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1. STRENGTH! -

A high level of strength is essential to good performance”
in all athletic events, and in some events strength is of utmost
importance.® Its relative significance varies depending on the
nature of the particular activity.

Strength is the ability of the body or its segments to
apply force. People often have the impression that strength is
only the contractile force of muscles. But strength involves a
combination of three factors: (a) the combined contractile
forces of the muscles causing the movement (agonists); (b)
the ability to coordinate the agonist muscles with the antago-
nist, neutralizer, and stabilizer muscles; and (¢) the mechanical
tatios of the lever (bone) arrangements involved. The first
factor depends on the maximum contractile force of each
muscle agonistic to the movement. This force can be increa-
sed significantly through progressive resistance training. The-
second factor depends on the ability to coordinate the contrac-
tions of the individual muscles. This can be improved by
practising the particular movements (developing skill). The
third factor depends on the angle of pull of the muscles angd
the relative length of the resistance arm and effort arm of
each lever. Sometimes this ratio can be altered advantageously
by changing positions of certain body parts.

There are two types of strength static (isometric) and
dynamic (isotonic). Static strength is the ability to apply force
at a particular position* without moving through the range of

motion. It involves isometric muscle contractions, such as pulling -
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against a fixed object, a cable tensiometer, or a back and leg
lift dynamometer. Dynamic strength is the emount of forec
that can be applied through a specified raiige of motion. This
type of strength is used more in athlctics.” The two types of
strength are somewhat correlated, but they are not syaony-—
mous, and it is possible to develop either type of strength
without developing the other type in the same proportion.
Static strength can be meszsured more accurately than dynamic
strength. .

The definition of strength—“to apply force” —implies its
importance in performance. Even though nearly all movements
are performed against some resistance, athletes perform move-
rients against much greater resistance than usual. For example,
in the shot put, discus throw. pole vault, various gymnastic
movements, jumping, running, swimming, and leaping, the
body segments must exert maximum force, If all else remains
equal, greater strength often resulis in better performance. In
some athletic events, strength is the primary contributor and
is therefore fundamental to exceilence in those events.

In addition to being an important trait by itself, strength
is an element in several other performance traits. It is a con-
tributor to power, becausec power=force x velocity. Increased

strength results in the ability to apply more force, and thereby

it contributes to power.

Strength is also a factor in muscular endurance, which is '
the ability of the muscles to resist fatigue while doing work.
Suppose & man moves a given resistance through a range of
motion 100 times. If his strength were increased 50%, he
would then be able to move the same resistance with greater

ease; hence, he could repeat the movement considerably more
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than 100 times. This illusirates how strength contributes to
muscular cndurance.

Strength contributes to agility because adequate strength
is required to control the weight of the body against the force
of inertia and to maneuver the body and its parts rapidly.
Also, strength is a factor in running speed because great force’
is required to accelerate thec body and to keep it in motion
at top speed. There is no doubt that lack of sufficient stren-

gth is a serious handicap to many would-be good athletes.
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level [levl] n. /K%, #nif

utmost ['atmsust] adj. HeFfy; BARY
relative [‘relativ] adj. #MAy; HXENH
significance [sig’nifikons} n. HEH; |
segment ['segmont] n. 45 &
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24.

. apply (a'plail v. igffl; Hle-- AT (to)
. contractile [kan’trektaill adj. WULHERY, AYWHH:T

contractile force 4g#ih

. involve [in’volv] v. @8 A

. combination [ ,kombi'neifen] n. &&; KEHE
. combine [kam'bain] v. &, B4

. agonist ['aganist] n. LI ‘
. coordinate [koau/o:dineit] v. () thifls (F) &4
. antagonist [en’teeganist] n. WAl ¥HF

. neatralizer ('nju:trelaizo] n. HR3ILHL

. stabilizer [steibilaize] n. XL, EEN :
. mechanical [mi’kenikl] adj. Bl ; DR

. ratio ['reifiau] n. [b#; M

. lever [litva; % ‘leva] n. #F, fL#F

. bone [boun]) n. F, () H#

0. agonistic [,eege'nistik] adj. FIHfy; BEkm

significantly [sig'nifikontli] adv. KkHhs HE ik

. progressive [pra’gresiv] adj. ZEHify; HHMY
. tesistance [ri‘zistans] n. b Kt
]

resistance arm PR 1%

individual (,indi’vidjusl] adj. A4-%ify; AARI n. £ A, 4~

e

. length (leg8] n. KB, ¢, (R K&

. effort arm '8

. alter ['o:lta] v. K%, &3

. advantageously [,=dven’teidzasli] adv. FHFih

. tyne [taip] n. 2HI, a7

. siatic Ustzetik) adj. ¥ (M) f; %k

31, isometric [ aisau’metrik]) adj. HKH

. dynamic (dai’n®mik] adj. 330 () ; FHEH
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38.
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40.
41.

42.
43.
44.

46.

47.

48.

49.

50.

51.

. isotonic [,aiseu’tonik] adj. “E3HKEY

. range (‘reind3z] n. Jif, X

. contraction [kon'trek{an] n. W#§ t
. fix [fiks) v. fE@EE; %R

a fixed object HETHyHk

object ['obdzikt] n. #fk; i

cable ['keibl] n. @3, NLB

tensiometer [,tensi’‘omito] n. ¥ it

cable tensiometer #¥EFk it

lift CLft] n. $2; % v. ##&; &
dynemometer [,dains’momits] n. #hif
back and leg 1ift dynamometer . Bl 5 it
specify Uspesifail Ma2; PEAREEY

correlate ['korileit] v. HHEXKR, KB (with, to)
proportion [pra’pa:fon]) n. [bfHl; &

. accurately ['akjuritli] adv. $5¥iib, M:Rakb

definition [,defi’'nifon] n. & X; MRt

imply Cim’plail v. &% - W&EE; B

even though (&% even if) B, #l#

shot [fot] n. ¥4¥k; F9; Hfiki

shot put (putting) #EEIERK, shot putter {EHRZFEFH
discus ['diskas] n. BB

discus throw HREEGBH

pole [paull n. %, ¥, v. WFF3EM, JA%HKk

pole vault $#%pk

various ['veoriss] adj. #FEERY; F£I

. gymnastic (dzim'nzstik] adj. K&K

. leap Cli:p) v. n. FkEk

. contributor [ken’tribjuta] n. TEk¥E; W/UH
. primary [/praimori] adj. FEN, HEMH
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63.
64.
65.
£6.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.

. fundamental [,fando’mentl] adj. :aifY; MER o, (F8

SE) RN (GRE®)

. excellence [‘eksalans] n. (i, &£&

. trait (trei, treit] n. G5 454

. element [‘elimont] n. Wsr; EHE

. velocity [vi'lositi] n. HHEE; @&

. contribute [kan'tribju(:)t] v. (to =% towards) H—#7;

Bt Rk

resist [ri'zist) v. 3k#k,

case [iiz]l n. "N BE v.

hence [hens] adv, Hik; A

considerably [kon’sidarabli] adv. A kb, #2454 H
illustrate ['flastreit] v. BEW; #{7)

agility Co'dsiliti] n. RIE (¥); #iE

adequate [‘edikwit] adj. EiBHy; &L

weight [weit]l n. &Ef; WK

inertia [i'na:fjol n. th¥:; RAE

maneuver [moa'nu:ve] v. 4., Bz n. B4 B
rapidly ['repidli) adv. R, PeEi

accelerate [&k’seloreit] v. Juk; 12

doubt [daut] n. EEI, PREE v. Rkt

lack {l=k] n. (of) T, A& v. 5% BF
handicap [‘handikep] n. P&}, RF{&ME
would-be adj. MERNMN, HEIXHH

* B

. ISIEEARP T &R R

strength D @&——I5 G B NNRET, Bk,
force H——1F A EMEM, Rk hBER,
power Bl explosive power %k H— B HSHENES (B
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2. POWER

Power (often called “explosive power”) is a combination
of strength and speed. As stated by DeVries (1966), if two
individuals can each lift 100 pounds a distance of three feet,
but onc can doc it with twice as much speed as the other,'
then he is twice as powerful. Likewise, if the two individuals
move at the same speed, but one works against twice as much
resistance as the other, then he has demonstrated twice as
much power. When expressed in a formula:

Power =Force (strength) x Velocity (speed)
It may also be written:

Force x Distance®

Power = -
ower Time

These formulae imply that when power is demonstrated,
force is applied over a given distance in the shortest time
possible.

Power is demonstrated in athletic performance by the abi-
lity to project an object or the body through space. In pro-
jecting an object,” the object might be thrown, kicked, or
struck, and the power is determined by the combination of
force and speed. For example, if a baseball batter applies
more force to the bat at a faster rate,the bat will develop
speed faster and will have greater velocity when it meets the
ball. In turn, the ball will be struck harder and will go
farther. Thus, a powerful hitter is one who applies great force
at a fast rate. A similar analysis could be made of the foot-

ball punt.® The football moves ata given speed at the moment

9 .



foot contact is broken (this is final velocity), and that velo~
city is determined by the amount and rate of the forc: appli—
ed to the ball. o

Shot putting depends more on pure power than nearly any
other activity. If the angle of projection is constant, then the
distance the shot will travel is rclated directly to its final
velocity (velocity at the moment of release). Thus, the prime
objective of the shot putter is to have the shot moving' as
fast as possible. To achieve this he must apply maximum
force at maximum speed over as much distance as possible.
(The longer the distance of force application, the longer the
shot can be accelerated and the greater will be the final
velocity.) Similar examples of power could be given in the
case of any throwing, kicking, or striking activity wherc
maximum distance or maximum striking force is the objec-
tive.

In demeonstrating power by projecting the body, the key
to success is still the correct combination of force and specd.
In jumping, the performer attempts to move the body as
rapidly &s possible in the correct direction at the moment
contact with the surface is broken (final velocity). The final
velocity is directly dependent upon the performer’s ability to
apply great force rapidly.

Sprint running is greatly dependent upon power because it
is essentially a series of body projections. When one considers
the prevalence of running, jumping, throwing, kicking, and
striking in athlctics, the significance of power perfor— -~
becomes apparent.

Even though power always involves the components of

strength (force) and speed, it is interesting to note that dif—
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fcicr t kinds of events require different combinations of the
two cemponents. Power events involving light resistance place
emphasis upon speed, while performances against heavy resis—
1ance depend more upon strength. For example, consider thx
throwing events in track and field. The power needed in the
35~pound weight throw mostly is dependent upon strength.
Speed is not a great limitation because even a very ‘strong
person will be unable 10 contract the muscles rapidly against
35 pounds of resistance. However, speed is still a contribut-
ing factor. In putting the 16-pound sho’. speed is of greater
relative importance, but strength is still the predominant com-
ponent of power, because the resisiance (16 pounds) is still
relatively heavy. In throwing the college discus, speed con-
tributes mo-e and strength ccntributes less than in putting the
shot. The javelin throw is th:> throwing event that depends
more on speed and less on strength than any of the other
everts, because the javelin is the lightest of the implements.
in summary, it can be said that power performances involving
heavy resistance depend greatly upon strength, while perfor-
mances against lighter resistance depend more upon speed. In
performances against very light resistance, speed is by far the
more important of the two components of power.

It is possible for a person to be extremely sirong and still
not be extremely powerful; conversely, he may be able to
move rapidly against very light resistance and still not be
abie to overcome heavy resistance rapidly, Thus, he may be
sirong but not very powerful, or he may have great speed and
not be very powerful, If, however, he possesses great strength

combined with great speed of movement, then he is powerful.

Examples are seen of some persons who are very strong, but
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