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' muscular contraction from a biomechanical point of view hecause it

‘ upon the contraction. The hypothesis tested was thst the maximum

. of angular motion and inertia. IR TR

| ) B ae

[
e R
T v o oy " " - “ . g
i R S by Ry wo~”wvm4mv~a}.m—.y‘pw~&‘l~ ki .“'*., g " gy ey L I g [T r—

ABSTRACT

&
~ Strength, in vaiying'aegfees,*ié'geﬁefaiiy;recagniegs'as‘a"
major component-of_successful participation in almost‘every sport.

How best to trsin for maximum strength benefits has been a sugject

-

of, controversy and the lack of agreement has stemmed in- part from

a lack of knowledge about the nature of muscular contraction.

® : ‘ ! ’ ‘7 :
. ~ r :

S . o, .

The purpose of the study was to fe-examine the,nature of

.,

was believed that the differences found in the strength levels for

;N

the three modes of contraction w!re not real differences but were,

reflettions of the‘combined'influence'of angular motion and inertia

!

torques produced at a specified angle of flexion by the forearm flexor

4 ‘o

muscles would be’ the(Fame regardless of the mode of contraction after .

“the apparent torque produced had been adjustéd for‘the‘peculiarities

v

—~ o - vt

. X . ER ’ T -
: : o\ . -\
IRV e o

Six male and female subjects performed isometric, concentric

. and eccentric contractions about the elbow joint using the forearm

flexor muscles. ‘The fcndamental premise underlying the experimental

'meahod was that the force, vhich imparted motion to ‘an object could

e
be.calculated if the timé and,distance characteristics of the motion :

e
S - .
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R

+

3

}

Y L

' approached. This Caused large differences between the concentric and

‘ﬁaS'calculated by summing'moments about the elbow joint.

o N -

were known Eccentric and concentric contractions against a @

/

reaiatance in the. form oﬁ a dumbell were \EQQrQed photdgraphid&ti&

e \\
using a high speed motion picture ‘camera. - The isometric\cont:zction
was also performed using a dumbell but fﬂerecording of this \

-

n§ .
photographically was not necessary since its exact motion was k:;;;\\\\\\\;\\

S
Special precautions were taken in order to ensure stabilization oﬂ

thehshoulder and elbov joints while the contractiona were being
performed. ‘Since most of the strength data in existance‘had;been‘

.

accumulated as the result of emperiments performed on dynamometers,

' . i ' . / )
an isometric reading was taken on the dynamometeradesigned by

.

KarpoVich'and Karpovich. The torquebrequired to produce; the govement

A
o

~ Whete sccelerated motion was involved, the results tended -

’

to show.no differences. ATheSe was no statistical difference between .

’

hic)

isometric and eccentric contractions. The concentric.contractions

exhibited a tendency to decelerate as the angle under review was '

—

‘4

" isometric torques.‘ It was reasonednthat the mathematical treatment .

" of the concentric motion was érroneous because the torque producing the

_ motioh could not have decreased Therefore, a conclusion regarding the i

’-

i {
,.nr

concentric contractions and their relationship td’isometric contractions

3 o

. was postponed until the experiment could be re-run using modified equatibps

v

equations; There was no difference in isometric torque values arisink

K

O RA S T N Y PR R MR A At wesomy el e P f o' po o s A g
) iy ? 3 G (G " | Lanboid Pt i ” b B *

- L

out .of the dynamometer readings and the value’ when performed with atw

.

dumbell.

el T - ‘. . . ’ < e e
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S - - Introduction

: I i
. It is important, therefore, that atﬂ{engs, coac’néé; Qal‘i those

“ -

R,
' interested in strength training have knn;§§dge of’ hoﬁ\ o best train
) X.. P

.)/

for maximum benefits. Ironically, \his type of information is lacking -
or it is at least subject to controversy. "This lack of agreement stems,‘
in, part, from ailack&of knowledge about the natnre of‘muscularA
contraction. |

 There are three ways. in which a muscle can comtract, namely,

o

»

V'isometricaily, concentrically and eccentrically.' As reported.in )
detail in Chapter 1I, the literature has stated that the force\
developed by a muscle wvas least concentrical%y and ma;imal eccentrically. \

‘ Conversely, it has also stated that heat production and oxygen o
consumption by muscle was maximal concentrically and least eccentrically.
It appeared, therefore, that the relationship between the_forte exerted

on the one hand and ‘the oxygen uptake and heat production associated

with it on the other was contra'y ‘to that which one would normally

a,

'vexpect Ve had, therefore, an apparent contradiction.' An eccentric
contraction had been reported to be the strongest while at the same

- time, it required the least oxygen and produced the least heat. This
phenouenon has been explained in terms of reversible chemical reactions

« -

with regard to the eccentric contraction.
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The purpose of this study was to re-examine the nature of

muscular contraction from a biomechanical point of view because it
\ | l \J

~was believed that the differences found in the sttength‘leVela/fqr

the various ‘modes of contraction were not real differences but were

”refleepidnsmef‘fhe’cdﬁbiﬁed-iﬁflueaeeﬁef»ggeﬁiiy“;ﬁd aﬁgqiar;moﬁieh

“ 2

) upon ‘the contraction. It was believed that' there was no difference

in the way a muscle;aontracgs whether it was eccentrically, isometrical-

1y or concehtrigeily.

By - o 3 |
The hypoﬁheeis to be tested was that the qaidmum’torque

produced at a specified angle of flexion by the forearm flexor

.

muscles would be the same regardless of the mode of contraction

'-after the apparent torque produced had been adjpsted for the influence

-~

39

of grevity,:ﬁhe_Reculiarities of angulaf mo#ionﬂand the method of
measurement . B Co o V
T ,
,The'following definitions were used in fﬁis‘peﬁer. A
concencric.coatractied was the generation of force by e.shortening‘
‘ muscle‘against-a resistance. ’AnAeeéeﬁtric_contraccd6avwé; the

-

generation of force by a muscle against a resistance which caused

the muscle to lengthen while it contracted. -An isometric contraction

was the generation of force by a muscle which did not change’leggth
whgleleontracting againstba resistance. o .

4

The word "tension" deserved special ettenfion because it had

¢

. -




been used liberally in the literature while, at the same time, it did

. not appear to have a precise meaning. In‘general, it appeared ro;refer' i

to the foice generated by a muscle. b !

t“Negative,and positive work regerredgto_ecgeutric andi__‘

Y

concentric contractions respectively. * The phrase."angle of flexion"
. v

\

referredrto the angle between the anterior surfaces of the upper<arm
and the forearu. It was measured from the ' positiou of reference

which has been defined as. "the position achieved when " the axis of the
arm and forearm are in a straight line"(Kapandji 1974) An'angle which
was used extensively in this study, was the angle 6 which referred to
,the angle between the- axis of the forearm and an imaginary vertical |

axis through the elbow joint in the sagittal plane.« The two angles'

referred to have been danonstrated in Figure 1 below. ) .

(2

" FIGURE 1 .
. Position of Reference

6§ = 0°

§ = 0° = Position of Reference Tjg\\\\\\\

A

s

5 , Lateral Views
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. .°  CHAPTER II - - R
: | . . v S
. Review of Literature - . '
There has been general egreenent in the literature thnt R

the tension deve10ped by a muscle was least conce;trically, grestést

: eccentrically and middling isonetrically., In 1965. Doss and Knrpovich o

conducted an- experinent using c<nanually operated dynamometer in order

e T T b o
" to com are the stre th\I ti concentric eccentr ¢ and isometric- .
P n; a\oi\\\\\Tg\. o nn,\yi o
contrscﬁefns of the elbov flexors. The results vere similar to thOse

1968) where concentric strength was found to be approximately twenty
,‘F (20) percent lover than *{sometric strength. Other researchers hsve '- ‘.
‘ found similar relationships although their studiés nay not have been o
designnd speciﬁically for conparison purposes. ‘fv;?“f&‘ o .f:'t
¢ ' . ) . N v B . : t

Not only did nuscle develop maximum tension eccentrictlly,

* N it -also produced the\Leagt\energy expenditure and heat., Abbott Bigland

IS

et et al (1952) atudied the physiologicdl cont of’ negative vork using two

bicycle ergometers placed back to back and coupled by a chain._ Hhilp ,'ﬁ._

”

one subject pedalled in the conventional forvnrd direction. ‘the other .

: renisted in the opposite direction. It was reasoned that é::légplist,‘
X, A
vho pedalled forvnrd, pedalled concentrically vhile the cyclist who

resisted,“ had his, 1egs driven backwards eccentrically. The results
. cOnfirned the findings of other btudies, namely, that the oxygen cost
— o
of ecceﬁtric\nork was less than that vhich was charactéristic of “" - ‘;“.,

\
concentric vork Other resesrchersvhave obtained sililnr results ’ ;/ j
X ! ; 2%

"
?

| R TI § 4 oL B .
! . , ’ T i 4 < o . ) R _“ . /‘ LA

o
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1971)

. (Asnussen 1953, Abbott & Bigland 1953, Kamon: 1970, Knuttgen €. al:

The significance of the afonementioned experimental results g:g
« } . .
and others was ndt lost on reseqrcherd. An eccenfiric contraction

could be "as high as seven tlmes'nore efficient than concentric work.

" Abbott and Aubert (1952) referred to studies which .have shown that heat

production during eccentric work was less than that produced during

v
)

concentric contrectidnSu The“researchers went one step further by’
oﬁserving.thatrébne work performed on a muscle during_an eccentric
contraction dleappeared and it did not reappear as heat or mechanical .
energy. They,concluded by speculating that ‘the missing work "might

\

.have been used to stop or reverse some chemical processes normally

\

proyiding‘energy in the muscle."

P . a
'“%bbott and Aubért (1952) studied ‘the absorption of work by
muscle forced to stretch. In ctheir summary of lfterature, they asserted

thdt the heat produced during stretching (eccentric contraction) was

more than that expected during relaxation’but was too small to account

for the work done Tae authors also stated:

"It is concluded that the missing work, about half of the:

e ' ’ rwhole, is absgorbed, presumably as chemical enérgy . . . it

appears that the physical.system respzn31ble for mechanical
' work is reversibly. coupled "

: ) \. A . ' .

. As a result of the foregoing experiments and others, the

b~
N

notion’ of a fundamental difference between eccentric and’ other forms

- of contraction became deeply imbedded in the theory of strength

physiology. Unfortunately,fthe data did not fit into a convenient



)

althouéh the work performed -was apparently equal, the strain while
lifting a mass felt less théniwheh it was lowered;’that is, there -
was less strain associated with;éccentfic work than with concentric

work. .
. -

B

, -~ ' |
The every day experience of most people and pegsqnal'ﬁ
12 SO

experience in the gym appeared to contradict the conclusians

reached by reseérche;s regarding the relationships whiqp exist between
the force outp;ts of the three modes of contraction. F&rther, oxyge&
thake and heat production studies, which have alread; been referred to,
provided concrete evidence that fhe work loads were not %233} in these
.studies if one disregards the notion of revergible chemical reactioﬁs.

the foregoing comments are limited to the special case of motion in a

vertical plane against the force of %;gvity.

¢ ¢

In view of the foregoing, a critical,;eviéw of the literature

, was undertaken in order to establish the basis for the present state of

- i

knowledge. As was indicated in Chapter I, the use of the word "tens{ion"
aﬁpears to refer to force output of a muscle. Webster's New Collegiate

Dictionary (1956 edition) defines the word tension thus:
N 6 .MECH. a A force (either %I two balancing forces) cawsing,
or tending to cause extenslon. b The stress or condition -

due to these forces.
N : . R gl

’\

) Clearly, the apparent\forces tending or céusing extension

varied~ac¢ordinguto the mode of contraction. It is known thai muscle

«

- .



. .

consistent model which could be 8sed to unify the knowledge.available

about stréngch and endurance.

Thoée who are experienced in weight training. are generally

: o o .
aware of the fact that, with the proper amount of resistance applied

to a limb moving against gravity, the initial concentric contraction

0

‘wiil ceése and become an isometric one. This phenomenon demonstrated:
the iﬁtimate.relationship which appeared to gxist;between isometric,
eccen;ric ;nd‘concgntric confractions},'ln view pf this experience,
it made nd sense to say that the forge generatiqg caﬁatity of muscle
during the concentric contraction was tﬁeﬁ&y (20).peféent less,thén
ggs isometric value at the instant thé concentric contraction became
. - .
isometric. Intuitively, it appéafed to be an error to n&ke the

statement that the force generating capacity of concentrically

contracting muscle was eighty (80) percent of an isometric contraction.

W

The same line of reasoning was used when comparing eccentric ,

1

and isometric contractions. A resistance could be moved downward with
gravity voluntarily until a peculiar angle wasireached where” a maximal
2

con;ractionvcould be made isometrically without changing. the resistance
but beyond the said ‘angle, the resistance forced the muscle to coﬁttact .
involuntarily in an ecceiitric manner. At the instant after. the contract- .

ion became eccentric, it again did not seem reasonable to state that

x

muscle. could eccentrically contract twenty (20) percent more forcefully -

than it could isometrically. S o

Finally, it has been the expérience of most people that,t

1
v



can support more weight than it can_lift, for example. To make\the -
logical jump from‘tension (resistance).to‘force\output by the musele,

however, was unwarranted because the'equivalence of tension to the

N
\

strength generation required to overcome a resistance d not been

established None of the Singh and Doss studies, for example, - . \\
considered the weight of the forearm or the charaeteristics of angular \
motion. In addition, it was assumed that the constant a?gular velocity
involved in their studies was devoidiof accelera . ;ormally,"this
assumption wouldcprobably he a reasonable one, but the particular
motions studied in the ahove referred to studies involved angnlar motion
of the forearm about the elhow Joint in the sagittal plane where the
accelerationvdue to gravity operated vertically: i:.is a peculiar
property of the said angular_motion that a point on the forearm
aceelerates in the verticalnplane.from an angle 6 of zero (0) to

ninety (90) degrees and it de-accelerates from ninety (90) to one X

hundred and eighty (180) degrees (see Figure 2).

Figure 2 demonstrates vertical accelerationﬁn&ﬁa point on
Han arm‘nhich is rotating at a constant angular velocity:. An arc has
been drawn,which represents the path of the point. _ﬁoual distances on
‘the arc have been marked off and the distances between these points
represent equal distances travelled per-unit-time. " These points ha;e
 been projected to a’Y-axis where the distances between points are
clearly not equal although the time interval between these same points

1]
.

has not changed.



‘FIGURE 2

a

‘Acceleration in Uniform Angular Motion

Y- Axis -

\

De—Aecéleration'
|

Aéceleration" ,
: ¥

.

N

In the study of the physioIogical cost of negative work by

—

Abbott, Bigland (1952), “two bicycle ergometers were placed back to back.

”

A single chain coupled the bikes" such that when -one subject pedalled
in the normal manner, the 1egs of the other were driven backwards,
that is, he was forced to pedal eccentrically. The authors\of the
.~ experiment stated that the forces applied by ;hg cyclists agai;;E\\\
each’dtherzwere equal because the"pedglling was performed at a éonstant\i\\\*

\-.

velocity. A reconsideration of the experiment indicated that the .

assumption of equal and oppoéite forces was unwarranted. The subject.
who pedalled con&éqtticaily:hﬁd to constantly 1ift his own legs and
thosé of ﬁhe-re;igFer, overcome the inertia éf the system énd 6vefcome
the resistance appiied by the resister. The resister on the othér

hand needed only to applyc;esistance. Clearly, the work performed by

the<tQ3 cyclists was unequal.'_Thg apparatus'has been schematicélly

~.

N



11

illustrated in,Figure 3.

FIGURE 3 -

A
-

Schematic Representation of‘Abbott's'Negative Work Experiment - .

10

Eccentric'Work

Concentric Work

Asmussen (1953) studied the energy cost of positive and
: G
negative work using a bike ridden uphill and downhill on a motorized

treadmill. Although the experiment was incompletely described a

.
R

detailed examination suggested that both up-and downhill work were

concentrically performed 1 order to perform positive (concentric *

_work uphill) work, the cyclist had to overcome the component of the

combined force (weight) of the(rider and bike which was. parallel to

the treadmill as well as the force generated by the treadmill causing

‘ the bike to move backwards (see Figure 4) 'With regard to";he

/

negative work, it appeared that the treadmill was running and that the .

bike faced in the downhill position. If the treadmill was moving in’
the downhill direction, the cyclist had to pedal backwards in order to

maintain his position on the treadmill and the'muscular contraction

i
a

‘had to have been concentritally performed If the treadmill was»moving

in the uphill direction,- then concentric contractions must have been

performed also. (8ee Figure 4) The only way eccentric work ‘could have

taken place was.to have held the treadmill motionless and to have

L4
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o ‘ . o
inclined the platform at a sgteep, angle éo that the cydlist was forced

n kS
to resist the downhill movement of the combingd bike\and rider weight

would have had to have been in itsano?hal position.

FIGURE 4

If the foregoing reduced ones confidence in the current

)

state of knowledge about muscular contraction,.the experiment of
Infanti et al.(1964) ceused profound doubts. Referring to the
foregoing experiments and others, he stated in his review of literature

that these studies

"leave little doubt that the chemical reactions which.
normally occur durifg-contraction can be reversed by
stretch under the inYluence of -the mechanical work
supplied." :

S

The purpose of his study was to see if ATP was re-synthesized under

¢

such conditions. He found that, although the ATP breakdown was about
one—hdlf of that which would have ocCUrred concentrically, the re-
synthesis of ATP did not occur. :The researcher remarked‘that his

i e v
results were in apparent contradiction to the current theory. He

.then concluded that ATP was not the final source of'energy for muscular

work." ‘ ' Lo [

Ehuttgen et al (1971). studied oxygen debt in short term

11



N T

AJ
LI

v ) .
exercise with regard to’ eccentric and goncentric work The results~|

v

t

indicated no significant difference in recovery. patqerns.
/// o . ! \
i

1f the notion of reversible.chemicai reactions has been

found wanting, the notion of absorption of heat was found to be equally"

suspect. The experiment of Aﬂiott and Aubert (1952). which studied
the absorption of work by muscle, calculated the heat produced
eccentrically by subtracting the heat which would have been produced
had ‘no stretch occurred from the actual heat produced. This procedure

may be criticized by stating that the wor;\p€r£Q<med during positive

and negative work had to be equal in order‘to make such .a statement.
N ,

Movement in the human body is normally angular whereas the motion of the
resistance in the’ experiment was linear. As has been explained in
.Chapter IV, the resistive forces in angular motibnjin the vertical
plane are.not“thedsame when moving:up aspwhen moving'down.

It -was considered possible that the differences imrthe
production of force by muscle as a function of the,contraction could -
have been the‘result.of the'seriea_elastic component'in the muscle
tiéaue. Wilkie (1956) stated in his study of the Mechanical Properties
of Muecle, that the series elasticlcomponent:of muscle smoothf'out'the

zrapid'changes in tension in the muscle. He correctly pointed out that
the series elastic component has no mechanical effect upon a contraction
when the contractions are performed isotonically'where the term
nisotonic" refers to equal tension in the musclé,b Much oftthe strength
data produced and ail of the strength data referredfto in this report

has been the result of experiments performed upon machines which purport

!

12
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to allow uniform mation only. The'dypamdﬁeter referred to in this

4 ! ’

"repdrt‘ﬁag a éasg"in ﬁointJénd it wa; the m{chine usé&nin the stuaies‘
of/Siﬁgh apd Karpovich (1968 gnd'196§); Siﬁce fhésé gtudies

iﬁvoived qoﬁ acceléraged-;otiop, gge series #igétic'éompgnent cbﬁld‘.
not have accounted foq ;hé'sbread in streagth vélues“found for the

Vvarious modes of éontract&on.

wIn summary, the litgrature has béen found bﬁthtcontrédiétory:
- and suspect ﬁith regard'tb some of the copclusions réachgd. It is
concfadictory,iﬁ that thére was evidence wﬁichfdid not sgpport the -
rgversibie éﬂemical{reaction theory. In fact, thé expériments éf
Inﬁaﬁti and knuttgen gg_gl suggested that theré was no ETfﬁg;ence in
the muécle physiology of conéent:ically and eccgﬁtrically coﬁtracting
muscle. 'Thefexperiﬁents of Abbott :and Asﬁﬁssen, which -found
différences in work efficiency: have been found ﬁuspect'béc%aée_it
was not clear ‘that the work loads were equal on the one hand and on the
-other hand, therg,wﬁs doubt as.to whether or not eccen;ric and

‘conéeﬂtric wdfk were, in fact, being performed.

- -

—



CHAPTER III

Method aq@ Proceedure - ,' '

The fundameﬁtal premise underiying‘the eXperimeﬁtél
.method and p:ocaedure:was that thé force which impaf;ed motion
'to an objct could be calculated if the time and distance
characteristics of the motion were known. The satisfaction 6
two criteria followed from the forégoing; firsﬁ, a simple; unlomp—
licated movement was needéd'about‘é Joint whic? was geo;etrically

simple'ahd.éecond, a méthod of accurately recording the motion in

P

sufficient detail for analysis was required. The movement, which

- best fulfilled the first cfiteria& was contraction of the flexors of the

forearm about the elbow joiﬁtu Eccentf@c and concentric contracéTUns,
against a xesisténce in the form of a dﬁmbell were recorded photo=
graphically using a high speed motion picture camera. An isometric

contraction was also pgrformﬁgvpsing a dumbell .but the recording

of this event on film was not'nécessary because its exact motion was
known. In view'of the large amount of existing dynamometer data, it

was decided to include an isometric measurement from the dynamometer

‘described by Karpovich and Karpovich ' (1969).

In order to ensure that the forearm flexors were prodﬁciﬁg'

movement without assistance, a method of stabilizing the upper arm
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had to be devised..'Those experienced in weight lifting are'éware
‘%f an inclined exercise board used’bp "body builders'" to stabilize
the’ upper arm while performing curis", that is, concentric 3
contractions. An inclined bench (Figure 5) wag constructed’ for4:he
experiment. \ |

FIGURE 5 : o .

s | . , Y Incline Board

The subjects were instructed to stand on the base and to lean

into the board such that Qbe top was securely pléced_into the axilla \'

and the extended arm was lying on the board. AA‘foreward lean,was

neceseary in order to both.position the axilla properly and to
~stabilize the bodp by using the bench as support. Those experienced
~with handling weights assumed the proper position without instruction°
and the elbow and shoulder joints remained fixed while -the* muscles -
cOntracted. The inexperienced, however,’transferred 5upport of their
upper body from the incline board to their front leg during, K maximal ‘: Ll
work and thereby, freed the shoulder from its positioﬁ“ﬁf contact .

. vith the board. As a result, the subject was able to disp}ace the

shoulder and elbow'joints. This movement .affected the contraction by

(I 4



. .
e e e .
e LR P [ ~

improving the mechanical advantage of the lever system, This.

resulted in gross deviations in the resistance required. td pfoduce_
' . N ., ‘. . .v .

'.‘aq isometric contraction. As a result, restraints had to be -

introduced to prevent the shoulder and e}bow'joints from moving

laterally and medially.

i
-

- A photographer from the pho;ographic_se;vices department
at the University ;f Alberta was used for the actual filming. The -
film was taken at right Angles to the movement of the forearn ‘
" around the elbow jéint. Black‘and white fiim was used and the
" camera éétting specifications were, one hundred {100) frames per
second,; ﬁhirty six (36)—degree shutfer angle aﬁd oneJthouégndths
(iOOO) of a second shutter speed. The ééméra was’locatedhtwelve

-]

(12) feet from the subject.

’

A group of six male and female subjects were used for the

study.' Pertinent data for each has been sammarized below.

Subject Séx Age ’ A : Comments -
1 f 35 ~ Mother &, ousewife; avefage physique & fitnéss
2 f“ %9 : First yearvunigersity‘éthdent; aVerage fitness
3 a5 -‘ Jﬁnio: hig schoél étqdent; non athletic
4 m 30 _.Mas;eré_degrée student~in physical edﬁcationm'
5 m 36 | _ Maateré Jegreé student in physical educafion;

experienced with weights; athletic background

6 m 21 4 Clothing sqlgsman; average fitness

Three testing sessions were conducted. The first'sesaion



. \

consisted ef familiarizing the subjecte with the apparatus and the
movements to be performed on it. It was ;130 held for the purpese' i
of determining the amount of dumbell resistance required to produce

an isometric contraction at an angle 8 of eighty (80) degrees Each
:subject was . given progressively heavier weights while performing
concentric contractions on the_inclined bench. At the correct amount
"of resistance, ?he subjecrzrae able to move the forearm'eoncenrrically'L
upwards.until the angle was 1eached at which time merment ceased and

the weight was held iggmecrically at that angle. Four or five.trials

were required to determine the correct poundage. Weight was then *

\

) ' - \ :
arces which would allow eccentric and concentric contractions through ;.

.

added and subtfacted from the isometric value*to fine those resist-

the aﬂgle. The resistances used.aﬁd their relatlonsﬁips to one another

have been outlined on Tables 1 and 2.
. . TABLE 1

ResistanceQ’Used For The Concentric
- . - . N . :
Isometric And Eccertric Contractions - -

- (pounds)

¢ =80 . o = 110°
Subject Concentric Isometric Eccentric Concentric Isometric Eccentric

3

1 ° 1.5 0 17.3 32.7 16.9 28,5, 35.1 O\

2 10.7 - 12.9 16.7 . 16.8 20,4 - 27.7
3 16.8 22.5  29.9 225 30.0 © 37.5
4 9.1 394 \46.2- a2 - 40.4) . 53.6
5 210 323 - 52,5 0, 212 '45.4‘ 52.5

- » .-

6 © 32,2 o ?7.9‘ 53.4 SL32.2 40.4 58.0 .
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TABLE 2 o

Registances As A Proportion Of Isometric : - S

- o =80° . 6 = 110°
Subject Concentric Isometric Eccentric Concentric' Isometric Eccentric
1 0.84 1.00 1.9 09 100 1.23
2 0.83  1.000  1.29 . 0.82  1.00 1.3
3 . 0.75 1.00  1.33 o.}s ~ 1.00 1.25 ]
4 0.74 1.oo§ 1.17 0.80  1.00 1.33 .
"5 0.84 ~ 1.00 1.63 0.60 . 1.0’0' "1.16
6, 0.8% 1.00 . 1.41 0.80°  1.00 1.4

The second session was divided into two parts. The firat
part consisted of taking isometric ‘measurements on the dynamometer at‘®

two angles of © equalling eighty (80) degrees and one—hundred anﬂ ten

[
(110) degrees. These two angles were chosen because .they were above

’»and below the horizontal at points where gravity acted with almosg;fulg
~ -«
force. The subjects wete placed in the dynamometer so that the

'

shoulder was placed twenty oegtees posterior to.tne eloow joint. this
,'waainecessitated by the fact that the upper arm lay at an angle of o
twenty (205 degrees to thefnettical when it was-iying on the incline
board.v The lateral epicondyle of the humerus was placed opposite the
axis of rotation’of the lever arm. The contact plate for the distal
forearm was positioned such that the distal border of the plate lay
at the styloid process of the radius. .The distance ftom the axis to
the;distal border of the plate was measured after each contraction.

Each subject was ta%gn in order and each performed three contractions o

at each angle.

4,



o = 80° S 6 = 110°
Concentric Isometric Eccentric Concentricllsometric Eccentric R "

0.84 1.00  1.89° 059 1.0 .23

0.83 100 129 . 0.2 1.0 136
0.75 1.00  1.33 o.'}s 100 1.25 N
0.74 . 1.oo§ 1.17 0.80  1.00 1.33 .

0.84 ~ 1.00 1.63 0.60 .1.0’0' "1.16 \
, 0.85 1.00 . 1.4l 0.80°  1.00 1.4

The second session was divided into two parts. The firét
msisted of taking isometric measurements on the dynamometer ac‘®

'1es of © equalling eighty (80) degrees and one—hundred aﬁﬂ ten

o

[
legrees. These two angles were chosen because .they. were above

Low the horizontal at points where gravity acted with almosg;fulg

<!

The subjects we:e placed in the dynamometer so that the
ar was placed twenty §egfees posterior td.the elﬁow joint. this
ressitated by‘the fact that the upper arm lay at an angle of .
(205 degrees to theffeftical when it was-}ying on' the‘incline
The lateral epicbndyle of the humerus was placed opposite the
E rotatioﬁ’of the lever arm. The contact plate for the distal
n was positioned such that the distal border of the plate lay
styloid process of the radius. .The distance ftom the axis to
stal border of the plate was measured after each cqntraction.

ubject was ta%gn in order-and each performed three contractions = -

h angle.




to the four raw data scores. Statisticklly speaking, this study

was designed as a single. factor experiment where the adjusted scores

were considered to be repeated measures. Treatment effects were

measured relative to the individual who thus was his ,own control.

The difference between two observations on the same person\depenQed,

" in part, upon uncontrolled or residual sources of variation. The
\":.:‘ . .

- o

‘appropriate tést used was an F ratio thch comparea the mean squére
of the treatment effects to the mean square of the residual effects.
:F tests the hypotheses{that Tl ; T2 - T3 = TA and in‘this.stu&y,

T represented the treatment effects. The Verbal hypotheées re-

. ‘ 7
stated was that there would be'no difference in T.

20
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CHAPTER 1V
s . ‘Treatment
Natu:al phenomenon and even the research data quoted
/buggested a,more plausible model of muscle contraction and a model

which was more consistent with the physical laws of nature. It

'hypothesized no differqpce in the ability of muscle to contract, .

- that is, muscle would contract’ih the same way regardless of the
method employed. If this were the case, then there were only

_two factors which could account for the apparent differences in

" work output, -namely, the quantity‘of motion and the effect of inmertia.

Since all limb movement in this experiment was angular, all motion

was necessarily accompanied by acceleration even if the angular

Ry

:_velocity was uniform in the’vértical plane. In addition, all

‘movement would be accompanied by a moment qf inertia whose effect

would increase exponentially as the resistance moved away from the ;

axis of rotation.

o | N

. . . 4
*-It followed froﬁ the model prgbosed that the effective
strength Qutput‘of a.conceﬁtrically contrac;ing muscle had-to be
its ma#imal strenéth Qotential‘less that which was ﬁeeded to pfovide
gcce;eration and that which was needed to overcome the inertial
’ effect of the system. 'During an.isometric contraction, the inertial
component became zero while duriné an eccentric coﬁt;actian,_the

inertial influence assisted the muscular éffort by’fesisting the

dowhward motion of the resistance. Thus the amount bf force which

21

\



22

-a muscle could sustain eccentrically under identical velocity criteria
would be more than it would be able to'cohcentrically.sustain.

»
-

Since a study of this kind had not been conducted before, tpe

matﬁematical éx?re;sions to be uséd haa to be deveioéed) ;Meriam (i97i)?
Plagenhoef (1971), and Slote et al (1963) were useful in this regard.
The tétal ﬁofque required for each contraction was ancuiated by summing,;
moments of force about the elbow joint. An isometric c0nt;action |
(Figure 6) using 'a resistanceiin the férm qf é dum@ell hgl& in the
.hand'proved illustrative. Figure Qaflliustrated thg,posiéiod~of the
arm while Figure 6b summarized ;he fq;ces involved. ‘The’shoulder and
elboz'joints were assuméd to be fixed and the only mqvement possible
about 'the elbow joint "o" was rotationm of the forearﬁ.and‘resisgance

in the vertigéi plaﬁe.

FIGURE -6

Isome:ric Force Diagram

(a) . NOR

The weight of the arm was considered to act at the centre of
" gravity of the limb and the summation of momerits of force about the

axis "o" was:
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wtarasine f Wtrrrsine ‘ - ' ,uf/

vbut Wta = mg

=
.

, Wt = m
R te 8 ‘

. o _
therefore M. = (m.r_ + m_r_)32.17sinf®. . .
: ' a a rr . ~

The isometric contraction was the sinplest toldeal'with asg'
.it did not involue motion. Tne same isometric eduation used for
calculating moments of force where dumbells were utilized was. used to
analyze the dynamometer readings A small adjustment was necessary,
i however, because the dynamometer recorded the force applied at right f
angles to the lever arm regardless of the angle of flexion of the
arm. x\Therefore? the moment of force of the dxnémometer reading
was %hefreading."R" times its perpendicular/di;tance‘from the axis‘
. which was the distance from the axis of’rotation to the point of
application of torque to the dynamometer. The point of appllcation
was considered to be the mid point of‘the.plate which received the
«- distal end of the.forearn. The modifiediequation‘was written as follows:

M =mnr (32.17)siné + Rr o e
.o aa’ . . : |

i

Concentric and eccentric contractions were analyzed with
the aid of their respective resistive force diagrams contained in

Figures 7a and 7b. In the case of a concentric contraction, two’

)

' additional forces were added to basic isoﬁitric drawing; These two-
were the inertial forces associated with the masses and they were
labelled Iéa and Ira.' These same two forces were present in the‘
eccentric contractions but their role waslreversed;,that is,'they

opposed the motion due to gravity rathervthan the motion due to muscle.

|
I

e e s
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FIGURE 7
Concentric and Eccentric Force Diagrams
-~ a) Concentric - : o b) Eccentric

Iomreg - rr
Meriam (240;1971) has shown that the resultant sum of all
‘moments about'the centre. of mass of an object'was the same as I°u 

where I was the monent of inertiahabout the centroid and ¢ was the

angular acceleratiod. It was also subsequently pointed out that the,

resultant sum of all moments about a point called the centre of

percussion was la where I was the moment of inertia associated

vith that-point and a was the angular acceleration.. It was more

convenient to choose'the~centrerf percussion as the point of

application of the force.nra. Since theicentre of percussion was
uniquevpoint‘where the resultant moment about the axis”or rotation

was preserved it was chosen because consideration of;the force

: m%a was eliminatedL’ Thus, only two pieces of information were

reouired in order to solve for the torque producing a movement,

naneiy, the anéular aCCeleration of the novement and the.noment.

of inertia associated with the centre of percussion of the mass.

Since two masses were involved in each contraction (the

arm and resistance), two moments of inertia were required The



o
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details of their calculation have been included in the appendices:

of this report.

‘The ¢duation used to solve for the resultant torque of a-
. ' .. . b b
concentric contraction was:  _
M =mnrg+mrg+ +I)a -
'ata8 T M8 I, + 1) . ,

The equation used to solve for the resultant torque of an eccentric
) . ' by

| ' 4
contraction was: ' . |

‘ o - L
M .- m.r g + mrg - (Ié-+,1r)a

a

25



(268:1971). The detailed calculations have been omitted but the

CHAPTER V

Results and Analysis

The;rad'and adjueted scores obtained during the testing
. Process have been presented in Table 3. Inspection of the data
indicated adjusted concentric scores which were significantly below '
the scores of the other treatment groups. The adjusted eccentric
scores tended to be greater than their correéponding isometrica

scores. The adjusted -scores were subjected to an F test in order to
\ .
determine whether or not the apparent trends were statistically

significant._ B ' R,

v

@ )
The statistical foremat used was that found in Winer

1

3

}significant calculations have been included in Table 4. The

computational procedures used have been listed: below as has the

variance formulae. ; ﬁ‘ .
| ‘ | N S _
Summary of Computational Procedures 'Computation of Variance
G2 | o " - :
o2 T . N - '
(2) = Iix ' S .7 SSuithin = (2) - (4)
oy . IT2 _ .
3) - ;o : ‘SStreatments = (3) - (1)
EPZ ‘ ‘ . . ss . , ‘. .
@ == . residyal = (D-(3)-(0)+Q)
’ SSeoral 7 @ - @
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" TABLE 4

Statistical Analysis of Adjusted Scores’
(pound feet)

Subject 1 2 3 4 TOTAL ' MEAN
{Conc.) - (Iso0) (Ecc.) - . (Dyn.) s

1 15.2 17.2. 19.6 17.2 69.2 »  17.3

2 10.6 13.3 13.4 14.2 51.5 . 12.9

3 23.3 24.2 27.9 25.7 101.1 25.3

4 26.5 39.5 44.0 44.5 154.5 38.6

5 31.0 33.9 43,2 38.5 146.6 36.6

6 35.9 40.0 43.3 37.5 156.7 39.2

1 17.7 26.3 29.6 29.3 102.9 25.7

2 17.7 19.3 16.5  19.4 72.9 18.2

3 22.6 30.2° 36.0 - 31.1 119.9 30.0

4 28.8 38.6 38.1 47.9 153.4 38.3

5 29.6 44.7 44.6 42.4 161.3 .. 40.3

6 27.4 40.6 46.5 42.4 156.9 39.2
TOTAL ~ 236.3  367.8  402.7  390.1  1446.9=G

MEAN  23.9 30.6- 33.6 325 % 301

The data compiled in Table 4 was used in the computational

" formulae _to_compute variances. Mesualcuaum_hwe—been

, assembled in Table‘S under the heading of Analysis of Variance.
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TABLE 5

Analyéis of Variance

Source of Variation ss | d.f. “M.S
Between subjecﬁs- ‘ 4391 11
w1£h1n”subjects 1088 ' . 36 .
Treatment 684 oo 3 | 228.0
. Residual ~  4of .33 S 12.2
Total R D) Y

" The interpolated critical v§lue for. the F ratio was:
F.05(3,33} = 2f896

F = ®treatmeny = 228.0 = 18,7
12.2 ’

5residual

As a result of the aﬁaljsis.of variance of thé_treatment écores
(Table 5), it was found that the value of the F ratio exceeded the
.cr;tical value required- for no difference between the treatments. An
 inspectioﬁ'of the data'sqggeétéd that the difference lay befween -
treatment groups.(l) and Ehé1q£hers. Thevhypéthesis thét T =T33 =Ty

f

was then tested using the following procedure outlined by Winer (268:1971).
22 2 T2
. ‘-.'1'2+T3+T4-(T2+T3+T4)
2 234 n . 3n

= 26.0

ss |
234 26
M85, = qf. "z~ 130 - ,



The critical value for the F ratio was : F 05(2,33) = 3,293

A

MS, .
treatment _ 13.0 = 1.100

122

Fe
MSresidual

»

The statistical test confirmed that the difference between
treatments lay between (1) and the remaindinp groups and that there was
no statistical difference between groups (2), (3) and (4) at the .05

‘confidence levei. Thus, the hypothesis of ghis study was .confirmed in

] [}

part.

The data in group (1) was examined more closely in an attempt’
to determine the reason wh&,the results did not follow the pattern of

the other groups. A simple_t—test~wds'runlfor-each subject at the two
. - “\ ) © :
angles studied. The mean and standard deviation were computed for

treatments (2), (3) and (4). The score for (1) was then tested to see if
: ' » ) .
it was statistically different from the mean previdusly computed It

'was found that five (5) of the twelve items in group (1) were statistical—'

ly different and of these, four (4) were at an angle 8 of one hundred

~

and ten (110) degrees. A chi square test of independance using Yates

~

correction for continuity, did not indicate a significant difference
. . .

between the two angles. The probability associated with the distribution

of differences found. in (1) of statistically significant scores was

. . ' st
M

.20 < p < .30.
\
The statistically significant scores were examined for a

common’, factor which would explain.their presence. The sdores revealed

4

no preference for égé, sex or fif’pss level. However, four (4) of the

five (5) deviant scores weré characterized by negative acceleration.

-
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\ v C o ,
Score (2) wa; also characterized by negative acceleration but 1t waé
not found to be statistically signific;nt.
v i

It was reasoned that a contraction at 8 = 809 shoulé
éxperience decreasing acceleration if not de—acceleration. However,
it was not clear why negati;e accéleration-should occur at
where acceleration'should have been tbe rule és the elbo; joint
provided an inéreasing percéntége of the force requifed to éupport

-

the mass and where the resistance lever arm shortened. /
5 v R

The equatdon used to adjust the raw scores was then

-

re~examined.

. - . + '
IMy: M mrCg m.r.g f (Ia + Ir)a

o
Thevequatién indicated that the difference beﬁ&een the torque of a N
istatic'contraction and a dynamic one, was thé iﬁ;eraccion of inertia

and motion. When "r" was changed,jI‘r also chang;a. For a given
resistance, a should, depending upon the angle examined, experiencé
positive or negative acceleration. Thus the -equation confifmed that
thch was expécted. However, what>was not expectéa was the‘fact that
‘the equation would yield a conCenﬁr;c torque which Qés less chap tﬁe,
isometric. This sitﬁatioﬁ could notrﬁg unlé;; thé resistance was moving -

faster than the arm. This resdlt did not make sense because, in the case

_case of the example préviously cited of a concentric contraction ..



‘
~ '

ending as an isométric.one, it appeared to be honsense to state that

the concentric contraction was produced by less torque than the

subsequent isoﬁ!%ric contraction.

1f the foregoing argument was cogent, the reason for the low
concentric values was either in the mathematical expression of the
\Q?vement or in the-application of that expressioﬁ, In an attempt to

find a solution to the problem, a model was constructed to simulate

the movements examined .in this study. The apparatus has beep illustrated

‘vin Figure 8. » SR °
' _FIGURE 8 \

Mechanical Analogue of The Forearm ‘

i And It's Flexor Muscles

mg_

.
' 0

Using a constant weight at F, the transformation of a .concentric

v ~

.contraction into an isometric one was accompfished._,A concentric

o4 -

contraction, which de-accelerated as it moved through the angle and

’ ~

'tﬁen accelerated, was also duplicated using a constant force F.

-
= . . —
o

.

In view-of the foregoing, it was concluded that the éppii—

cation of the moment equation and/or its form was incorrect. * :

» ~

“on
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In summary, the statistical results did not iﬁdicate a
signifiéant difference betwegn the ;djusted eccentric and isometric
valiies. On the other hénd,”a difference was,founa between concentric
and isoﬁetric«vglues. The first fesult‘supported the hyéothesis ;;ile
the second did not. &ith régard to the second, it Qas pdinted out
that the ip%eraction of the data and fhe mathematical treatment of it
produced a suspicious resﬁlt when, during a con;entric contraction;

l
the movement decelerated. A judgement regarding the results arising

out of the concentric contractions must wait for a retest at which

»

time a refined methodology viJL-take deceleration into account.

A

“

The results in general should be viewed with caution due to
" the small number of subjects. However, the data does suggest th: motion
’ B ° . ) ! ' r
plays a significant role in the ability of muscle to contract against

a resistance.

In conclusion, the reéults of this study ;re'i;;onclusive.
The lack of a siéanicanf difference with regard tq’the eccentric
contrattion and the :large diffetences found with regard tohthe concentric
f&%ontractionsogay be due to cﬁég;é alone. However; otﬁe; eyplanations“
Ihave Efen pﬁt Esreward and a repeat of the gipgriment ié‘warfgnted._
' gd;g

W s
s
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" CENTROIDAL MOMENTS OF INERTIA

OF THE RESISTANCES

The resistance used by an individual for a particular
contraction was an assemblage pf seperate reSistaﬂces which
'coliedtively formed the dumbell. Each part had its own peculiar
mass ' and shapé ?nd thus, had 1ts<ij? peculiar moment of inertia

about its centre of mass.

In ordef\g?‘iilgglifs/fhe'momenf of force which iméarted '
-m;ﬁe;tﬁm to a.pﬁrticular resistance, iﬁ‘w;s neceésary to Know. the (\\\
moment of inértia of.the dumbell about its'axis of rot§tioﬁ (the

elbbﬂ joint of Ehe subject pgrforminé the‘cohtréction). The first
step in this cbmputation was to ;alculatg the mom;nt of ineftia.

of the hasses'aSQut their ceﬁtrq _: Standard moment of inertia

formula were used((Meriam:l97l). B .

P .
-

- » 5 . ,
Each calculation has been presented in three parts. A

' sectional drawing of each part of the dumbell; the calculation of the
'_ﬁoment of inegxiar(lo)-and the'computatith'leading up to the inertia

calculation.



" BAR
‘ 2
,Io f 1/2 mr

- 1/2 (,1088)(.0442)°

‘ - .0001 slug feet~aquared'
Weight: 3.5 pounds

Mass: - .1088 slugs

T—.0677' i - Weiéht: .6875 pounds
[T - |

Mass: - .0214 slugs

r__.‘
.0885"'

3/10MR? - 3/1omc? - 1/20 x|

\
I
o

= :3(.0352)(.1042)% - .3(.0096) (.0677)% - .5(.0042)(.0469)>
= .00l slug feet squared



VOLUME CALCULATION
' H
.0885' h

% _
: . H___ H-.0885
. 1042 0677

T “\\\\ . H = .2526 feet

1042'
0469'

Volume = 3/5 R2H ~ 3/5 r2h - rz(Hfh)
(collar) : '

= 3/5 (.1042)2(.2526)-3/5 (S0677)%(.1641) - (.0469)7(.0885)

- .003141 cu. £t.

Mass density: mass = 6.8131 slugs per cu. ft. 7‘
- volume r :
' MASS CALCULATION R .
. Object Volume . x Mass Density' = Mass
Totdl Come - ,.005169 x 6.8131 = M = .0352
Small Cone  .001417 x  6.8131 = @m = .0096
Cylinder - .000611 x 6.8131 , = .m_ = .0042

_Masg of Collar (M-m—mc)A .0214.slugsvg
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— j

' ] [}

o "’" I

.;///// 4 / - [
| R L A L +1042

' ' R , 1042 .0599
. 1 oss9" | H  H-.0521
A i ‘ . ‘ :

. -J-‘°599 CH = .005429 = .1225 ft.

0443

Weight = 1.625 pounds

 Mass =  .0505 slugs

VOLUME;CALCULATION“a,

A cylinder = 2( th,- _rzh)

<

= 20 (.1042)2(.0104) - (.0469)2(.0104)] = .000566
L, .
V cone = 2[3/5 R°H - 3/5.r"h - r"(H~h)] A I Y
= 2(3/5 (.1062)%(.1225)-3/5 (.0599)7(.0704)- (.0469)7(.0521)]
| ’ = .003342
v éyL;nder - ri - rg
| ; cao? 2.
= (.375)(.0599% - .0469%) .- - .001636

Total Volume .005544 cukft;

]
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-

Mass Density = Mass ~ =. .0505 = 9.1089 slugs per cu. ft.
| Volume - 005544 | o
A Mgss Calculation

Objeét  Volume x Mass density

= Mass
Cylinder -~ .000566 x ~ 9.1089 = M ° = .0052
Cone .003342  x 9.1089 = m = .0304
cylinger} .001636  x 9.1089 = o, = 0149
Mass of érip'(M-m-mc)‘ .0505 élugs
I = Cylinder e | Cone S+ Cylinder

1- (1/20R%-ar2)] + [3/10mR%-3/10mr2-1/2ur?) + [l/2mlri—1/2m2r§

=1/2(.0064) (.1042%)-1/2(.0012) (.0469%)+.3(.0456) (.1042%) -
.3(.0087) (.0599%)~.5(.0033) (.0469°)+

'.5(.0385)(.05992)-.5(.0236)(.04692)

= .,0002 slug feet sgyared



SILVER 2 1/2 ,

.2187'
~r.0833' Weight: 2.85 pounds
; | | ¥ :
‘ —L'1146' Mass .0886 slugs
.2682" L
J
2 2 5 2
Io = 1/2MR" - 1/2mcr - %/Zm(rz + T,

- 1/2(.1336)(.2682)% - 1/2(.0129)(.0833)% - 1/2(.0321) (.2187%+.1146%)
= ,0038 slug feet squared

VOLUME CALCULATION -

r2h - d(rg - r2

Volume = th‘- 1)

- (.2682%)(.0617)- (.0833%)(.0417)- (.0208)(.2187°-.T146%)
= .006247 cu.ft. |

Mass density : mass + .0886 .. = 14.1828 slugs per cubic foot .
Volume = .006247 . '

MASS. CALCULATION o S

Volume . Masgs density - - ﬁass

009423 . x  14.1828 - M = 133
000909  x  14.1828 - - o129
.002267 x  14.1828 = @w = .0321

Mass ‘of plate (M-mc-ﬁl : ‘ ‘ 0886 slugs
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GREEN & BLACK 5 !

N S
.0104" \
2531 {]] - | |
T .0573"
[ .0885"' " Weight: 5.1 pounds
.3073" M88§= .1585 slugs
I = 1/2MR2 - 1/2M(r§ + ri) - 1/2mcr2

= 1/2(.2178)(.30732)-1/2(.0517)(.253124.08852) - l/2(.0076)(.05732)

= .0084 élug feet squared

" VOLUME CALCULATION

2

leume = R'™h -2 d(rg—r2 2

1)'— r'h

- (.3073%)(.0521)-2 (.0104)(.25312

-.08852)— (.05732)(.0521)

= .011245 cu. ft.

MASS CALCULATION

Mass density = mass . .1585 = 14.0951 slugs per cubic foot |
volume .011245 P
- Volume X Mass density = Mass
015456  x 14.0951 - M = .2178
.003674  x 14.0951 : - o = ‘,0515
.000537 x 14.Q951 = o, = ;ngg.

‘Mass of plate (M—m—mc) » : . .1585 slugs



L0521" Weight: 5.175 pounds

T
' J;_-6833' . | Mass: - .1609 slugs
.3373"

il
B

2 2 2 2
1 1/2ﬁR - l/ZmCr - l/2m(r2 + rl)
= 1/2(.1914) (.30732)-1/2(.0055) (.05212)~1/2(.0250) (. 23442+.0833%)

= .0082 slug feet squared

VOLUME CALCULATION

‘Volume = 'th - rzh -2 d(r2 l

- (. 3073 )( 0521)— (.0521 )( 0521)- 2 (. 0052)( 2344 + 0833 )

= .01299 cu. ft.

Hass density = mass = ,1609 - = 12,3864 slﬁgé pef cu. ft.
: volume .01299 . .

MASS CALCULATION

Volume - x Mass density = Mass

015456  x . 12.3864 = M = .1914 .
.000444  x 12.3864 = m_ = .0055 -
..odzozz x 12.386;{ . = m = .0250

Mass of Plate (M-mc—m) : ' . «1609 slugs ..
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BLACK 7 1/2

rj:~\.0677'
M .0208"

T .0625"

i e . Weight: 7.7562 pounds

[ .1354"
- Mass: .2411 slugs

2
1

I i‘l/ZMRZ - 1/2mr2 - l/2m(r§ +r
= 1/2(.3285) (.3437%)~1/2(.0109) (.0625%)-1/2(.0765) (.2812%+.1354%)
= .0159 slug feet squared | ”

| /.

VOLUME CALCULATION

Vol&;é = R2h - rzh -2 d(f§~- r%)

= (.34372)(.0677)- (.0625%)(.0677)-2 (.0208)(.2812%.1354%)

- .018442 cu. ft.

" Mass density: mass ' = 2411 @ = L3.6734 slugs per cu. ft.”

volume .018442

MASS CALCULATION

Voluﬁe x Mass density = Mass ‘ &F

.025124  x 13.0734 = M = .3285

.000831  x 13.0734 = m, = .0109 | N
_.005851 x  13.073 = m = .0765.

Mass of PlaCe_(M-mc-m) ‘ "‘  l} .2611‘slugs



\

SILVER 10"
0677

‘F$‘.0312'

. Weight: 10.1 pounds

Mass: .3139 slugs

" !
.

A
I = I/ZMR - 1/2m r2 - 1/2M(r +r )

= 1/2(.4083) (. 4114 )-1/2¢(. 0167)( 0833 )-1/2¢(. 0777)( 31252+ 1667 3

3

= ,0296 slug feet squared

" VOLUME CALCULATION
Volume = R%h - r’h - d(r§ - ri) T
- (a116))(.0677)- (.0833%) (.0677)- (.0312) (.3125%-.1667%) °

= .027673 cu. ft.

Mass density: mass = .3139 % 11.3432 slugs per'cu{fft..

e

volume - .027673

MASS CALCULATION

.Volume x M;ss density = Masgs
.035997 .x~  11.3432 = M - 4083
001476  x  11.3432 - = m_ = .0167
.006848  x 11.3432 d = m = ,0777

" Mass of Plate (H:mc-m) . t ’.3139fslugs
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PERSONAL DATQ ) ‘ -

, Tee

Two bits of informatiod were collected from each subject;
The individuals body weight was taken in pound measure end‘from

this information, the mass of the forearm, hand and arm were
{

calculated u ‘slﬂg"percentage tables published from the research of

N o~

Dempster (Duggar:1962). The measurement was taken with the

Andividual in his ot her street clothes but without the shoes.

The second bit of information taken was the length of the

| i :v . 5

arm measufed in feet. This measurement actually consisted of the

i EihaY

.addition'of two measurements, namely, the length of the foree;h“

(from the leteralfepicondyle of the ‘humerus to the styloid process i
“of the radius) and the length of the clenched hand (from the styleid |
‘process ot the radius to the carpal/metacarpal- joint of the.clenched
fist); The hand had to be clenched because that was the position
| fi approximated when wrapped around the handle of a‘dumbell
) Knoving_the length of the forearm and hand, the lpcation
of the centroid or centre‘of mass of eech limbisegment from the axis
of rotation (the elbow joint) was computed using percentage tab’*v

L 4

published from the research of Dempster (Duggar 1962). The ass.., .ion

<
T

had to be’ made, however, that the location of the centre of mass of
the clenched fist was the same as Qhenvthe hand was in the anatomical-

position. = ‘ . ' L

48



Momenes of force about the elbow joint wefe calculaeed
where the oniy two forees acting about the joint were the reeult
of the masses of the hand and forearm under the influence of
grav{ty. Dividing the result by the ;otal mass of the arm, the
Vlocation of the centre of mass of the arm as a whole
was computed. This calculation has been shown for each subject.
The computation of the systemsg (forearm anq'hand) centre ef mass
was necessary because the two limbs were considered to be one inass

in the experimental treatments.:

»  The moment of inertia of the arm“(I‘) was required as

o

well as the radius of gyration because, as explained in the body
of‘the report the resistance was'moved from its normal centre of -
mass location to a parallel position through a point called the
 centre of percussion@' The radius of gyration (k) about this same
point was also necessafy in order.to compute Ia
!

.The relationship between the moment of inertie of a .body

and its radius of gyration was found to be; . - ‘ s
| — v . ]
-/ 1 W

The arm was considered to be a long slen%er rod whose moment of

‘inertia about .the centroid was given by the expressieﬁ{
. ) ‘ )
] £ . '
It 1 | (2)

Substituting 1 into equation (1), the following centroidal relation=-.

ship was derived;

' | . k=/2
. 0. 7

49



N

The'raqius of gyration k associated with the centre of percussion
was calculated from the q*pression;

k= /i 4 e
The moment of inertia of the arm assoclated with the centre of
_percussion was found using the‘following expression;

I =m k-2 g
a a

5(
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%‘ -
. PERSONAL DATA
~Subject 1
BODY WEIGHT T ' 105.0000 pounds
MASS - Body 100.00% . 3.2639 slugs
: : Forearm 1.57% v - ‘ .0512 '
Hand 0.66% ‘ . .0215
Arm : 2.23% - s .0728
LENGTH Forearm ' L7917 ft.
' . Hand (clenched) . +2917
Arm (%) - 1.0834
. N B -
CENTROID  Forearm (r.) 43.00% of Ilength i 3404 ft.
. Hand '(rh) 51.00% of length plus forearm .9405
Arm ,.(ta) ‘by summing moments . - - ) 5172

S

IM = Mr = mfrf +,mhrh

r = .0512(.3404) + .0215(.9405)
' L0728 - )

r = .5172 feet

. = /1.0834° = J3127 ft.
L 12 - |

RADIUS OF GYRATION ko

2

k= ko °+ r
- './.—31277-2 + .5172% ' .6044 ft.
MOMENT OF INERTIA OF ARM -~ - | B
- - 2 . . | 2 )
I, = m k" " = .0728(.60447)

= ,0266 slug feet squared '
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| » ~
A ‘
_ - PERSONAL DATA
o . Subject 2
BODY WEIGHT _ o ~© 120.5000 1bs.
MASS Body 100.00% . 3.7457 slugs
Forearm o112 Y .0588
Hand i 0.662 : .0247
Arm : ©2.23% ‘ .0835
. LENGTH Forearm ° * ' .7917.ft.
Hand (clenched) - ' LN »2917-.
Arm Q) v ‘ 1.0834
CENTROID Forearm (rf?‘ 43.00% of length .3404 ft{
) Hand (rh) 51.00% of length plus forearm .9405
Arm (ra) by summing moment’s .5179
leov- Mara = By + ?hrh /
r = .0588 (.3404) + .0247(.9405)
8 .0835
r. = .5179 feet ‘
8 .
RADIUS OF GYRATION k_ = /g8 - 1.0834% = 3128 fr.
o 0 v 5 4
2. .2
E = 4”ko + r.

S o /28?4 s179° - L6050 fr.

MOMENT OF INERTIA OF ARM | N .

V1 = mk? = .0835(.6050%)
a a : , |

. = .0306 slug feet squared



/
PERSONAL DATA

~Subject 3

n

MOMENT OF INERTIA OF ARM
| I.= mk® = .0804(.6559%)
a

'BODY WEIGHT 116.0000 pounds
MASS Body 100.00%2 ) _ " 3.6058 slugs
. Forearm 1.57% ’ : .0566
Hand ' 0.662 | .0238
Arm 2.23% i .0804
LENGTH Forearm .8333 f¢t.
" .Hand(clenched) .3750
Arm (L) 1.2083
CENTROID ~ Forearm (r,) 43.00% of length .3583 ft.
D - Hand (rh)¢%51.002'of length plus forearm  1.0245
| Arm (r ) by summing moments - .5555
* ‘L@ a .
. . N ST Ia
zuo = Mhra -'*mfrfj+.mhtﬁ
F = .0566(.3583) + .0238(1.0245)
8 o .0804 - :
o | r = .5555 feet .
. ) ) a . ) .
. RADIUS OF GYRATION . k = /% - /1.2083° - .3488 ft.
) . _o ‘l? 12 A
v § :
k = kﬁ + r2
e /388" + 55552 = .6559 ft.

- .0346 slug feet squared



BODY WEIGHT

MASS

* LENGTH

CENTROID

54

PERSONAL DATA

~Subject 4
! . .
157.0000 pounds
Body 100.00% . 4.8803 slugs
Forearm 1.57% : , . .0766
‘Hand 0.66% | , 0322
Arm 2.232 .1088
Forearm ) 8021 ft.
Hand (clenched) .3333
Arm (1) ' 1.1354
Forearm (r.) 43.002 of length ' -3449 fr.
Hand (r,). 51.00% of length plus forearm .  -9721
Arm (ra) by summing moments .5305
| EMO - MaEa = mer. + ?hrh CooA

r = .0766(.3449) + .0322(.9721)
a , .1088 :

r = -5305 feet

PN

RADIUS OF GYRATION kb = L - /1.1354" = .3278 ft.
, . = -T2 ‘
' 12 : ‘

MOMENT OF INERTIA OF ARM

- J/.3278% + .5305° .6236 ft.

I = mk? = .1088(.6236%)
a a ' . o '
= ,0423 slug feet squared v



PERSONAL DATA

~Subject 5
~ BODY WEIGHT
MASS Body 100.00%
~ Forearm 1.57%
/ Hand 0.66%
Arm 2.23% |
LENGTH ;.Forearm
: Hand (clenched)
Arm (%)
CENTROID Forearm (rf) 43.00% of length \
Hand : (rh) 51.00Z of length plus forearm
- Arm (ra) by summing moments '
- zMo‘- Mara = Wty f ?hrh
r = .0781(.3497) + .0328(1.0044)
s .1109
r = .5433 feet
‘ .

RADIUS OF GYRATION ig

L3

]

" MOMENT OF INERTIA OF ARM

o

j/{343677+ .5433° =

: /
mk? 5 = .1109(.6425%)

- 1.1882°
. 12 -

160.

1

55

0000 pounds

.9736 slugs

.0781
.0328
.1109 -

.8132 ft.
.3750
.1882

L3497 ft.
.0044
.5433

,3430 ft.

.6425 ft.

= 0458 slug feet squared

E~3



PERSONAL DATA

. ~'Subject 6
BODY WEIGHT
MASS Body 100.00%
L - Forearm - 1.57%
Hand - 0.66%
Arm 2.23%
- LENGTH Forearm
: ' Hand (clenched)
Arm (%)

CENTROID ~ Forearm (r.) 43.00% of 1
Hand . (r,) 51:00% of 1
qu .(ra) by summing

~?M = Mar = mfrf + mhrh

"~ 56

145.0000 pounds

4.5073 slugs
.0708
.0297
.1005

| .8542 ft.
13333
1;1875‘

ength ' .3673 fr.
engéh plus forearm 1.0242
moments ’ .5614

r = :0708(.3673
a P
Y
r = .561l4 feet
a. , ¢
RADIUS OF GYRATION k = L
‘ ' 12
2 2
k = ko +r

) + .0297(1.0242)
.1005 . .

- 1.18757 = .3428 ft.

'/{34282'+ ]

MOMENT. OF INERTIA OF ARM
I = mk
a a

5614° = | .6578 ft.

- .1005(.65782)

= ,0435 slug feet squared






RESISTANCE DATA

Subject 1

(contractions at § = 80°)

[}

Concentric Dumbell Weight

Bar; grip; two collars . 6.500
One green 5 5.125
# One silver 2 1/2 ' 2.850
" Total 9 o 2 14.475
plus: mk” (.4499 x .95547)
Ir . S
!
Isometric Dumbell
Bar; grip; two collars 6.500
One green 5 ' 5.125
" Two silver 2 1/2 5.700
‘Total  § 17.325
Eccentric Dumbell -
Bar; grip; two collars 6.500
One green 5. o 5.125
One gold 5 L 5.175
_Two black 5 - 10.200
Two silver 2 1/2 - 5.700
~ Total 32.700

plus: mkZ.(1.0165x.96192)
I, ' o

Mass

L4499

- .5385

1.0165

58

4234 slug ft2

.0005
.0084

.0168

.0076

.0415

. .9405
.9820 slug fe2



' RESISTANCE DATA

: Subject 1 -
(contractions at g = 1109)
Concent?ic Dumbell Weight » Mass I, ,
Bar; grip; two collars B} 6.500 .0005
Two gold 5 : 10.350 - . * .0164
Total 16.850 .5238 .0169
plus: me‘(.5238x.94102) ; - .4638 -
I o o © 4807 slug ft2

Iséﬁetric Dumbell

Bar; grip; two collars =~ 6.500 . ok
,One green 5 : . .5.125 : .
Three gold 5 : 15.525

', Two collars - : 1.375
Total - , 28.525 .8867

0
Eccentric Dumbell ) ) oo ) '

Bar; grip;” two collars 6.500 : .0005
,Two black 7 1/2 15.512 ' .0312
Two black 5 10.200 : - .0168
One silver 2'1/2 2.850 ~ .0038
Total : . 35,062 1.0899 .0523
plus: mk2 (1.0899x.96572) o 1.0525
1. : . 5 1.1048 slug fc2

I

~ . .7 ."; 3
T RPN
«.Q‘.,\.«#%,
R

Pad



RESiSTANCE 'DATA

1

Subjeqt 2

(contractions at 8- = 80°)

Concentric Dumbell . Weight -
| Bar; grip; two collars 6.500
One- silver 2 1/2 2.850
Two collars 1.375
Total LT 10.725
plus: mk2 (.3334x.94762)
. Ir ‘ , 2 . . Y .
Isohétfic Dumbell K
i Bar; grip; two collars 6;590-
#, Two silver 2 1/2 5,700
N W “Une collar ' .687
'./)% Total . ' 12.887
Eccenoric Dumbell
: ~ Bar; grip, two collars ° ; 6.500
: . Two black 5 ., o  10.200
e Total . . __ 16.700
Ut plue: : mk? (.5191x.95812) = -
. Ir . :
7
) | >~
”l e

Mass

.333

.519

-« .

e

4

1

A

Iy

.0005
.0038
.0002 -
L0045

2994
3039 alug fe2

..0005 .

.0168

.0173.

L4764 .
4937 slug ft2



‘ 61
N '
' [
A RESIGSANCE DATA / ‘ /
= Sdgject 2
. (contractions at & = 110°)
: ‘ ‘ 3
| o . ;
Concentric Dumbell ' - Weight.  Mass I, -
. o, | ’ . ' o
Bar; grip; two collars 6.500 . ..0005 .
- ~Two gold 5 . . 10.350 L0164
Total = ' "~ 16.850 . .5238 °,0169
plus: mk? .5238x. 95752) oG . .4802
> Ir ’ , o . ' . 4971 slug fe2
g S ,
. : \ o =
Isometric Dumbell
B ‘ o
s Baf,.grip,”two collars 6.500
A Two gold 5. 00350
. Ohe silver 2 1/2 . 2.850 - ‘
One collar .° “687'bh o .
Total - ’ . 20.387 - .6337 ‘z) .
X '
. Eccentric Dumbell = _ o g *
) Bar; grip; two_.collars: o 6.500_ . .0005
o Two black 7-}/2 - 15.512 = .0312 o
3 Two silver 271/2 . 5400 - .0076 -
Total T e 0393 -
: »plus- mk2 (.8614x. 96&42) e ‘ .8012 -
¢ I, - : 8405 slug ft:z
. : - ® M
ol DT a e
?r e
‘ , o | . /.Mﬁ’
; ‘.;’l,‘ N ;JJ -
" - - 4. o
i ' & %
K 5 i A
L
} 2 ‘ s ' * . :

i



-y

=3

P

“RESISTANCE DATA
Subject '3
“.{contractions at § = 80°)
~Concentric Iim'rﬁ:ell 5_" T, Weight M‘ASS\
Ban, Qrip, mo qollars 6. SOQl
Bt gtﬂ% 577 . 10. 350;*‘
. - Total BT » 16.850 .5238
s ,;@kus’: 2 (.5238x1.04012) - ’
-~ W o - v PR g - . ‘
. B L.v:i‘.,. t)f" . .
‘r :“"7';;- Bar; grip; two colla}rsoi "Vg_.611'500
PR Two gold 5/ ° . .10.350 ‘
Two" silver 2 1/2 _5.700 | :
Total- : 22,550 ° -.7010
“t ,/ .
f M o
Eccentric Dumbell . . " v‘,ff
Bar; ~g‘_l:;ip; two collars ;f/ 6.500
.« Two gold ° /10.350
Two black . | 10.200
v - One silver 2 1/2 - _2.850
©* . Total : ' ©129.900 . -.9294
. plus: mk2 (. 9294xl 04402) ‘ N
It , . -
. / .
/“ »‘ B -
:‘o ’ /"5%; "{-.‘A . e
I , 8 o A
M 1 .
oo
.}* . }j
% L :
- . {’;‘; ) I\.; * "
® ' . '
e 'O -‘
¢
)
o L P .

62

1o

.0005
.0164

0169

-.5666
.5835.slug ft2

.000%
.0164
0168 :
:0038

L0375
1.0130

1.0505 slug ft?
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/
RESISTANCE DATA o
| &,
Subjecs 3 o : .
- : (contract‘ons.at § =110) . , 7
. ‘."3‘, 't "
Concentric Dumbell Weight =~ Mass Io Q}gm
| R e /)
Bar; grip; two collars 6.500 . g .0005
Two gold 5 o . 10.350 .0164
~Two silver 2 1/2 ©5.700 .0076 L
Total 22.550  .7010 0245 : L
plus: mk2 (.7010x1.04142) .7602 o g
P ‘ 7847 slug fe2 0 T M
Isometric Dumbell o * R :
. , y “F
Bar; grip; two collars 6.500 ‘ ‘ S i :
- Threﬁold S 15.525 o \ (
One gheen 5 © 5.125 ,
One silver 2 1/2, 2.850 . ) ' 9
- Total ~30.000 .9325 o e, :
Eccentric Dumbell ‘
Bar; grip; two collars . 6.59&% © 1 .0005
Two black 7 1/2 . -~ 15.5T®°  .© 0312
© Two gold 5 . 10.350 SRR U
. - One .green 5 : 5.125 S w.00gs .
’ Total . ) 37.487 151653 0565
- plus: wk? (1.1653x1.04792) * S 11,2796
TS S - f 1.3361 slug ft2-
,5'{ » “
]



RESISTANCE DATA

/,

/

-

Concentric Dumbell

. Igometric

Bar; grip; two collars
Two black 7 1/2

Two silver 2 1/2

Two collars

Total S
plust mk2 (.9042x.99432)
I, - ¥

Dumbell

Bar; grip; two collars
Two black 7 1/2
One green 5 '
One gold 5

Two silver 2 1/2
Two collars
Total

Eccentrf%‘Dumbell

Bar;vgrip; two collars
Four black 7 ¥7/2
One gold S

One’ silver 2 1/2

One collar. Rt

Total : )
plus: mkZ (1.4372x.99712)
Ir

_//} o

. Subject 4
(contractions at § = 809)

Weight

6.500
15,512
500

1.375

29.087

6.500
15.512
5.125

T 5,175

5:700

1.375

39.387

6.500
31,024
5.175

2.850

T .687
46.236

144372

Méss x/ Io

.0005
.0624
.0082
.0038
.0001
.0750
1.4289
1.5039 slug ft2

64



RESISTANCE DATA

Subject 4

(contractions at § =-110°)

Concentric Dumbell ' - Weight
Bar; grip; two collars - ‘6.300‘
Two black 7 1/2 ' .~ 15.512
Two gold 5 . | - 10.350
\ © Total | f@%@” iy 32362
3 _plus: mk2 (1.0060x"9%552) - ‘
I . .
- ?

Isometric Dumbell N

‘Baf; grip; tﬁo'coliars 6.590
Four black 7 1/2 31.024
. One silver 2 1/2 : 2.850
Total . 40.374
' T ¥
Ecceé?ric Dumbell : .
~
" Bar; grip; two collars 6.500
Four black 7 1/2 31.024
Two gold 5° ; 10.350 ~
Two silver 2 1/2. 5.700.
Total ‘ : 53,574
o plus: mk? (1.6653x.99772)
e 1 o . . )
o r
- : K .I )
3
k_g-, S B
':..v ~",a . * .
T 4‘. {?;‘-:. ,Ja '»'1 ‘
- Y‘* b
w SRR L~ S
- z“‘i N - q B " fa e o R -
B - jf ° -« 3 -
' N
P PR= 20
" 3!

Mass . Io

.0005
.0312
, .0164
1.0060 .0481
.9970
1.0451 slug £

1.2550

-.0005
.0624 -
.0164
. .0076
1.6653 L0869
’ 1.6576
1.7445 slug £

€

tzl

.
L

L2



Concentric Dumbell

!

Isometric

Eccentric

RESISTANCE DATA by,
- Subject 5
(contractions at 8 = 80°)
Weight Mass Io
‘Bar; grip;vtwo.collars 6.500 .0005
Twq black 7.1/2 15.512 ..0312
One green 5 ) 5.125" . .0084
. Total o : 27.137 ~.8435 . .0401
plus: mk? (.8435x1.02782) . .8910 _
I, : : ' .9311 slug ft?
Dumbell . R .
Baf; grip; ﬁwo collars
Two black 7 1/2
Onie green 5 !
One gold 5
Total
Dumbell . -ﬂﬂﬁ
Bar; grip; two collars . 6.500 T .0005" 7 .
Two black, 7 1/2 15.512 .0312
" Two silver 10 : 20.200 - ...0592
. One gold 5 ‘ - 5.175 N .0082
“Qne green 5 ., 5.125 - ~.0084
Total - , ~52.572 1.6323. 71075
plus: mk? (1.6323x1.03672) 1.7543
I | oo 1.8618 slug ft? =
]
; .3.

66



RESISTANCE DATA »

Subject 5
.(contractions.at g = 110°) L
. -2
Concentric Dumbell _ , Weight Mass I,
 .’Bar; grip; two collars ~+6.500 .0005
{ Two black 7 1/2 " 15.512 ©.0312
One gold 5 - L 5.175 ' .0082
Total . 27.187 .8451 .0399 M
plus: mk” (.8451x1.02762) . - - 7.8924

1. 19323 slug ft2

& ‘
“  Iscmetric Dumbell

*

B Bar; grip; two collars °  6.500
S Two black 7 1/2 ., - * . "15.512

v Two gold 5 Lad.t - ¢ 10.350 =
~ One green -5 &%~ © 125
~ One black 5 - 5.100
One silver 2 1/2 2.850
Total - " 45.437  1.4124 '
¢ .
Eccentric Dumbell"
Bar; grip; two collars '6.500 .0005
Twp black 7 1/2 ' 15.512 Lo 0 0312
Two silver 10 ‘ 20.200 L0592
_ One green 5 _ . 5.125 , .0084
One gold 5 .= " 5.175 .0082
. Total _; 52.512  1.6323 1075 .
g © plus: mk? (1.6323x1.03672) - ‘ ©1.7395
- CIp _ , 1.8618 slug ft?
S o Py
i - . ' ] 1?’
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 RESISTANCE DATA ;
Subject 6
(coutractions at 6 = 80°)
. . ,‘
P Concentric Dumbell _ Weight - Mass v Is
'\Bar;.&sip;'two collars _  6.500 g .0005
Two black 7 1/2 15.512 A .0312
Two blagk 5 10.200 .0168
.. Total S 32,212 1.0013 .0485
plus: mk? (1.0013x1.04762) . 1.0989 :
I, ' | . 1.1474 slug-ft2 -,

e K ' | . : <:>

-

Isomet:ic Dumbell

Bar; grip; two collars - 6.500
Two black 7 1/2 15.512
Two black 5 . 10.200
Two silver 2 1/2 5.700"

Total o " 37.912 1.1785

Eécentric Dumbell

: : - W)
Bar; grip; two collars 6.500. , m}j;boos -
. Four black 7 1/2 . 31.024 . 7 .0624
Two black 5 ‘ 10.200 : . .0168
Two silver 2 1/2 : 5.700 ©,0076
 Total . 53.424 1.6607 0873
_ plus: mk? (1.5607x1.04952) 4 ©1.8292
g | ' 1.9165 slug ft2

FASINA
W

e . - - .
< . . - . !

LN



RESISTANCE DATA

Subject 6

(contractions at § = 110°)

Concentric Dumbell

Bar; grip; two collars
Two black 7 1/2
One green 5
One black 5
Total
plus: mk2 (1.0021x1.04572)
| )
' i
Isometric Dumbell

*Bar; grip; two collars
Four black 7 1/2

One silver 2 1/2
Total ' ?

Eccentric Dumbell

Bar; grip; two collars
Four black 7 1/2
~<1Two black 5
.. . Two silver 2 1/2
~Y Total .
plus: mk? (1.6607x1.04952)

I,

é:;

Weight

1 6.500
15.512
5.125

5.100 -

32.237

6.500
31.024
2.850
40.374

6.500
31.024
10.200
_5.700
58.024

Mass

1.0021

1.2550

1.6607

IO
.0005
.0312
.0084
. .0084
. 0485
1.0958 _
1.1443 slug ft2

. 0005
.0624
.0168
.0076 2
L0873 . "
1.829%
- 1.9165 slug ft2

I
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ANGULAR.ACCELERATION DETERMINATION )

Two resiatances were movedbthrough twoAangles of flexion.'
A Vangard film analyzer containing an X and Y axis was used to
record Y co-ordinates every five frames as the resistance moved
through‘an angle under review. Seven measurements were taken and
by computing the_differences between them;fthe distance (Y)
traversed bv the centre of the resistance was computed. Since
each frame equalled a time span of point one (.01) seconds, the

\ .
; velocity (v ) of the centre along the Y axis could be calculated.

In order to minimize errors in measuredkent. Y wds converteg
moving %ﬂfrage (Y) of three successive points and it was ORig
distance which was used to compute vy

\

Acceleration (a ) along the Y co-ordinane was computed by

‘dividing the change of time into the change of velocity over a ten
. )
(x0) frame period. . The acceleraiion tangent to the arm (at) was
A
tcalculated by dividing a by angle which the forearm made with the

-,

angle of reference.



w4

CONCENTRIC DUMBELL '

Angular acceleration:

ECCENTRIC DUMBELL

Y

1959
2013
2074
2143
2219

2293

2361

Y

2653
2553

- 2395
2180

Angular acceleration:

1905
1552

72

ANGULAR ACCELERATION DETERMINATTION
(contractions at § = 80°)

AY

54-

61
69
76
74

AY

100

158
215
275
353

Subject 1
aY
4 by ‘
L a-
! " y
61 1220
69 1380
76 - 1520
a
_at
G-—-
r
Ay v
y‘
a =
, ‘ y
158 3160
216 . 4320
281 5620
..-
Lo
oa
Q.—-
x

%

< Av

&3

y =1520 - 1220
At .10 ‘o

= 3000 units = 1.290 ft/sec?

. a - 2
- > = 1,290 = 1.310 ft/sec
£ Sin§ sinf00 )

1.393 rad/sec2

v w5640 - 3160

At .10

= 24,800 units = 10.664 ft/sec?”

8, =10.664

8iné  sin 80°

11.51 rad/sec2

=10.828 ft/sec? .



»

. (} :

o . L
'[_ECCENTRIC DUMBELL

e

I fod

: ANGULAR'ACCELERATION,DETERMINATION
(contractions at 3 = 110°)

Subject l'A‘
CONPENTRIC'DUMBELL
Y AY aY v
y
2370 ' a =
2373 103 y
- 2506 133 128 2560 .
- 2653 147 147 2940
2805 162 162 - 3240
2963  158. C , a =
3118 » » 4t
. ac
Angular acceleration: a= ==
"y aY &Y v
-y _
2987 ’ a =
2884 103 ‘x  - A
2768 - 116 114 .~ 2280
2646 122 126 /2520
2507 139 Eﬁl 2820
2346 161 7
2171 el B a =
4
/'//
-/ ) a
'Angulér acceleration: = —t'=
. /// ) r
8

“Av
X

Av
At

a =
.
sind

At

. 2820 - 2280 -

a1
@( 4
« e
’ -

y = 3240 - 2560

—.10 .
| 2
- 6800 units = Zylc/sec/

'2.924
sin73°

3.116 ft/sec2

Py

~

3.313 rad/sec2

\

.10

= 5400 units =.2.322 ft/,sec2

i

L - §i32§o° - 2.471 ft/sec?
o« . u -

2.627 tad;’sec2



2013

)

‘ Angular accéleration:

EC
Y AY Ay
2 2435 |
2341 94
o 2219 122 . 119
NG 2078 - 141% 143
' 1912 166 163,
1730 182
, 1578

'

‘Angular acceleration: a =

y S S
{ )
ANGULAR &CCELERATION DETERYINATION )
: (contractions at 5 = 80°) : )
. Subject 2
f 1) .
! CONCENTRIC DUMBELL ¢
{ ‘ .
1 : . —
' Y AY ,.AY v : < ’
8 | y . . .
Av N o in ‘
1319 a =Yy = 2260 - 2680
1447 123 : Y iE 10
1§go 143 - 134 2680 ‘ ' U Col
1720 136 128 2560 = 4200 unite = -1.806 ft/sec?
1880 112 113 2260 S \ '
1930 109 ' : a_ = %% =_1.806 = -1.834 ft/sec?

ainé

—"’

;1n‘8o° . R

8': - -
@ == -1.950 rad)iec%“,"”

,
- N
tvy | ‘_E‘, |
| . - &V, w3260 - 2380
2380 YA . 10 | T
2860 T & 2
3260 -4{.§ﬁﬁq04gn;§§ = 3,784 E/sec
[ S . s "‘ L3 ", .
Ca A ek i £e)
AT Stagoe - 3-842 fr/sec?.
¥ ~‘"* | & =
NC T C R
~— = 4.085 rad/sec i :
r . - L. . .
) - T
W» : ’Q\ o .
| | “ ﬁ
N Q ' - :



ﬂ . _— ‘ E ' . . x

. o ANGULAR AGCELERATTQY DETERMINATTION {41
‘ - . (contractions at v = 1109

o " - N \

v - N ' ' ' -

Jﬁ>Subject 2

re

J," w .
;

S CONCENTRIC DUMBELL S . TR
S I

. Y ey | o .

. s ’ y ' ’ ’ . , 0

= 1420 - 1140

,".y .,

2768 o ‘ a

¢ 13
Y R g
.-Q ‘. " - «'.(. . . - . . 5
ot .
- : o T . . 4
. . . ' vs . .
> . : R ' : .
l‘[_‘ . - " . ) v\ - . i, ‘j
L . , &y N Lo S
e v 'ﬁ . R . i . M . e’ .
s ° . T o . o G | .
. -./ ECCENTRIC’ DUMBELL @ o e . P L
o S v : k. . E
: ; N _ . e .
\ LY , 3 ‘ - R
- ! AY . '_t‘- L yrE ) L. .
a L
o Av

12823 .
7 2880

S 29400 -
©,- 3010
. 3092
» 3167

- ' JApgu{a} acceletafionf;

3553

. 3474,
S+ 3351 -
- "~ 3185
- 2956
2652
2266

- -:‘1AnguIar-accéletathn:

55
57
60

70

82

79

123 ..

166

229 -

. 304

’

57
62
71

1140, .
1240

At T

= 2800 uh& 1

128 260 ¢

1420
i y

= 1,204

,“h -
J

8inb

ke

. Ty e
.

a -‘;5 = }.380 rad " -c¢’

i+ sin700

- "'2 .

= 4660

$36-
iy :3 IW' - 2
.ZOQ.ft/sec

= 1.281

= 2460°

173 73460
233, 4660 /.

LA ® .y

*®

10* .. .

; L 22600‘pux§‘-"9¢&6_fF/sec?

“ 79.46

t

‘vl

-
. :
a
—

Taow
.

¥ . 8in8 .  sin70°

1.

t . 10;70£'rad7éec2

= 10.067 ft/sec

o

5 , y
-, , . / .
. ' N
PR e .
" \ ! s
\ ,
) R ;
oY o
. ::
. Fe)
X o N "’ y Lo ‘
. . .
&T‘ ) . . e ~ “ v
- i\" \‘ L @ Y

2 .

.
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@ 7 1918 165 159 - 3180

- A -
. » ’ 7 \._""‘{ ] "t »

} 4 '@.. S s16
) .
e » '
. ‘.I:“ : #L. ~
. \

. ANGULAR ACCELERATION DETERMINATION A N
i , (cont®actions at 3 = 80°) . o // s
. {4 , . , ..“ ) .
Subject 3 . ’ S
: Lo ) . v

de - o -
corgc%u'rklc n@BELL RS A - -

§ - ' | C I
% S “,‘ N 199 : ) o a_ = z = 1980 - 140 . . !
2062 P67 U/ ~ .10 .

SV 153 91

vy eeglé0 7 0 ., =18, ooo nits = 7.912 ft/sec?’ e
. ;%9 99 1980 -, : :

66\’ 107 ‘3“ -2-79 . ‘
24.74,\ ) L . '.t ‘sin® s;n 80° =8; 034 ft:/sec

\N

L

e}
-

. .. Angulat a'ccelei‘,g;:tioh:‘
: ST

‘ . L & > b
g o '
. . v |
'/ -e, d ‘-.
. . R - .@B_ [c 0! -
»~#BCCENTRIC DUMBELL | - . , o
R - ;"?fi PHR e
S & ‘AY Y} { . IR S

._ w "’i." - Z‘ ‘- 3980 - 31§ o
;0 '1804% 1% 181% 73620 . = sooo unifs = 3. 450 ft/sec BEEEC
. 1598 206. 199 . 3980 S R _ : IR
©1380° 218 ¢ ~ R

S

. : 8
113 . . a = z - 3. loloO =3, 493 ft/sec ‘ .
.Jv . o] G . R ) ) ) - . > : .1ne mnw ‘ . » . v Y

. P . . . \.' oo -’ o
yoo . - :
: 13 . " . i ' X N at 3 ‘ ) . . . - - » - .)
. . Angular acceleration: ' a - " 3.409 racl/s.ef.:2 .
_ . « . - > . ' \ . . e
) N . - 7 . R . L W P . - .
P "’5: ° » . N L . il W ’ . =
> - . \\"
- \ :.' .
P B . s ‘ ¥ .
; ' )*‘ R b . \
o ) & #* !
v 2N N -



- -
: .
7
L.:& 9
’ ‘;.,.,:
[l
" * .
,’::’ ) ‘q
N b S:"‘.
-‘w’%-‘
v ¢ Ty '
L)
~ h N

3579 g

3627t
3213 . 71

3295 % 82 ~ @5
3366 71

3423 ;57
3501, {8

i

4 7

¢

BTN

A R

".. & ﬁﬁ

£

B
2
g
5
g
5
E

Ty T e

3161 - 58

Y AY

.5334#.';

3108, 53 7
3055 .-

-

69

- Angular accqieration

.-
',
-
e
N .
R S
-
ot
, o
e <’
—

| Angular acceietAtiqé?

Subject 3 ”¥‘ : .

1500,
70 W 14007 o

GULAR 'ACCELERATION D"TE!{M ATTON
(contr‘actions at g = ;[m )

%

.L.77

1389 “vv

a

a

\ .,'7 o
/‘ .
- f:%}‘_, Lo
o =%y 1340 - 1508 .
X .10 .
) - 1200 unitsi- —.5.1.6 ft/sec2 :; .
8, = oy =-.516 = .549 fi/sec?
o gine sin709 ‘ : *

.l

-
R 3
>

v

At"

: a_
a = _"y =

g =8V 1080 - 840

.10

= 2400 units = 1.032 féﬁséc .

q

¥
1. 032

sind

sin 70

a R -v . . :
--;5-- 1.072 rad/éec2

o

\}; 098 ft/sec

4
.
)‘

L 3
\
B :}

i

o
i
~ ’
A
-~



CONCENTRIC DUMBELL

.. 142
o . 14207

, 1613

1791,

:.’ ) ’ &,
111949
. 2084

AN

ANGULAR ACCELERATION DETERMINATLON

‘ . .

193
178

158
135°

2200

- AY

208

Subject 4

gt

193
176

157 3140

3860
3520

(contractions at g = 809 ",é?
) oy '
4 R A
a_ =&y = 3140 - 3860 N
¥T e .10 ,
- -7200 units‘- -3. 096'ft/sec2
a - .y =-3.096 = -3 144 ft/sec
siné sih80°
R . RV
Cw . e ! . ';‘.':" .

. Angular accelerationy,

¥ :§i
L] \‘ rj(
: Lo nccnnwaxc nUMBELL |
l f’ AY‘ Y3 vs
: a'r[y~. 1956 '; § |
’ T '1818 -138 ,
1665 153 150 ° 3000
1506. 159 158 3160
1343 163 165 3300
o, v 1169 174 «
. 990 ,
y ’ 3 : ‘
-~ N
Y * ) v -
s '. ”gulfar acceletation
N e T

. / - 4 $ o
N . _
-
C. N
LA . t -

a -\l—t Q —3
r -

0

a

.234.§ad/se92 R .

: fﬁ;

- ‘.*. ) . . . .
Ay e
. r EEE

-ty . e y
R P L .
. " . wl el . B
- s Ay ® . .
. I
. 3 -
(W] ¥ U i
oo T e
4 « .4 %
] h
t e .
S u.‘y

1‘&,3’ A ':' .

a_ =y =3300 - 3000

SRR Y .10 - . L
- . [ . 4.‘?;."

= 3000 units = 1.290 ft/sec?

. S 2
a, Z 290 -='1.310 ft/sec
' ainod siﬁ80° )
) . ‘ . . ‘ ) . 4' )
- ;_-E.- 1.348 ‘}'ad/secz' | - v
. B
{ . - A ._."'_ . ; 1
& LT s
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ANGULAR ACCELERATION DETERMINATION
(contract:ions at 6 = 110°)

" Subject 4

CONCENTRIC DUMBELL ' - ‘ e
}' AY AY v

' e Av '
2715 . . a_w= 'y =1200 - 1680
2814 99 R A Y ~.10
. 2900 - 86 84 4680 L ‘
... :¥. 2967 67 68 1360 ' = -4800.units = -2.064 ft/sec?
o ‘@ 3018 51 60 1200 Y . W
£ 3079 61 . : o a, =y a2 064 = -2.196 ft/sec
A STV R .. % Sing. sin70° ST

9 .. IR

Angular acceleration: am—== - 2.259 rad/sec? : R

.
. N .~
. . N -
(37 . 'y . . C

f ‘ w——..'.

0; L ie dﬁ' ﬁ *’*" : . ,:;, o

.‘ ) “‘ : " I"y N i“'.b‘ v . ’ .« . !‘. » : |
> 1 , - ‘ L oy, . -‘ . ‘ 5 ) \" . . . J— o
. . .A *r. . j A . & {% o ° - ) ."" o s
o ECCENTRIC DUMBELL o T : '
. . U | ' S N .;f/a ¢ , ‘
’ 'Y | AY AY Vo c e e ] Y
. ) A . . : y_,\ . . : h ;';-,.J.“ .
? 13521 ’ ‘ : N _Av - ‘-
- L o a_ = 5100 < 3600
v 3381 140 = , (D b S T .10 ., )

; 3198, 183 180 3600 ~ . = ° s
o s 2§§g~ 218 214 4280 - = 15000|units = 6;450 £ /sec N
B 2738 242 255 5100 5 _
2433 . 305 . . R “a
2106 - a = _y
. A . ? < sind/
Angular acceleration; o= = = 7 061 ad/ sec2 , E , ‘

4

- 6.450 = 6- 864 ft:/sec
sin70° ‘

L adi .. R .
,,)"..,' ’ o SR i ‘ v
\k') v & L oL . -
v“?d ST SR T, P
’Y‘ e i
Y SRS AR R



"',;r

"[’;“

N
A"

. ANGULAR ACCELERATION DETERMINATION
(contractions at ¢ = 80°)

i "CONCENTRIC DUMBELL

1

Y

843
1065
1296
1538

1789

2073
- 2340

Y. iiF?f

222
231
242,
251

284

232
241

. 295

'gbcsurnggrnuungpn‘*}

Y

2242
2113
1971
1824

1659
1484
11300

AY”

129

1427

147

165
175

139

T151

162

vagg'

e : o
- Angular acceleration:

Shbjeqt 5 f,

© 4640

4820
5180

J g
2 . ¥ B
vai LB
S ) i ' B
: & . a AR ao RO .
e t o 4 . P ’ . R u
» B - -r— - 213&.3{ :gd/secz - . N
B ﬂ' o F
. ,.' l.‘ t"? ': <
. a: .
. Lo o ~
Ce T Ty N . &
. a7 ‘ > «-X‘ N ) . \
: spgg, #; - o N
SR P

4633
5033
5400

‘ » .
QA= _!1__ - 5. 557 radlsec2 -
. T

’
4

a =Ny 180 - Asqgﬁﬁﬂff‘

Y &t

> ¥

P-
= 5400 unigs = 2,322 ft/sec?’ R

"gfjp’.‘x = 2 332 = 2.358 ft/sec

v, sing

‘Nv

sin80°

a_ =Yy =5400 - 4600

¥ .06

- 12,783 units_§‘5.497 ft)seéz

“ . ‘ 7
5 - 8ind - sin80°

\

b

i
1
|
B

R A v
- B ‘ }
H

R

e

* 5!'

oy

- 5.582 ft/sec?

e

1y
;
B
& -
: or
- a
Vg
s"“
.

Py

=



1

ANGULAR, ACCELERATION DETERMINATION : o .
{contractions at § = 110°) - '

" Subj eq't_}_ 5,

. éONCENTRICanMBﬁm:

2850 b el Av = 4480 - 4000
177 - eE VT Sy At .10
- 3230 203 2Q0. %000 CTEL e
"Ll 3449 219 2 4340 - - 108005%units = 2,064 ft/sec
- 3679 230 224 . 4480 S N
3902 223 w5, agm &y ,m2.064 = 2.196 ft/secZ
sz e © o« § Tine | €IRIOQ | el

’ Py
- e S N A ! . : ¥
" T . . ! N A = s - B
& o0 ' voe R N 5
7 a. .v{ . - R . o ] q . 0“ A ] ", ,
ot ‘, "‘ . - “ . (£ 9 . .l '
L - . i3 N -, et . . .
i . w.\ “y ~t' . - a <, . g N
S
K]

Angu].ar adcelerdtion: v oam L. 2 186 rad/sec , U
. . R Q 'M’ ‘)h . “, .t t ¥ PR . o -,:3. : ’ .t

PR ° "k‘q [ l{!’ | .
e . oy ,'a’ - i “ .
m%‘ff »” - ‘t,'* "j.,"m R - ‘,; : A ' . o .
N LT ety s s Yt T ’ B
e o Y. v 3 > Ao
8 o e, W Cy
[ . . .
" T w Yo v N
.~ . . . - ').‘2‘)‘, X ‘
ECCENTRIC DUMBELL .= - £y
‘ ﬂmw Y aY dA!, zvy . B ‘ oo «4.‘ 3
g 3261 0 a¥ety w900 - 125 "
'D R "ﬁ‘;g3228 " 33 . y At . .06
‘ 3190 38 37 1233 - : S :
. 31567 .40 b‘» 43 . 1433 = 7783 units -, 3.347 ft/sec?
3100- 50 - . S5L- 1700 S - co
3036 64 . ) . a - X
2976 oy ‘ & =_y " 3.347 = 3. 562 ft/sec
) ) e : nine ' sin70
. ’ . e !
o . o ‘ a, - » e
- Angulgr acceleration:- a= = 3.546 rad/sgcz :
» ‘ - |‘ ~ * . v ~
S . ‘ : .
‘ L] @ -3 " A

8, )
|
L4



"h' .

Y

CONCENTRIC DUMBELL

Y

1404
1504
1608

' _/1735‘

1861
1985

. 2105

L] ’ : . ' . ‘..'..\v‘\\‘t 82
’ S S
w . ‘ e
ANGULAR ACCHCHRATIQN DETERMINATION ¥
(contractions at 6 = 80°) o _qﬁf
; ' '
L Subject 6
Pg -
W,
s — . l’
AY AY v g .o
7 J ' h 2\ . d
| s =y =2520 - 2200 .
100 S Y At 10
104 110 2200 . ‘
127 119 2380 .. = 3200 units = 1.376 fr/sec? .
1126 126 - 2520 -. . | . 0
B A s —‘_:x_ =1.376 = 1.397 ft/sec? °*

124

et

L

v

Angular acceleration:

A

t hinB' sin80°

2

a . .
a--~;£ - 1.364. rad/sec

» ' i .
- ECCENTRIG. DUMBELL .
; : _ »=
Y avy & v
L y - .
270 . . a_ =3 =4320.- 2840
2596 1140 T LAY 10 . .
> 2451 145 . 142 2840 S Co e
2284 167 176 . 3520 Ui = 14,800 units 5 6.364 ft/sec? -
2067 K, 217 - 216 %320 N0 , -
1804 ° 263 LA "-ﬁyw . a ‘ 2
E : Hrp om Ty =6.364 = 6.462 ft/sec
1486 - 7Pt aing +1n80° s
_ v sa_ ' A
Angular éccelera;}on: a = ;5 =. 6.309 rad/se;2 , "\\y
o
o ~
’ : ¢ -



ANGULAR ACCELERATION DETERMINATION

i
e .
g - (contractions at ¢ = 110°)
' Subject 6
CONCENTRIC DUMBELL ' & .
2705 ' v Ta_ =y - a3000 - 4000 -
2919 214 . , LY .10
‘3116 197 200 4000 . o .
13305 189 179 3580 .~ = -10,000 unifs = 4.300 ft/sec?
. - 3456 , 151 150 3000 | . ol '
3566 110 2, = % = _4.300 = £.578 2
. = _y =-4.300 = 4.576 ft/sec
. 3661 t 8ind sin70% v ‘
"' Vat l
Angula; accelerat%gn: a = e = =4 468 rad/secz.».
o
= ". ‘ . ' \
., ’ ' @‘
. . ECCENTRIC DUMBELL
. Y AY NG vy e . vk
| 3180 - e =My k0 - 1as0.
' 3151 29 1450 . Yy o 220~ 1450
. S t .04
. 3118. 7 33 1650 .+ : - N
3083 35 7507 = 7500 units = 3.225 ft/sec2
3047 g : AT - e
a = = 3.225 = 3.432 ft/sec?
R J ‘ 8in - sin70° : : :
. : C 3 2 . ' - . 5
# . . Angular acceleration: a = —= 3.351 rad/sec?
- < , o y

.
N . .
S \ . LT e
L f DR
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: w
R W | MOMENT CALcuuArloqs
&‘?,gw;gjgéf{‘ - (contractions at op 80°) (
R 7 ED i S
' : Subject 1

&

CONCENTRIC DUMBELL '

M -"(mar +m r )32.17sin6 + (1 +1 )u

0
o - = [.0728(.5172) + .4499(. 9aos>]32 17sin80° +
@ - . (.4713)1.393
= 15.2 pound feet - )
. ‘ISOMETRIC DUMBELL
mo-(mr +mr)3217sinQ) .

'- (. 0728( 5172) + SJS&QQ‘»OS)]Z!Z l7sin80° )

- | 172 pound feet r\,-f’ o
N a ¥ .a.
- N » N <"'.."‘"".'-

ECCENTRIC DUMBELL A
: ZME) - »(m‘ r, +omr )32.1751:\9&" ’ a"f' Ir)a
R A 0728(. 5172) + 1.0165(.9405)]32.1751in802 -~
- ¥, _ - , : o Q. 0299)11 513
‘ . T 19.6-popnd feet - % ,:,Vg”" |
- ) ' . " . , . . “a . Q’) P ) .

g ISOMETRIC WITH DYNAMO&(ETER

m @ m r sine (32.17) + Rr . )

A nL0728(.5172)s1n809(32.17) 4 27. 476( 5833)

’ .
e ~) . . ’ -
. . /
- .

- 17 2 pound feetwl ,

LI% -
5 « -
2

85



o MOMENT CALCd‘qu\Ja R
(contractions at ¢= l}O‘) /

‘ASubject 1 o . a . (./

CONCENTRIC DUMBELL

M = (m r + m r )32 17sine + (I + I )a J

R a w - i ) o
. = [.0728(. 5172) + .5238(.9405))32.17sin70° + ’
SR . .~ (.5073)3.313 .

v

- l7.7'pound feet

ISOMETRIC DUMBELL S e L . |

‘M- mr, +mr)3217 sing

. - [( 07"8)(}‘»172) + 8867( 9405)]3"' l7sin70°
= 26.3 pound feet . . IS )
‘ 4 ‘o - , - . . '\ ]
; v . ‘ '%Em‘ J’. . . ..?f ‘ : .
:ﬁ%ccgnart,?mam.n T .
‘ o £H6'“é' (m T ?+.m r )32.l7sin6 + (I t Ia)a‘ N f a ﬁ‘ f;:

. ' E P
T 0f28( 5172) + 1. 1048( 9405)]37 l7sin70 f SR \ :

e S (.1314)2.627, _
ax . %

bl

= 29.6 pound>feety ‘

e
L]
e

Isomnc WITH DY\AMOMETER g R Sl I [
.. ¥ ) ‘ B - ) . ,-: . w.‘;\\ V - ., 4

- ' . Vo, Sh ‘
e M - n‘r sine (32 17) + Rro. .. o e g

T .0728( 5172)sin70°(32 17) + 42, 260(‘6667)

B |
‘ 2

IR - 29.3~pound feet P : ' C

. . . -
< - ‘ - ’
R - =~
. . . : \ .- } \

e ‘ o , ~\. ; — ; /- Av"“ = 5
’ ‘V"_; S .o ’ >. b v' _\\ / _ “”’



r e S R '
MOMENT CALCULATIONS
(-contyctio,ns 8\2:\ = 80°)
. Subject 2 \'-\v-\““ <

.l\_\\.-

CONCENTRIC . DUMBELL LR ’ e
' R S el g
M, = (@r, +mr )32.17sin8,+ (I +1da cs

. = [.0835(. 5179) + 3334 (. 9405)132. l7sin80°J
o , . (.3345)1,950

= 10.6 pound feet . N ..

e ) ) . L .'

;d . ’ \. . AM . . . N
*“ " - ™ - (mr +mr )"32 17 sinf B
"?” Lt | . T f 0&15( 5179) * 4006( 9605)L32 l7sin80° T

5 ;
% SR S . . “ _ e Lt
T o 13 3 pound feet Co -‘ v !
S e - '\\“__", 4_.'/,,/4-'» ‘ . o

. : ' ! ' ' » N t
. - c . ) v . &

‘ . "_&’/. . . : ‘ . _‘”.. - ,_jA ’ '
ENTRIC DUMBELL ~ . ' o R e
‘lfﬂb‘ L @, i BT 32178106 - (I + 1 )u o .
By e [ oasﬁk §179) + 519a( 9405)132 17s1n80° -
S R T T ( &A18)4 085,

- ’

4 R . . . . . N

s5in

B e AT U P
Lo ISQHETRIC w1 DYﬁkMOMETER- R -

i‘ L e m. '-',_m r, sine (32 ](7) + Rr ' " ) £

. . ) L - .‘u

' . - N . O . ‘\ - .
T 0835( 5179)sin80°(32 17) + 21 sz( 6942) S
N Lo B -',‘ B : ] 3 - . ) . R
- SRR 14,2 pound feer. b

L~

- A
: N

X o . \ - . _ R -
L gm 13 & pound feet; .' »é.{ill . : -

N

e



. MOMENT CALCULATIONS
(contmstioné at o= 1109).

I

« ' Subject 2 - o ,

m - %r LN Tsind + (I, +I)a

= [, 0835( 5179) + 5238( 9405) 7sin70°
. ( 5277)1
- l6.9-pbund feet fy
ISQMETRIC DUMBELL T,
fﬂ# m° -2 (m L +- n.x v) ‘32 17 sin@’ T T ¢
S =~ .# . :

@ . ol 0§35( 517a,) + 6337( 91.05)]32 1751:1700

N v - 19.3 pound feet '
. “ : . - E ’ 7 B . " -(.\ k‘ \
. ECCENTRIC DUMBELL A L Sy ;.

- @hﬂ . . X . - e “e’d‘ ‘v , } t » ° H o ) , ”ﬁ
_ m'o_*f-’ (m r,+tm r'i-)32.17sine - (.1 + 1 ‘)u'- ,__9_,‘; S A N

5, & .
- s - [ 0835( 5179) + ‘8616( 9405 132 17&1n70° -
S ' (. 8711)10 706 :

5 » -,..yl

I
Y.

o ‘o

- - I‘Spound fee: . ]

t ".

Isoméxc WITH Dwom:rsx e e %’ /
o pe =, sinq (32 17) + R # R / NRSTRRE

o a : A . .
’ - [ ’ " h 3

= é, ¢0835( 51~79)sm7o&(3*z 17).+26. 597( 682

RS , Q,A R -
N 19 lo pou.nd feet ‘ : l
.. : . . ' ) ’.. L ‘ ) ". R . . ‘_ ‘: X . 3.“-5 . . .
‘ . ‘ S ol A o _,/ . - I
o : / L / -
. U
ol ~‘-..“ .
' B « o P . RNy
° . ;.5\¥~.' b . . .;‘ |
~ \?‘\/\: I
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B it S PP —
v

At L T W

v

, CONCENTRIC DUMBELL -

ISOMETRIC DUMBELL

ECCENTRIC DUMBELL

IM
]

ISOMETRIC WITH DYNAMOMETER

IM
o,

R i A g -"N/"\“‘19““,"!'7'"'~-w—«-w>~':~.\>-—.\L-“.‘, . -v-'wo-;y-—*hcwxw'wvv--"--ﬂfmw--w-"m-'ﬂ‘"-- I ek IR
e
~ m .
, i : 89
MOMENT CALCULATIONS ‘
‘(c‘pntractions at 6= 80°)
Suﬂject-'3 s, o \
. ] V. . Yo s ,i -
. J - . . :
» \
= (mg, +m¥ 3217800 + (I, + I )a
o v ’JJ
= [.0804(. 5555{ + 5238(1 0245)132.17s1n80° +
. - (. 6181)7 842
- . '|- : . - . P ' . P
= 23.3 pound feet ’
l" ‘ . .1. . . " .
o . : o »
- (_mr ~g-mr)3217 8ind
- (. 0304( 5555) + .7010(1. 0243)132 l7sin80°\ v
b. 24;2 pound feet o f . )
= (m ra+mt )32.1731118@- (Ia+I Ja .
= [ 0804¢(. 5555) + 9296(1 0245)]32. 17sin80
(1 0851)3.409
= 27.9 pound ‘feet ,
= mr. sin® (32.17) + Rr )
= .0804(.5555)s1n800(32.17) + 34.564(.7033)  °
= 25.'/: pound feet ) ' !
7

-
’
’
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. MOMENT CALCULATIONS -
o (contractions at €= 110°)

\Subject 3 R .

CONCENTRIC DUMBELL
: hxko = (m;r + ﬁ"t')32.17sih9 + (I '+'I')a‘
- &

= [. 0804( 5555) + 7010(1 0245)132. l7sin70 *
. (& m:‘l) L36

= 22.6 pbund feet

ISOMETRIC DUMBELL ~ - L S
ItH - Em‘r‘ + mrrt) 32.17 sin6 .
TS = [.0804(.5555) + .9325(1.0245)]32.1751n700

= 30.2 pound feet

ECCENTRIC - DUMBELL
ZHO = (mara + mrrr)32.17sin6 - (Ia + I }L -
»
i o= [ 0804( 5555) + 1. 1653(1 0245)132. 17sin70° -
: ‘ . (1.3707)1.072. L
’ = 36.0 Pound feé@ I o o L

= - -
ISOMETRIC WITH DYNAMOMETER
Dlo = mr_sind (32.17) + Rr | . kD
= .0804(.5555)s1n70°(32.17) + 40.767(.7292)... .

= 31.1 pound feet L \ '

‘ . | .o ‘ . - ) ' :
" . ‘ A) t



CONCENTRIC DUMBELL

M
o

ISOMETRIC DUMBELL

i

S o

ECCENTRIC- DUMBELL

MOMENT CALCULATIONS. .
(contractions at 6= 80°) .

“Subj e_ct 4
. y

(m r, + m r )32. 17sin6 + (I + I )q
3
(. 1088( 5305} + .9042(.9721)]32. 17s4n80° +
(.9757)3.234
& _
L

26.5 poupd feet o o0

On r, + mr ) 32 17 sine
[ 1088 (. 5305) + 1 2243( 9721)] 32. 17s1nso%

39.5 pound feet

!

Gn r, +m Or )32.17sin6 - (I + I-)u

[ 1088( 5305) + 1. 4372( 9721)]32 17s1n80°
‘ : (1 5462)1 348

< L
. . X

\'44.0 pound feet

AISOMETRIC WITH DYNAMOMETER o

-

-.r sine (32 17) + Rr ' g

.1088( S305)sin80°(32 17) + 53 175( 8021)

 '64.5 gound feet 3A~ ' el

e ~



T T e ———— oo everer——
/ ‘ ) ez
| MOMENT CALCULATIONS .
c (contractions at 6= 110°) ,
\Subje'ct 4
’ . . /. ) \\&~ . ‘
. CONCENTRIC DUMBELL , - [ R e S
T T T ;m.’(mﬂr“'-0'-‘;.;')32“.”].;7.511197 + @ +I)a
S . [.1088(. 5305). + Bt ooso( 9721)132. 17sin70_ + 0
T e T . L 0874)24859 -
. .p L o o

‘- 28 8 pound feet

“" - ISOMETRIC DUMBELL =~ _
' M- Gr, +mt)3217sin9 .

= [. 1088 (. 5305) + 1, 255( 9721)]32 l]sin70°

: = 38.6 pound feet L 7

®CCENTRIC DUMBELL

‘IM = (m t' + m r )32.l7sin9 - (I + I )a

' ‘= [.1088(.5305) + 1.6653(. 9721)]32 17s1n70°
© (1.7868)7.061
; . - .38.1!pouhd‘féet
ISRETRIC WITH DYMMOMETER ~ - °
" ,'md = w,r, sine (32.17) + R
- .1088(. 5305)sin70°(32 17) + 57. 606( 8021)..
.' 47 9 pound feet B
e |
N :
N “(

/
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T N AN ... e b g . Y, §
. . NESERS . - "
Ay .\ 93

" , K | . MOMENT CALCULATIONS ., = 2
| ' (contractions at 6= 80 ) -

Subject 5 L /

& ) .‘ | . | . '

- -CONCENTRIC DUMBELL - — -« ooy o ot =D I
| T mo - (m:t + m'r<)s}iﬁ0 + (I + I )a e ) O .

(. 9769)21348 "
. - 3'1;_.0 pound‘,fve’et ' ..@ I - Ve

| IsduﬁTRIc BUMBELL - % L - iin“l P 3 1

hd T . ! - N _f‘_" oo v e

IM = (nr +ur)321731n6
L 1109( 5433) + 1. 0044(1 00440132 17sin80°

v . \ | = 339 Pound feet. | Lt -‘ e
) . . v . : E : o . . .". 'r‘v-, -‘ . .

ECCENTRIC DUMBELL. *~ - . e

l

C o= [ 1109( 5433) + 1. 6323(1 0044?]32 17sin80 "L,%' :

A , (1:9076)5. ST
- = s Tt - 43.2 pound feet .. . R e

ISOMETRIC WITH bYNAMDMfTER . \ o i3f oy
et . ) el ey ,._‘J_

v I - ‘m r, sind, (32 17) + Rr <okt N
B [ h‘ > Lt ',Q"‘

| T 1109( 5433)sin80°(32 17) * 53,685gx§823) IR

. < . S s <l
IR »’.‘f” ~>~u::‘.J‘ ‘
N . . . - N , . 4» ’
, - 38.5 pound feet o L P
S , : ST T e T T ey S 2
- A - . - T e i e - L
e o ,. '
; . . ) »
o %

~n ‘, . 5 .
' - . - i

: ) o . ) . € B .
. : . : M . 4 - ‘ N
. . EN u P B - L !
. . L . . v,
L > T T - “"4'0&- o . <L ¢ D

IM 0= (mt +mr)sinew(1 +I)u e ST -

{ 1109( 5433) +- 8435(1 ooaa)laz 17sin80 + .
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- R © MOMENT CALCULATIONS  °
- (contractions at 6=110°)
E L. f§ul_>ject 5 .
\ h . . . . ’ - . ) . . ‘

- r - . ! . ’ '- . N LV .

cwmmmcwan . R e

e e e
- o

4-. + '

. ..,__m.‘.’. - S:l‘r&-f- mrr )sine + (I ‘I )a - |

| 1. 1105(. 5433) + 8451(1 0044)]32 1764070+ %
( 0458 + .9323)2.186 .

- .‘29.'6 pound 'feet:,
ISOMETRIC DUMBELL = ° . . ' o L L
M - (n.-:; +'mtf.r) 32017 sind

= [.1109(.5433) + 1.4124(1.0044)]32.1781n70°

.- 44..7.pom:1d' feet '
P T - ”\ i
! . A . , , , |
(fmxnnmrﬁmmmj N B
! s ) IM = (m'r :0- m T )s:lneh- (I- 4;11 )a . |
. - [ 1109( 5433) + 1. 6323(1 0044)]32. 17sin70 '
, 3 (1.9076)3.546 " -
, -’,44.6 pound feet - v L R
/ . . E . ) . o . N -
a ISOHETRIC wrru DYYAMOHETER ; . S - e
/ T e . “"r,' . ;H.N. .
‘tus - n.r sine (32 17) + Rr - = s
T e .1109( 5433)sin70°(32 17) + 59. 053( 6875) 7k
/ SRS S
= 42.4 pound feet YT l‘_'*‘, e 5 ?é
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L ) uomwr CALCULATIONS" ) © -
t : (cohtrac,tions at 6= 80 5" I BT
# .7 Subfeet .. Lo o
‘ e i ¥
CONCENTRIC DUMBELL . -~ 4. _  “»’"0.
Ot S U U Y OURRL, . T .. PR
, A T ' o o
; " "-XMO - (m r +.h r )s:[ne + (I o+ 1 )G .
Ny l

S = - .[ 1005( 5614) + 1. 0013(1 0242)]32 17sin80 +
: S ( 0435 + 1. 1474)1 364

- - '-3?.9 pourdd” S'eet\_,‘

K -Ismm'mmnnmznﬁ S o )

.t!(‘--(n";: +mr)3217sin6 N
‘-. [.1005( 5614) + 1 1785(1 0242)]32 17sin80°

e ‘ . ; ,v-
v . N ‘* 60 0 pou,?d feet " Q, 1 \ “‘,'

L%
< . “ . - . ' . .
: ¢ N ‘ W . .
. Vo o ‘ ] R .
scc&muc nuum,t.q Lo e A
’/ - ~o - - ’ .¢

Yoo ZH/ m‘r +mr)sine-(I +I)t!."/.‘, g

/ ,
R 1005( 5614) + 1.6607(1.0242)132. 1751n80°
A e | (1 96)6 309 -

-,

\\ : - 4633pound feet’ ' , .
B . - ) R I
' “‘a Ismn: mu DYNAHOHETER/ L~ I

. m‘diaz sin0(3217)+kr e S

= .1005( 3641)s1nso°(32 17) + 46 971, 7604)

S - 375poundf':‘; ' e %w
§ . ‘ . b
o ;

Z
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. CONCENTRIC DUMBELL - - :

ISOMETRIC DUMBELL

- ECCENTRIC DUMBELL

unuzur CALCULATIONS - - - ' ‘ L
(contractions at = 110° ) , ) o,

- " Subject; 6 : -

- - ~

-~

ZHO .- (mara : mrtr)sinﬁﬁ+ (Ia + Ir)a‘

Y = [.1005(.5614) + 1.002141.0242))32.1751n70° -
| - (.Q435 + 1.1443)4.468.

.- foé pound feet ' f.

«r

: ﬂﬂb; = Gp r, } m_ r ) '32.17 sind

e L 1005(.5614) ¥ 1. 2550(1 0242)132 17810700

A4

= 740.6 pound feet’

. . - .
. 9‘ . - X :
. v o
o . . \ i . .
‘ . N . . ~ i

»

' ‘ - XMO - (m r + m r )siﬁe - (I + I‘)a
- ‘ o /
. ! . . = [ 1005( 5614) + 1. 6607(1 0242)]32 l7sin70 ‘ ;.
\- _ : (1.96) (3. 351) . )
| ’ = 46.6 pound feet. ' | ‘Qi . S

ISOMETRIC WITH DYNAMOMETER

°
’

a

: LXHB - p‘r"sine (32,17)'+.Rr - : ok : .

i
i,

"= ,1005(.5641)61n70°(32,17) + 51.402(.7917).

- ;42.4'poundffge; ) V o ”(:A\
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\ o A
DYNAMOMETER DATA : N |
: . . - é‘ff/ .
: 4 et ,
. g Tuo maximal isometric contractions perform onfthe dynamometer .
N F5 SR
described- by Karpovich and Karpovich (tﬁ@?)/ve g g \f‘_""
v : ] -)wl ot g > ;i o, s

in this report as an a ditdonal isometrie sgﬁ;n Yt

e»l' N
two_ contractions were performed§gtd2 anglé

'

-hundred and ten (110) degrees. ;Ihisg ction ofﬂaﬁh report confains the

'reaults of the tests. : . e.s
A problem was encountered with the recording apparatus which . .

-

had the potential to seriously affect the results. Exhibit 1 displays

two parts of the tracing used to calibrate the dynamometer output.

Part g shows two horizontal lines. The uppermost line was the’ base 5

line'and a close examination of same revealed that it had shifted first

¢ =

downward and then upward.'wPart "y wag tpe:actual tracing used in the
_ . ' RN Y : -
-calibration process and it was-noticed that.the baSe line had shifted

several‘times'there also. . Another student who was using the equipment

v

' for his thesis vas’ instructed by Dr. Singh who was in charge of the

machine, to use the.level of\the line which predominated before the

testing began.‘ The lower portion of the line was therefore chosen '

as the reference point.~
Forty-six poink zero nine (46”09) pounds was loaded onto the

lever arm of the dynamometer. The tracing showed a deflection of

'

‘ thirteen a3 units. The calibration process indicated three point

.-

five four five (3.545)',pounds,' per unit.
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The dats displnyed‘ in Exhibit 2 oo !
"the contreccione gf subjects one, cwo end five. Fot & variety of reupne,/.:
retut of each subject was performed.- In theucese of sukj,ecpe one nnd 5 4
two the reteot was’ conductegi aftei‘ 1t was auepected t:hat ‘a. minal .out- «
B TTput’ ha’d"ﬁot ‘bm given In‘the case of»‘subjee; iive, the grigiml P _
reuult:s vete loac. 'rhé results of the reteat have been liSted in CoLml
. Exhibit 3 and -botH the test and calibx:etion r.'ecording haVe been Pt
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. EXHIBIT 3 -
T . g=110° Calibration .
R ’ J L | SERAREN b
A . — Vo L 0. - "
b AR IEA=
. b V- “.A - -‘ <1
Y Subject 1 I I
o poe 1
P I IR .
r, s Y
v . . . e
! Forty-two point two six (42.26) pounds was loaded onto the
lever arm of the dynamometer. The tracing'proddced a dgfléction of .

twglve (12) units. The calfbrafion process indicated three point
five two ‘two (3.522) pounds per' unit.

6 = 110° T Calibration

Subjec£ 2

N

4

Fifty-thfee point 2ero‘six‘twn;z53.062) pounds was ioéded oﬁtp

the atm of the dynamometer. Thg tracing indicated & deflection of
fifteen_(lS) units: Tﬁg calibration process indicated three point five

three seven (3.537) pounds per unit.
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EXHIBIT 3 cont'd’

\ ; Calibration
/

. ST = e
& L ITIn I I
S o Bt cvel 3 ]
. iy RS S, SR
Subject 5 e as
b s

- s =110°

‘.;;L'_l

pad s eaad

Thirty-four (34) pounds was loaded onto the arm of the
dynamometer. The- tracing indicated a deflection of Nine point five
(9.5) units. The calibration process indicated three point five

four five (3.545) pounds per unit.

-
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Table 10 contfains‘ thé data used ‘td’compute ‘the R reading
|- for each individual.
Lo . TABLE 10 )
' The Determination of R
(the dynamometer t‘orq'u.e reading)
Subject Deflection : Calibration R
. ‘ . (units) (pounds/unit) ) (pounds)
80° 1 | oras 3.545 27474
80° 2 ©6.00 3.545 21.270
/' 80° 3 9.75 . : 3.545 34.564
80° 4 15.00 3.545 ‘ 53.175
" 80° 5 - 15.00 | 3.579 '~ 53.685
802 6 Co13s 3.545 46.971
| ) . . o
-~ 110° 1 . 12.00 3.522 42.264
.,\\\ -110° 2 | 7.50 3.537 262527
N e 3 '11.50 . 3.545 o 40.767
110° 4 16.25 I 3.545 57.606
10° s . 1650 | 3519 . 59.053
110° 6 . Lo Co3ses 51.402
- \\

%
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