as close
1o you as possible
before lifting

Very light objects pose few problems in terms of injury. As
objects become heavier some general rules of lifting should
be observed. Remember to lift with the tegs, keep the back
relatively lat, and keep:the object as close to the body as
passible. '

To add insurance against the loss of balance spread your
feet in the direction of the load to widen the support base. As
an object is ifted it becomes pdrt of your weight, Leaning
away from the object makes it easior to lift,

.

Safe and easy lifting is done when all forces are applied
vertically thraugh the body. Someforce must be resisted on a
diagonal, but this should be kept to a minimum. Keeping the
object as close to the body as possible reduces the rotational

Hdorces that are created by the object when it is held some

distance away.from the body.

Grabbing o heavy sack of groceries by the top to lift it out of
the trunk putd stress on the forearn musculature and the back.
A less stressful method would be to flex the knees slightly,
place both hands under the sack, and lift with the knees as
much ax possible. Many automobile designers have not con-

C‘,'.,
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What Else?

Pushing requirés a
constant application
of force

How?.

Apply force noar the
center of gravily of
object snd in the

“desired direction

& dewnward push s
manirtized if one's
bo:ly weight can be
placed on av over tlie
object

sidered good Hiting afignment, The trank and bumper designg
force us to use the upper body strength to HitCohjects up and
out of the trunk. How much easior it would be it we could
slide the sacks to the edge of the trank, crouch down to pull
the bag against our hip, straighten” our legs and walk away.
Our backs would he delighted!

Keep the hack relatively flat when htting, especially the
lower back. You may even experiene e soreness of the ahdom-
inal museles after heavy Hitting for they must stabilize the
position of the pelvis to keep the back flat. A ¢lue 1o possible
eveessive stress on the lower back is the hips mdving back-
ward bofore the knees straighten as you start to lift. This causes
more lifting to be done by the back and upper body.

Somelimes we have objects which are too large to be lifted
yet need to be moved, such as a (lax'en;)oft, a large box, a
piano, or a picce of gymnastic apparatus. Other objects are
designed to be pushed, such as a lawn mower. Pushing re-
quires a constant application of force to keep the object
moving. gificiency is lost if the application of force is not
continuous. When an object is allowed to come to rest then
force must be used to overcome the resting inertia. A pushing
action is used in sports as well as when putting the shot or
shooting a basketball.

3

Efficient pushing requires that the force be applied as nearly
as possible in line with the desired direction of movement and
as near the object’s center of gravity as possible. |f you wantto
push something in an upward direction the body should be
under the object. In this way the extension of the hip and knee
‘oifts can add to the force produced by the arms. To push an
Bject forward place the hands at chest level, flex at the
elbows, and lean into the object. When pushing downward
try 1o get your body weight over the object. When pushing
“own the legs cannot be used as an added force. Regardless of
the direglion 1n which the abject is being pushed continue to
dpp\‘\,ﬁigr: £ oned it begins to mcve.\ When pushing in the
forware irec tion you may ~eed to take short steps to remain
in coniat with the object. Sometimes you see people pushing
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Why?

<Point feet in desired
direction of movement
Lean to place the ¢enter
of gravity in front of
the feet

A soft surface incteases
sliding friction

sometlee s v pi i the hips against the abject and using the
power. e s incestension, This is done whoen arm
strenglt e atnicient tor transiitting the toree of the legs o
the object. A disadvantage of pushing with the hips is that the
pusher is unable to see in the torward direction, and itis easy
to tall it the feet should suddenly slip, or if the object ines-
pectedly increases its rate of movement,

Force which is not applicd through the conter of gravity of
an object produces rotation. This is why the efficiency of the
pushing action is increased when the force is applied as close
to the cenler of gravity as possible. Sometimes it is not possible
to get in tine with the center of gravity of the object and thus
one must allow for the resultant rotation. Undesirable rotation
of the object can be controled somewhat by spreading the
hands to give beller control, especially if the object is long.

The position of the body also influences the direction in
which the force is applied. The feel should be pointed in the
desired direction of movement. This allows the force to be -
projected straight toward the object. The slight forward lean of
the body should come from the ankle. This helps to keep the
vertebrae of the spine in good alignment. When the hips are
flexed the force of the push is reduced since the amount of
upward torce applied to the object is increased. A reduced
effective force results. A forward lean places the center of
gravity of the body in front of the pushing foot. Care must be
taken to maintain sufficient friction between the feet and the
supporting: g-face O ould push with the feet in a forward
stride posiic n cather “hary a parallel position so that if slipping
should cecnr vou are. 1 a better ;-osition to prevent a fall,

A soft surfaz 2 e es considerable friction which resists
the pus.-iag o 1 This s especially true if the pushing force
must be ¢ - .. above the center of gravity of the object
because of its size or structure. The downward component of
the force which is applied above ine center of gravity in-
croases the resistance to movement across the soft surface. In
this< siruation it may be ‘easier to pull the object so that the
lifting component of force 15 increased. Another solution to
roving an object across a soft surface is to rotate the object.
ihis is accomplished by applying force at the top édge and

81
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Less friction iy
penerated I8 the wizes
of two louching
T ATTUNNTT
minimized

Reduce friction as
muchoas possible

What Else?

Pulling increases the
vertical component of
force

How?

Principles of pulling a-
the same us for pushr

82

allowving the ohjes o Tl on it side B actian is rapiedly
tepratech and can he elecive 1or vaepecs wiis heare not oo
hewvy aned those that can he moved m s manner,

Anathor way ot maving objects by pushing actions over
Dighy resitive sartaces is o walk” it Hhe object i dpped
anto a nartosy e or peint toedvce e driiction and lorce Is
applied 10 alternate edges 10 move the object tonward, The
halance aof the object must he maintained over the parroy
vy,

Remember that the more the triction betsveen the abject
andHthe supporting sartace can be redueed the easier itwitl he
o maove the abject, 1 will move easier on a wased floor,
provided you can naintain sutficient friction bhetween your
ieet and the surtace to apply the necessary amount of Toree,
Fhevime of wheels also mahes feasior to move a heavy objoect,
I you need to move an object such as a mattress from one
room to another push the mattress off the bheck onto two rolling
pins or dowels,

Pulting is used tor objects that are too heavy o lift and for
objects v uich are very difficalt or impossible to push. Pulling
has the advantage of increasing the vertical componept of
force andthence applies a lifting effect, \

Pulling actions can be of three types. One involves pulling
something down from above shoulder level such as, pulling
down a window shade, pulling on the rope ¢f a church bell,
and ¢limbing a rope. h rope climbing, the rope s fixed so
contracting muscles cause the body to be raised nearer the
hands, The second type of pulling has the object moving over
the ground, such as a coaster wagon or sled. The third type

involves o more horizontal action such as pulling open a

drawer in a cabinet or chest.

The principles for pulling are basically the same as for
pushing, i.e., apply force in line with the center of gravity of
the object, apply force in the desired direction of movement,
and %eep the bady in proper alignment .so that the force
generated by the musculature will be applied in an effective
manner. Arm act.on will be sufficient to move an object when



L0 incredse forge tor
pullitg, use o ley
which yield maimum
force antl apply the
fnrca in the sliredtion
you wivh the objedt
1o move

Why?

Increasing the vertical
component of force
decroases the
horizontal component

the resistane e i hights For hesvier ohjects the body must he
alpned o allow the fogs o devedap the major torce tar pual-
hte Tor pull an- object dosn onean object ion averhead,
standd e hovacto the object sa that the torce canbeappliod in o
dowmward direcion o greatadegroe as possible, The hody
weipht can besaspended on the abjec Uit necesaiy by liting
the teet ot the Hoor toapphy o hotizontab tarce place the feet
o torward and hack sinde position, Pxtension of the lowis
hmbw G e aneed 1o supplomaoent the toree ol the upper body
ac o when mare jorce is needoedd,

Objects can be palled acions the supporting: surface by
fac ity away from the object, The chdominal muscles keepy the
trank o shight fonward flesion as the body leans forward from
the ankles, Sometines itis desinadde o pullan objoct by facing
it Fhis roguires more effort by the oxtensor museles of the
hack. The dower Himbs are inca good position to apply force,
Thereis adanger of losing batance and falling backward if the
object should sueldenly begin to move unexpectedly. Shoulkd
vou Tl hackward try to avoid putting the hands back to cateh
yoursel since the resubt might be o broken wrist. This injury
frequently volves the navicular bone of the werist. This bone
takes a very long time 1o heal because of its poor blood
supply. Try to-prevent the foss of balance and falling back-
wird by having the feel in g strong forward and back stride
position. Thisstride position widens the base of supportin the
direction of movement which makes it more difficult for the
conter of gravity to move beyond the rear foot,

Pulling has the advantage of reducing the friction between
the objoct and the supporting surface due to the litting com-
ponent of force. But reme.nber, as the upward component is
increased the horizontal component is decreased. Ifyou elim-
inate the horizontal component completely you are lifting,
not pulling! Some parents dump their children backward out
of their wagons quite unintentionally because the tall adult
holding on to the short handle of the wagon produces a large
vartical component, of force. If the iweight of the child is
concentrated behind the rear wheels of the wagon, little force
is needed to cause the front of the wagon to rise. A tall person
can pull awagon or sled more easily if arope is attached to the
handle. This increases the horizontal force and reduces the
vertical component.

'
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Figure 26: A rope attached to a wagon handle increases the horizontal force and reduces
the vertical component. ’
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What Else?

How?

Carry a load as near to
your liue of gravity as
possible

Swinging or swaying
loads are more difficult
tocarry

Leaning the tody away
from the load
counteracts the pull of
the load

Whethir it is more efticient 1o pushor o patl an abjec
depencs upon the natre of the supporting sarface, the pur-
pose oF the activity, and the amount of avaitable foree which
can heapplivgd 1o the abject, The maore force that is applied m
the desited diiecion o imovement, the more eificient the
movement,

Canving objocts is another datly skl that demands atten-
ton o mechanical princlples, We carry sacks of grocerles,
s hoot baoks, gy bags, and goll clubs, Curvature of the spine
can develop if abjects are always carried on the same side of
the bady tor a period of years, The heavier the object the more
likely thisis 10 acc o Boys and girls who deliver papers
should shift the shoulders on which the paper bag s carried,
Same newspaper companies have designed bags 1o (it over
hoth shoulders so that the pouches are in the front and on the
back of the child, Fhisis easier for the maintenance of halange
than carrying the papers on one side. European children for
years have been cartying their hooks on their hacks, The use
of knapsacks and book bags is increasing in this country hut
how many times do you stilt see the bag slung over one
shoulder rather than being warn on the backe

Carrying is the balancing of an object once it has been
littedk Carry o doadbas near to the tine of gravity of the body as
possible, This reduces the rotational movement of the object,
Even a light weight is difficult to hotd and carry if it is held at
some length away, from the body, The object that you are
carrying is now a part of the total weight that must be balanced
over your feet, Carry the toad as a part of your body and not as
something that has motion independent of your body. Swing-
ing and swaying motions-catse a disturbance of equilibrium
and make walking very difficult. You must keep the center of
gravity of the botdy and the object over the base of support,
usually the feet. Heavy objects require you to lean away from
the object to counterbalance its weight and keep the new
center of gravity over your base. Sometimes the lean is ac-
companied by holdirg the opposite arm out to the side if the
object is quite heavy such as a piece of luggage.
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Why?

[ hest position i e h toearey something is one shich
crogtes the Tegnt staine on the bady. Fhis position will he
chiieront e vanows mdividiaby dopending upon their size,
Deaght, stiesggth, and e Onhior tactors swhich inthience the
way 1 owhich an abjee s carrion] i thas distance that is 1o e
v b The pine iples tar carrying aiabpectare the saime as
thase tor oaintainmy equilibrinm swhich swere diseuwed in
Chapter

When carymg somethigg you tave tlemporanity hecone a
dittorent woeight and have o ditterent shape, hut the principles
ol halane o are sttt the sanme.

1 ~
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CHAPTER FOUR

m\vm
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What Eilse Have You Got To Help Me? "

“Ohhoy, do have a backache,” “Fhave to lay off practice
today. | have a muscle strain,”” <) sprained my ankle yoster-
dav.” These statements can be heard daily, Obviously move-
ment improperly done can make you physically feel bad or
leave you unsatisfiod with the results,

You can lessen the chance of injury if you practice the
underlving principles governing efficient movement, When
vou practice these principles you will reduce the possibility
for joint injury and muscle strain. Also when movement is
done with proper mechanics it becomes easier on the muscles
and joint structures. Therefore, you can do more things and

use less energy. When you use vour body improperly the

harmony is violated and you can injure it or move it ineffec-
tively.
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Well-siaulitioned

Well-developed mins les protect the joimts foam undue in-

minss fes Belyy o prevent Uiy - Mt lar strenghly is the dnt Tine of detense ggainst joint

R iniviies

POy Bgany sk ane alao moviiged when goad hody
AHERICNE iy maintaineid.

How Do ! Get 10?

oot lunly alignment
resluces the rlsh of
injury

The type of jolnt

ool ahignemen bty pedaco hady abuse. iy megis that
proper mechar s should T abservedtat all times and should
Decome a way o vingg w0 that comeiows housht 1a not
necesaary 0 o apaut ellicient movement: Let's Teview
soe of the offis et mavenent piineiplos that have heen
discunned in earhior pages.

) Ule the strongest museles of the hody 10 move heavy
abjocts, e, the leg museles,

2 Keep the knees over the feet when texing the legs,

D Reep the spine in good alighiment,

4) Keop the lower bach tatwhen doing sit-ups and push-ups,
) Keep the body in line with the hands when pishing and
publing,

) Keep the head balanced over the spine

7) Keep the toes pointing straight aheas = Ahing, sune
ninyg, and jumping.

‘Why Does it Happen that Way?

A joint is formed where two ar sione i 2osome together.

movement Is dependent  The bones are held in the appror-= relatlonship to aach

upon the structure of
the joint

Synovial Buid 7oily”
the joints

88

other by [lgaments, musele tensior. ad by atmospherle press
sre, The structure of theeends of the bones, the way In which
they articulate, and the location of ligaments and cartilage
pads determines the type of action possible at the joint.

the joints which permit appreciable movement are called
the freely movable or synovial joints. These joints are
haracterized by a joint cavity, that s, a slight space between
the bones. This space is enclosed oy a thin synovial mem-
brane which secretes synovial fluid. The synovial fluid re-
duces the friction as the joint moves and may therefore be
thought of as the “oil”” of the joint. Trauma to a joint may
cause an excess secretion of synovial fluid which causes
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Ligaments are inelastic

Cartilage protects *he

. ends of bones by

reducing friction

Fibrous cartilage pads
help to absorb shock
between the bones

Abnormal stresses lead
to arthritis

Keep a flat or rounded
lower back when
exercising

Abdominal muscles
must be strong enough
to stabilize the pelvis
against the pull of the
strong hip flexors

swelling and reduced range of motion at the joint. The thin
svnovial membrane is reinforced by a fibrous articular cap-
sule. Ligaments often reinforce the articular capsule.

Ligaments are tough, inelastic tissue which do not contract.
Injuries to ligaments allow an increased range of motion at the
joint. This can, over the years, over-stress surrounding struc-
tures and lead to arthritis of the joint. Once a ligament has
been stretched it does not return to its original length.

There are two types of cartilage found in some joints. A
hard, shiny cartilage (hy’aline) covers the ends of the bones in
all joints. This type of cartilage reduces friction upon move-
ment. When this cartilage is disrupted, arthritis re-
sults. The second type of cartilage, fibrous, forms a pad be-
tween the bones of certain joints, notably the knee and be-
tween the vertebrae of the spinal column. These fibrous cartil-
age pads serve as shock absorbers among other things and at
the knee serve to reduce the amount of movement between
the tibia and the femur. .

Repeated abnormal stresses to a joint can lead to bony
changes at the joint. A bone responds to stress by increasing
its bone cell production. Therefore excess stress to bones at
joints can lead to the production of bone spurs and other
nodules of bone around the joint. This extra bone growth is
called exostosis. These outgrowths of bone can interfere with
normal movement at a joint and may lead to pain upon
movement.

The lower back is an area where many people experience
pain and discomfort following activity. A rule to follow is to
keep a flat or rounded lower back when exercising. If the
lower back hollows when doing sit-ups or any type of activity
involving movement of the lower limbs against the pelvis, that
particular exercise or maneuver is too difficult for you at that
time. There is a strong muscle inside the abdominal cavity
which attaches to the vertebrae of the lumbar area of the spine
and to the femur. This is the psoas major muscle. The psoas
crosses the hip joint and produces flexion at the hip joint and
hyperextends (hollows) the lumbar area of the spine. The
abdominal muscles must stabilize the position of the pelvis
and counteract the tendency of the psoas to tilt the pelvis
forward. When the abdominals are too weak to negate the
action of the psoas in tilting the pelvis forward the lower back
arches. To continue to exercise with a hollowed lower back
tends to further strengthen the psoas and increases the imba-
lance between the strength of the anterior abdominal muscles
and the psoas.
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Keep the lower back
flat when working to
strengthen the
abdominals

90

When doing sit-ups, curl the lower back, and when doing
any type of leg exercises from a back lying position keep the
lower back on the floor. When doing push-ups there is a
tendency to let the abdomen sag by givingin to gravity; this
alwo causes an arching of the lower back. Keep the back flat.
Keeping the back fiat is an excellent way to exercise the
abdominal muscles. You do not see very many people with
flat abdominal walls and hollow backs. The abdominals are
really responsible for maintaining the contour of the lower
back. -
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