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The purpose of this study was to investigate and measure the

A ! , i .
kinematic and electromyographic parameters of the rugby punt when

vperformgd for maximum distance using the preferred and the non pre-
ferred kicking fﬁééi Two dimensional high speed Einematﬂgraphy
Synchroniged with electromyographic recordings of the lowver extremitey
musculature was used for the testin: procedure. The film was analvzed
to give kinematic data iﬁﬁlud?gg angular segmental accelerations,
linear segmental accelerations, ranges ?f joint motion and the
velocities of the centres of mass :.r six elite subjects performing
the rugby punt with both the preferred and non preferred foot. «

-

Electromyographic recordings were recorded simultaneously for the

.

kick-

m

Rectus Féﬁéris, Biceps Femoris and the Tibialis Anterior of th
ing leg. Two subjects were chosen for a detailed analysis of a

comparison between preferred and non preferred kicking. Results in-

ik

dicated inferior performance for the non preferred foot of all
L

subjects. The kinematic parameters demonstrated a related lack of
co-ordinated sequencing of limb segments. Electromyographical reeords

the percentage of maximum EMG levels in the lower limb segments.
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CHAPTER 1 ’
STATEMENT OF THE PROBLEM
IHTRDDHC?IDF
, The skill of kicking in football inyclvgs angularly accelerated
motion of the lower body limb segments. The motion reaches a point

where the distal foot segment strikes the ball and propels it in the

ting at impact. There are numerous.

4

dirdction of the resultant forces a

variations of the kick each of which depends on the specific tvpe of

football, the type of ball and the.game.situation. :

The game .of rugby developed distinctive characteristics when it

m

was'distinguished from Association Football (soccer) in 1863 in
England where it was first refined and developed at Rugby Sgﬁ%ﬂl, then

at Oxford, Cambridge, Richmond and Blackheath clubs. The distinguish-

Ll
)

ing development was the provision for carrving the ball in the hands

o

attempt to gain forward progress. A progression from this point was

ish settlers and

"

the kicking of the ball from the hands. 1In 1823 Bri
members of the Royal Navy introduced the game to. Canada and in 1864
the first official Canadian Rugby rules were formulated at T?iﬂit?
College in Toronto. The popularity Gfrthe game fluctuated EgniidEf*
ably over the next 100 years and has experienced a major revival éverﬁ
the last thirty vears.

‘of rugby involves the player in a variety of kicking

situations, many of which involve the added complications of body

It is to the player's advantage to be able to kick accurately

[



and for distarice using either the preferred or non preferred foot.
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Rugby plaving standards fluctuate considerabl

provinces of Canada with the greater majority of players in the game

involved in a variety of other Canadian team ball games. Many of

at all ages and levels. Rugbv has not been developed in the same

manner as have many of the more traditional games. There is however

a strong tendency for involvement at a later stage in the individual's

The coaching and teaching of the basic mechanical motions of the

rugby punt is significantly lacking both at a club, provincial, nation-

and even at the international level. The other basic skills of the

"]
s
o

game include running, tackling and passing. A player who is zapablg:

of performing accurate and effective di tance punts using both the

I
m
L

preferred and non preferred foot possesses a u ul and quite often

devastating skill when used at the correct strategic moment of a game.
However, kicking is not effectively coached as a priority skill, a

fact which cnﬂtribugés to a general lack in skill levels in developing

‘m‘

% vincial rugby.

A common characteristic in the éﬁﬂsidéfatiﬁé of skills involving
a preferred side of the body is the reliance on that particular side.
.This reliance is based on initial learning processes at an elementary
learning level. The motor le%rning patterns and motor pathways must
be developed and enhanced at the earliest possible stage of the playe
career (WICKSTROM, 1977; SINGER, 1966). With experience and time the
player Hill reflexively move to either foot and Eamplete the kick.

Valuable time is lost and the accuracy of the kick is decreased
. ]

r's



considerably, when a player maneuvers into a better position toe use the

3
r

preferred foot.

Research material relating to the rugby punt and kicking with the
preferred and non preferred is non exiszsnt. The observations and
discussions presented in the above paragraph are based on the writer's
pe;sonal involvement while playing and coaching at the universitv and
club level plus’ international playing experience over a number of years,

a
Consequently, there is a great demand for extensive bi@mechanizél
analysis of rugby playing skills to enhance the coaching levelé,ﬁnd
playing standards of Canadian Rugby players.

To effectively analyze relatively high speed ballistic gype

movements a number of effective measuring tools have beeg developed.
L

High speed 16 mm cinematography and electromyography has.been used

channel amplifiers and recording déQices, The nature of human
ballistic motion is conducive to cinematographical and 1imb segment
analysis (BEVAN, 1972; BRANDELL, 1968; GARRISON, 1965: GRAY, 1968;
SPRIGINGS, 1977; VREELAND, 1977). Segmental analvsis involves a
quantitative measuré of the body's trunk and limb segments as they
vary their kinematic and kinetic characteristics. The skill of
kicking involves the sequen;ial motion of édeiﬂing body segments

so that the ultimate foot segment contact with the ball is maximized
to provide the required distance and accuracy. The ballistic
movements of both- throwing and kicking require the individual limb

segments to reach an optimum velocity so that maximum speed or ~

striking force can be imparted onto the implement.



"The proper timing of the accelerations and
decelerations of each segment (with a range of
motion sufficlent to allow this timing) and a
solid impact of the foot will produce maximum
ball veloecity.” (PLAGENHOEFF, 1971, p. 102)

Analytical problems arise when a skill is inaccurately described’

ot

and significant movement contribution: -onsidered. The

g
1]
]

ar

throwing movement involves considerable rotation of the trunk and

extremity segments around a longitudinal or vertical axis. A single
a0

plane analysis therefore will not consider movements in a frontal or

transverse plane. The anatomical charact i tics of the specific
*
joints involved as well as the muscular attachments in relation to

these joints will control movements in more than one plane. Ihe

punt, is limited primarily to one plane. The angular motion of the
thigh, lower leg and foot is in the sagittal plane (y) around a trans-
verse frontal axis (x).

Additional information can be gained through a knowledge of the
extent and co-ordinated timing of contracting musculature during a
ballistic movement. Electromyography has been used effectively for
many types of muscular movement analysis including gait patterns

kill performances (ANGEL, 1975; Elliot,

[¥1]

running patterns and specific
1976; KAMON, 1966; DUMMASCH, 1972). The quantification of electro-

myographical results is an additional aid which can demonstrate the

relationship between electrical muscle action potential levels and a
variety of muacle contractile qualities. BﬂUIgsET (1973) indicated a
proportional relatiéhship between Iintegrated e]ectfémyggraphy and

muscle work. INMAN (1952) effectively indicated a parallel relation-

ship between muscle tension and isometric contraction but demonstrated



no quantitative relationship between EMG and teﬁéian when the muscle
is.-allowed to change its length. CLOSE (1960), however, using an
electronic counter for muscle action potentials indicates a direct
relationship between tension and both isomerric and isotonie con-
traction.

There has bheen extensive investigation into the mechanics of
relatively high speed ballistic movements (WELLS & LUTTGENS, 1976;

"KELLY, 1971; BROER, 1973; RASCHE & BURKE, 1974). In the present

. 2
£

investig?tién the rugbv punt will be analvzed when performed with

the preferred and non preferred foot. A mechanical analvsis of the
lower limb segments will be combined with an electromyographical
analysis of lower limb musculature. MACMILLAN (1976) relates the
launch angle of the ball and the angular velocitv at the knéé to the
flight of three different types of kicks in Australian rules football.

ROBERTS (1974) mpared vertica¥ ground reaction forces célculatéd

]
o

through both, a force platform and film displacement measures while

ccer toe kick. ZERNICKE (1974) used the soccer toe

U«

performing the s
kick for an analysis of the kinetic parameters of the lower 1limb and
the contribution of selected limb segments to incfements in resultant
velocity. HOSHTKAWA (1974) examined the 1limb segment velocity

butions during thxawing with the preferred and non preferred

\F"‘

contr
hand after F;fteen weeks of training.

The present study will c¢xamine the rugby punt when performed
by elite international rygby players. The kicking skill levels of all
these players are considered to be the high est in Canada at thé present

time. Kicks of this calibre were chosen to represent as close to

perfect model performances as possible so that skill performance



characteristics could be referred to developing kickers at lower skill

levels.

THE PROBLEM
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during the rugby punt when performed by elite Canadia
using both the preferred and non preferred foot.

The measurement tkchniques used included a segmental kinematic
analysis of the trunk and lower limb segments of the kicking leg.
The progressive acceleration and deceleration of limb segments were
considered as variables for final foot velocitv at impact with the
ball. The.sequential vatiation'of these kinematic éhangésileading to
impact velocity was measured and compared. The resultant limb seg-
ment motion was also examined through the muscular contractions
initiating and promoting the motion. Electromyographic muscle

potential recordings were used to determine the instant at which a

particular muscle contracted, to either initiate and accelerate, or

3

decelerate segmental motion.

STATEMENT OF THE PROBLEM

o0

The purpose of the investigation was to determine the SEquEﬁtiaf
pat®rning variations in selected kinematic and electromydgraphic
variables which occurred during the rugby punt when performed by eiite’

Canadian rugby players using both preferred and non preferred foot.

’



The following sub problems were identified:

1)

2)

3)

4)

5)

the kiﬁfmatic variations in the trunk and lower limb segﬁé;t-éf
the kicking leg.

the kinematic_variation aof each adjoining scgment up to the
point of impact.

the'poéition'gnd motion of the kicker's centre of mass.

the range of motion of the trunk, hip, kneevand ankle.

electromyographical muscle action potentials of the Rectus

Femoris, Biceps Femoris and the Tibialis Anterior.

&



The

1.

The

DELIMITATIONS

study was delimited to:
Six highly“skilled Canadian rugby players, two of whom were

chosen for comparative analvsis.

Three trial kicks on each of the preferred and non preferred

kicking feet.

A two dimensional sagittal plane analysis of theifugby punt for

#

distance.

Electromyograms of the Rectus Femoris, Tibialis Anterior and

Biceps Femoris.

Measurement of the rugby punt performed for distance.

* LIMITATIONS \

study was limited by:

The reliability and accuracy of the measurement and recording.-

equipment. »

The consistency of the researcher in determing thi,anatgmtgai

segmental end pointé on film images.

The possible discomfort experienced by electrode implants

during the'mofion of the kick.

Possible time lags during the recording of EMG from different
¥ .
mustle groups.

w

)
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MEASUREMENT ERROR : \

The complexity, measurement methods and general nature of the

. #

»

study introduces errors wﬁicﬁ. in some cases are adjusted for, but in
éther cases have to be considered'constant.

The cinematographical analvsis techniques introduce both operator
and cqﬁipment_orror. The divitizing process relies dpon the consistent
location of segmental end points on film _reproductions. Although the
side of the body which is in consideration is in the camera view, body
segments are often obscured and approximations are made. The foot
segment in particular is difficult to distinguish at particular points
during the kicking action. The photographic materials used for filming
introduce film reproduction qualities which could not be controlled.
Imege qualities such as graininess, resolution, object size and blur
were factors which caused deficulty when pinpointing spEfifiéﬁ%gints‘
on the relevant segments. Frame rate inconsistencv depends on the
accuracy of the camera and calibration reliabilitvy. There are system-
atic errors which remain constant throughout the present study. Per-
spective error and distpriion occur due to the camera and pfﬁjectﬁf)
optics. The framé rate consistency is determined by the timing marks
exposed dn to the film through the Photosonics timing svstem. Correc-
tion factors are bas«ed on the accuracv of digitized peints from a known
object within tHe film frame. The pfogrfmming and computation of the
centre of mass 1is baseﬁ on locating-the Qegmental €nd points and using
standardized anatomical input data. Percent bodv masses and data for
the moments of inertia of each segment are derived from s;atisticalj
analysis of a general population plus cadaver studies. The MIT -cale

is used as a source for this data, however it does not necessarily



10

reflect the true individual charactgristics of each subject. Electro-
myographical oussput signgls from the EMG amplifier units plus the 4-
track FM tape recorder may be subjé:ﬁ to unknown artifact sources.
Contact of implanted wire electrodes, defective fine wire spring
contacts and external artifact interference are possible error sources,
Error sources are minimized through a number of precauticnarv
measures. FElectromvographical output artifact is minimized thgaugh
the use of heavily shielded light weight, four strand, lead wire which,
entirely restricts lead movement interference. Wire electrode implants
are prepared to minimize the possibility of deinsulated wire tips
coming into contact with one another. The procedures are outlined by
(JOHSSON, 1968). A 60 cycle filtration system for each of the four
amplifiers is utilized to reduce nearby electrical interference. Timing
marks from the Photosonics timing system demonstrated high reliabilicy
in frame rates and recorded marks on the EMG readout. A large object
of over three metres is used for an easily identifiable object
for correction factor purposes. The perspective error is mini-
mized by utilizing a maximum camera to subject distance. The Bendeéx
Platen accuracy readings are given at + .036 cm. Researcher error in
taking consistent digitized points was measured by repeating all the
input co-otdinates for the same subject five times. Raw data readcgﬁs

for each of the five runs were surveyed to give a maximum error of

e

1.7 cm. The film frame rate of 100 f/s is measured through timing
marks on the film to give a frame interval of .0105. Through pilot

study trials, it was decided that 100 f/s provided ample image quality

for the kicking motion.



CHAPTER 1T
REVIEW OF LITERATURE

L=

Due to the limited research on the rugbv punt and the ballistics

relating to the skill this chapter will review related literature based

- - &
on- ~
1) Analysis of kicking . ;i;*
2) Eleétrgmyegfaﬁhy and Ballistic Motion
ANALYSIS é} KICKING
Intensive research analwg ﬁ\;LE mechanical chafacceristiés of

kicking appear in a number of variétsources. The majority of studies
relate primarily to kicking while the bal stationary ground
level position. The soccer drive or football ¢ick are the

common examples and considerable similarities can be idenf¥{jed between

these particular kicks and .the rugby punt.

The soccer style kick and the place kick differ to the rugbv punt
primarily as a result of the ball position on impact “with ﬁhé foot.
During the punt the ball is carried in the hands and must be positioned
in the path of the foot. The movement involves co-ordinated transfer-
ence of the ball onto the faa: so that Iimpaét occurs at the correct
moment during the accelerated motion of the foot segment. The point
of impact bEﬁHéEﬁ ball and foot for the punt and place kick cccurs at

different points along the angular path of foot motion. Similarities

Y



between the punt and place kick appear specifically during the approach
stage of the kick and the preparatory stages of angular acceleration of
the kicking leg limb segments. PLAGENHOEF (1971) used a segmental

analysis approach to compare

ii fferent types of soccer kicks. One _ . -

h straight toe kicks

3
g

high skill level subject was used to perfor

L]

and side approach kicks.

the pattern of the motion and the foot position at
impact. Both will vary according to the position of
the ball relative to the non kicking foot, available
time, angle of approach, and the part of the foot
being used for contact.” PLAGENHOEF (1971:98)

Ball and foot velocities were compared and results indicated that -/
ball velocity was not always proportional to foot velocity. Foot ’
velocities Heée taken Eftgr impact and the striking mass was calculated.
The conclusions were that foot placement on the ball is more of a
variable than {s foot velégltv! Joint moments of force were measured
at the hié and knee joints. Tﬁé-decgle:atiaﬂ of the thigh was not
consistent with the different types of kicks, however, kicks with the
lowest thigh deceleration showed the greatest knee extension. The
conclusion was, that the greater the muscle force used at one joint the
leaser the force required in the adjoining segment to obtain gégequal
foot ¥elocity. V

Plagenhoef also demonstrated that foot contact was an important
variable. When the subject performed the punt without wearing a boot,
consistently longer kicks were the result. The '"give" in the boot
often reduced the sgrikiné‘mass of the foot and less distance resulted.

CARLSON (1977) compared two styles of punt kicking. The purpose

of the analysis was to determine the mechanical differences betveen



the American three step and Australian five step punts. One skilled

ubject was filmed in the saggital plane using a Lacaﬁ camera running

at 500 frames per second. Dempster's segmental method aﬁigggafT*Y
co-ordinate system were combined with a Fortran computer to give

entres of gravity (C of G), body segment accelerations and velocities

(e

in horizontal, vertical and linear directions. The path and velocity

of the C of M wvere compared and indicated greater velocities with the
Australian five step approach. Right hip horizontal velocities at

hee]l plant and horizontal velocities at ball contact were greater in

the five step approach. The linear Vél@iitiésapfin ED and at ball jr
c@g?gEfﬁwere also greater with ﬁhé longer approach. Angular

e hip and knee were considerablv higher in the

velocities at both
Australian punt and the launch velocities of the ball were pro-
p@fti@ﬁgtely higher.

The value of summation of horizontal Mrces tp changes in the
path of the C of G during the kicks plus the variations in force
transference during the kicks were indicated thraugﬁ the longer
approach to the punt. The range of movements in the hip awd Kfee were ’
proportional to the velocities generated iﬁ the limb segments. The
greater the impact velocities, the greater the hypérextensian and
flexion of the hip and knee respEﬁtivglyi The effects of greater
ranges 1in §ﬁgulaf displacement were related to the shortening then
sequential lgngthening of the radius of gyration during hip flexion
and knee extension. I'n the present study it was decided to ééaﬁdards
ize the gppraézh»tﬁ five steps.

The effects of v;?ging the approach phase of the punt and the

importance of the ball release from the hande i3 indicated by HAY (1973).
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"Aﬁgh the punter imp.arts no forward velaciﬁy to
the ball at the time he releases it, he simplv lets
it drop or guides it downward with his hands. The
ball retains the forward velocity it had as a result
of the kicker's forward motion." HAY (1973:268)
HAY (1973) used cinematography and manual calculations to- compare
an expert, an average and a novice punter in an American fﬂgtball punt

situation. The conclusions were that there are basically five para-

mftérs which differentiate a good from a poor punter. The higher the

a

skillelevei, the less the distance the ball dropped from the hands to
the foot. The angle of trajectory was 47.5° for the expert and for
the novice 32°. The time period to complete the kick from catch to

impact was less for the expert (1.385 sec.) and greater for the novice

(1.697 sec.).

of the kicked football using three Australian rules punters as

subjects. The determinants considered were the launch angle, the
launch velocity, ball fit or the conforming of ball to foot shape and
the aerodynamic characteristics of the ball. Multiple regression
analysis was used to determine the relationship between thé subjects’
performance and the determining variables. MacMillan suggei?s that
there are other variables which control launch angle and these were thg‘

{fference between the long axis of the ball and the long axis of the

[

foot plus the inclination of the foot to its path of travel, A
Milliken DBM 5C camera fitted with a 50 mm lens was used for filming

at a rate of 400 frames per second with an exposure time of 1/1200 of

-

a second. The film was projected through a 40% Kodak Recordak P40

film reading system on to—the platen of a Hewlett Packard 9810A



a Hewlett Packard 28953 Paper Tape Punch.

The prodduct moment correlation Eetwéen launch angle and-fﬂatpath
angle-was high and statistically significant. The indication was .
that footpath angle during contact was the major determinant of the
launch angle of the ball. All three variables, launch, footpath
angle and ball fit contributed to the prediction of launch angle.
However, although the launcﬁ angle wés predigtable to some extent
the behaviour of the ball during contact was not considered in the
analysis. The conclusion that angular velocity at the knee is a
major deterninant~o§M11near foot velocity was verified. MACHMILLAN
(1975) and DARLINGTON‘(1968) indicated cénsidefgble difficulties in the
quantitative expression of predictor variablés which in fact was the
method used by MacMillan in his study. The general suggéstiéns

Macmillan offers is for further study into momentum transference from
‘

the foot to the ball.

ROBERTS (1974) compared the vertical ground reaction forces cal-
culated ffom film displacement measures with vertical forces recorded
by a force platform. The kicking motion was si%ulsted'in the form of
a stationary movement where the supporting leg.waé stabllized during
the swing. One éxperienced subject was used and the kick was filmed
at 100 frames per second with a Milliken 15 mm pin registered camera
fitted with a Comat lens. A force platform was linked with an Offner
ink writer and a Hewlett Packard 9864A calculator. A digitizer

p
recorded X and Y co-ordinates which were used by computer programs to

calculate displacement of the centre of mass, limb velocities and

accelerations. Kinetic analysis of joint moments were based on mass

estimates from DEMPSTER (1955).
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The vertical force regafded by the force platform and the calcu-
<;ﬁlated vertical ground reaction force for the simulated kick indicated

a direct relationship. The displacements and acceleration of the

were graphed and indicated obvious variations

thigh and leg segment

due to the momentum transfer during deceleration and acceleration.

x

Resultant moments at the hip, knee and ankle indicated a sequential
elationship where peak angular accelerations reached their maximum
after peak inertia of the preceding segment. .
ZERNICKE (1974) also used the soccer toe kick to quantify kinetic
parameters of the lower limb and measure the contributions of selected
kicking limb segments. Five skilled soccer players performed three
kicks resulting in low, medium, and high ball velocities. The Eig;
velocity was measured by a Dark Field Velocimeter and thé 5ubje¢t§
were filmed withra Milliken 16 mm camera fuﬁﬁiﬁg at 300 FPS. Digitized
co-ordinate points were transferred to computer cards and treated with
four sequential Fortran programs. Component forces, resultant joint
forces and moments of force of the kicking limb were computed. Ankle
joint forces increased with increased limb velocity ddring the moticn
from full kﬁeé flexion to extension. Knee joint forces peaked twvice,

nce because of maximum thigh angular acceleration and again at maximum

[a]

positive knee angu

m—m

acceleration. Hip joint forces varied according
to the changes in angular accelerations and resulting changes in the
aﬂteriaf and sup§riar force components at the hip. Resultant moments
of force increased in proportion to velocities except for the hip where

there was a slight retarding extensor torque just before contact.

Variations in the motor learning patterns of kicking have been ob-

served through the use of cinematography. Characteristic motor learning

ey
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patterns of athletes learning a skill with the non preferred limb have °

particular application in the present study.

BLOOMFIELD (1979) analyzed the soccer kick with the purpose of
categorizing fundamental motor patterns. Fiftv six bovs ranging from
2 to 12 years of age kicked a soccer ball four metres toward a target.
A cinematographical analysis produced dacéiwhich categorized subjects
into oné of sig performance groups based on data from a mature, highly
skilled subject, PLAGENHOEF (1971). Two cameras were used, a Photo-
-sonics 16 mm high speed camera running at 100 frames per second and a
Bolex 16 mm running at 64 frames per second. The cameras were
operated in two planes at 90° to each other aﬁd produced both a
lateral and anterior image. The results indicated a developmental
trend in kicking. Characteristic movement variations were based on the
degree of arm co-ordination, backswing, follow through, and the number
of approach steps taken. Bloomfield indicated considerable skill
variation within each group and suggested that in mome instances
children may not have to go through the more traditional stages of skill
development. A particular individual may, iﬁ fact, omit early develop-
mental stages. WICKSTROM (1977) however, suggests a fundamental
learning pattern which progresses through organized stages. It is
possible that these learning patterns will be similar to those of a

mature athlete attempting to punt a fﬂDth;] with his non preferred

=

foot. .

"The punt is a difficult form of kicking for the

child because it entails a complex co-ordination

of body movements. He must mole his body forward,

drop the ball accurately, and then kick it before .
it touches the ground." WICKSTROM (1977:185-186)



The gradual refinement ot these primitive learning patterns should
logicallv occur when using efther toot. The related literature dealing
gith skill analvsis of preferred and non preferred limb motion is
lacking, particularly for the lower extremity. Literature based on
kicking with the non preferred foot appears to be non existent.

HOSHIKAWA (1974) studied the contribution of body segments to

ball velocity during throwing with the non preferred hand. Four

[

adults using both hands threw with maximum effort using four different
throwing methods. The methods ranged from a normal throw which was
then limited by no movement by the hip or trunk, and no use of the
upper arm. The movements were filmed with a Bolex camera at 64 frames
per second and the film data was reduced using a Graf-Pen system.
EMG's of bilateral musculature were taken from both upper and lover
extremities using bipolar surface electrodes. Each Subjétt.then
trained with the non pféféf:ed hand for 15 weeks, three times a week
throwing 50 times during each training séssiéﬂ_ Results indicated

/
gfeéter ball velocities when more segments af the body were brought
into action. The differences between preferred énd non preferred hands
vere prégfessivgly greater as more limb segments were used in the
motion. The ball velocities increased in the non preferred hand

ides

"

after the training period and the differences between the two
decreased. The ééntrigutian.@f the peripheral segments, shoulder and
elbow, to the velocity of the throw is relatively greater for the non
preferred hand_ Even after training, the contribution of the
périphersl segments was still greater in the non preferred hand.

When the three types of throws were Egmpared, the differences in

segment contributions were less in the distal segments of the shoulder,



elbow and wrist. This finding was of special interest as the distal

. segments were considered to be the major contributors to ball veloeity.
The sequencing and timing of segmental actions in both preferred and
non freferred throws before and after training are indicated. The
slpwer and more powerful levers, the hip and trunk, begin their forward
mok¥ement prior to action in the faster but relatively weaker elbow
andlwrist segments. A-possible limitation to this study was the
failure to consider rotation velocities and accelerations around a
vertical axis. Three dimensional photographv and analysis would
porribly indicate significant contributtons of the trunk and hip
segments during the throw.

Hoshikawa does not effectivelv relate the EMG recordings to the
kinematic characteristics of the throw. The muscle action potentials
of the non preferred hand were recorded while throwing with the
preferred hand. The level of EMG activity wa; stronger on the non
preferred side than it was when the non preferred arm was actually
throwing. An explanation or discussion of this finding is not given.

The resulting increases in ball velocity after training were
suggested as a confirmation of improved neuromuscular co-ordination
without radical hypertrophy of the muscle. The non preferred throw
indicated a 40X contribution to ball velocity from the step and trunk %‘
movements while the preferred thrdw indicated a 50% contribution.

The action of the distal segments in the non preferred throw was more

significant than in the preferred throw.
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* ELECTROMYOGRAPHY AND BALLISTIC MOTION :
o«

As a consequence of intensive developments in electronic tech-

niques electromyography (EMG) has taken on a new dimension in both
¢linical and kinesiologliecal fields. The studies considered in this

review will deal with the concepts of muscular activity and ballistic
movements. The use of -EMG to Iindlcate the contraction of a particular
muscle group during a limb movement is readily accepted by researchers.

However, to effectively quantify EMCG and relate the levels of electri-

Ll
"cal activity to the many physiological and kinematic parameters of

muscular contraction is a more formidable task. Through the use of a

rocedures and analysis
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techniques the EMG researcher has presented varied and often conflict-

ing results.

%

movement of kicking. KELLY (1971) defines a ballistic movement as

follows:

"When a muscle contracts with great force over a short
increment of time, the force, as we have seen, may be
conslidered an ilmpulsive force. The torque of the force,
which 13 responsible for the rotation of the body segment,
is then called an impulsive torque, 1If the muscle con-
traction is terminated after a period of time, the segments’
momentum will support continued rotation without additional
muscle action. This type of movement is know as ballistic

applied in opposition.” KELLY (1971:135)
EMGC indicates when a muscle contracts; it is somewhat more
icult to determine to what degree muscle maintains or Lﬂiréaias

actile quality when the limb segment 1is moving at a high

velocity. Kelly states ''the segments' momentum will support continued

rotation without additional muscle action'". One of the purposes of



this study is to demonstrate the variations in the EMG levels of three

major muscle groups controlling the lower limb segments in the rugby

questionable whether or not the muscle continues to con-

punt. It 1

tract in proportion to the accelerating limb segment. Ga Telated
studies indicate that the hip does flex when the rectus eﬁﬁfis
contracts and that the knee does extend on the contraction of the
vastus muscles. DOMMASCH (1972), .JACKSON (1972). However, these are

relatively low velocity non ballistic movements involving a greater

degree of neuromuscular control. Few studies have effectivelv related
variations in EMG activity to the velocity of the limb segment and the
shortening mu¥culature initiating the motion.

GOTO (1976) used three male adult subjects pedaling a bicycle
ergometer to relate integrated EMC levels to load, frequency, power
and oxygen consumption changes during exercise.’ Surface electrodes
recorded integrated EMG for 10 seconds from the vastus lateralis,
gastrocnemius and tibialis anterior muscles. Oxygen consumption was

measured using a Douglas Bag system and a Miller Circuit was used for

EMG integration. The results indicated that the integrated EMG of a

single muscle increases linearly with increased work loads and speed
of muscular contraction. Some variations were indicated in particular
muscle‘gr@ups, namely the Tibialis Anterior and Gluteus Maximus, which
displayed a curvilinear relationship between. integrated EMG and load
frequency changes. The reason given for this was the reciprocal
assistance which these particular muscles received from adjoining
musculature, pgftiﬂularly in whole body movements such as running.
This argument is questionable as most muscles have reciprocal forces

which might cause a similar curvilinear relationship. The integrated



EMG and oxygen consumption increased with the rate of pedaling. BIGLAND
and LTIPPOLD (1954), MIYASHITA (1967) and HENRIKSDN? (1974) have all
indicated siafiar'félaciagships between-Integrated EMG and iiﬂear
increases in work loads and the* speed of muscular contraction. All of

these referenced sources utilize non ballistic tvpe movements to demon-

strate the velocitv EMG relationships. Whether the electrical activity

in the muscle is increased in prepértian to extremely high velocities
during the middle and concluding periods of a ballistic movement 1is
still open to question.

| ANGEL (1975) studied the myoelectric patterns associated with
ballistii movement. Eleven subjects ranging from 16 to 60 years of

sive acceler-

age performed arm movements which were controlled by pa

ation due to the addition of an extra load or mechanical constr int.

[

The sugject was not aware of how the movement would be varied.

Surface electrodes recorded EMG potentials during each of the ballistic
movements. The raw EMG was then measured for maximal and minimal
deflection patterns. The velocities of the hand weré measured by a
rransducer which moved according to the hand position during the move-
ment. A tri phasic EMG pattern resulted with the deflection pattern
peaking twice during the contraction. Each of the peaks was separated
by an obvioys decrease in EMG levels. Angel was unable to explain the
second peak but suggested that the infitial veollev was the agonistic
movement and the se:énﬂ was the controlling contraction which holds the
limb in pasitiéni The subsequent fading of electrical activity after
the second contraction could not be explained. it‘is possible that a

similar phenomenon may occur in the ballistic movements of the lcwer

extremity during the kick.

L
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FISK (1976) recorded EMG potentials using fine wire electrodes in

pl radialis during the

L]
=1

the triceps, flexor carpi ulnaris and flexor ca

overarm throw. The results indicated a decreased activity level 1in
the forearm flexors as the forearm began to move forward. CGreater
contraction levels were indicated In the flexors in throws involving
8pin and curved balls.

INMAN (1952) observed the variations in integrated EMG during

-

changing muscle tension levels in cineplastic amputees. Fine wire
copper electrodes were used to record EMG potentials which u‘

integrated through an electronic circuit which provided a quantitative

measure of amplitude variations. Integrated EMG closely paralleled

tension in a given muscle contracting iebmetrically. Because of

changing tension levels during isotonic contractions there was no

relationship between tension and integrated EMG. During a rapid
if‘i

isotonic contraction there was a disparity between peak electrical

activity and peak integrated EMG. The lag period U? measured at

.08+ .02 seconds irrespective of the muscle length. If the contrac-

tion was slow this lag was obscured. Time lag periods may be apparent

e

in high velocity ballistic movements, however Inman does not report

this finding during isc triec contractions. Time lag betweenh initial

contraction and EﬁG readout would be revealed thrauéh combining high

speed photography with EMG during a high velocity movement.

" FINE WIRE ELECTRODES

Technological advances and improved techniques in the field of
electromyography have enabled the use of fine wire Implanted elec-

trodes in obt aining concise EMG results BASMAJIAN (1971).

-



"Bipolar fine wire electrodes 1solate their pick-up
either to the whole muscie being studied, or, if it
has a multipennate structure, to the confines of the
compartment within the muscle. Barriers of connective
tissue within a muscle or around it act as insulation,
and so one records all the activity as far as such a
barrier without interfering with pick-up from beyond
the barrier (such as there always is with surface
electrodes.” BASMAJIAN (1971:111)

Bacause of the requirement in the present study for EMG readings

during ballistic movements, fine wire electrodes are considered more

appropriate. The necessity for precise recordings from a particular

from the nature of the movement. Surface electrodes must be fixed to
the skin surface and due to the fast nature of the movements could
produce movement artifact. Due to the popularity of the fine wire
electrode a number of studies have indicated chgracﬁEfiétics which
require consideration. DE LUCA (1973) demonstrated that when using
fine wire electrodes the amplitude of the output is dependent upon
the amount of insulated area on the tip of the wire. A similar
variation occurs due to the thickness of the skin and underlying
fat when using surface electrodes. The indication is qhat the
amounts of insulation removed should be the same for each wire used.
JONSSON (1968) reported on the reaction of wire implants during

muscular contraction. A detailed deseription is given concerning the

construction, implantation and removal of the electrodes. (The.con~
s;fuctign and insertion methods presented by Jonsson will be used in
the present study). The results indicated that the wires were dis-

placed 14 millimetres on én averdge and this did not vary due to vire

diameter. All wires were shown to have one or several kinks, ti~ defor-

mation being more predominant in the smaller dlameter wires. The
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frequehcF of wire fracture was rare and in the cases of fracture
there appeared to be no more pain or tenderness than was experienced
by the insertion needles,.

CAVANAGH (1975) used an EMG analysis method similar to the method
used in the present study. EMG records were d%gi;ized with the great-
est amplitude of activity being considered as 100 and the remaining
action potentials for that particular muscle considered as a percent-
age of the maximum. The synchronized time pulse indicated the

relationship of the muscle contraction to the film records.



CHAPTER ITI
METHODS AND PROCEDURES

The experimental procedures used in the study are presented in

the cHapter under the following headings: S

%

$) Subjects

2) Pilot Study

3) Cinematographical procedures and data analysis

4) Electraﬁyagraphigél (EMG) procedures and data analysis
SUBJECTS
The six subjects used in the study were chosen from a highly

national team and considered to be the best in Canada. These selection
were based on their speclialized positions within the team. All the
subjects ¢ould kick with their preferred and non preferred foot. All
subjects had just c@mpletep a full season of competitive club rugby

and wvere preparing for international competition.

Elite rugby players were chosen to provide a high skill standard
of performance so ‘that coaches are able to make reference to the high-
est a?ailgbie skill levels (Table 1). Each of the six subjects were
tdated on each of their Eféféffed and non preferred feet over three
étisls; Data are presented in ;raphical and raw data form for all of
the six subjects. To provide a caﬁpgriscﬁ of kicking performance,

two subjects were chosen. The choice was based gn the distances the

76
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ball was kicked on each of the trials using both the preferred and non
preferred foot. The subject who performed the best with both feet and
the subject who recorded the least distance with the non preferred foot
‘were chosen for comparison. The mean distance over three trials was
taken as the subjects' score for either the preferred or nén preferred
foot.

The decision to use elite performers ‘as subjects was based on an
attempt to approach the highest level of kicking performance available
in Canada at the specific time of testing. It is hoped that inferences
can be made to less experienced and developing kickers who are

-

presently learning the skill.

TABLE 1 . : "

SUBJECT DATA

Rugby | Years
Subject Profession Experience Played Weight Height Age
"0 Amateur
Sports .
Director . 5 yrs 10 yrs 176 1bs 5'9" - 26
1 Lawyer 2 yrs 12 yrs 170 1bs 5'9" T 25
2 Teacher 4 yrs 9 yrs 175 1bs 5'10" " a 29
3 Teacher 5 yrs 11 yrs 154 1bs 5'7" 24
4 Student 2 yrs - 7 yrs 164 1bs  5'11" 23
5 Teacher 10-yrs 15 yrs 170 1bs 5'10" 30

Ean



PILOT SEUDY

A preliminary pilot study was conducted using one subject. The
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sting equipment and procedures was ased on -the results
of these tests. The location of the camera and the arrangemengsgig,d¥f¥*§g§§>
and wiring was finalized. Based on the nature of the

, the f{g;gﬁﬂ§;g the number of approach steps the
ot 5! ,igg the camera to attain maximum frame rate

filming procedures were finalized. EMG needle insertion

procedures were finalized after numerous prac tice sessions using the
researcher's own musculature. The ad justment and staﬁdafdizatian of

amplifier and recording settings was ‘also finalized.

CINEMATOGRAPHICAL PROCEDURES
AND DATA ANALYSIS

Filming took place on a level grassed field surface. The camera
used was a Photosonics 16 mm (model 1PL) fitted with a 12 - 120 mm
AﬁEEniEuK.EQGm lens. The photoso aics TLG timing geﬁeratmr was used to
mark the film and simultaneously record timing marks on the electro-

myggfaph};rr3§§rdingsg The film used was Eastman Kodak Ekfacht@mg
7239 (Fig? 1.

The camera was gituated at 90° to the subject and the lens to
subj2§t distance set at 30 metres (Fig. A),’ The film speed was set
at 100 frames per second and éhg camera was turned on as the subject
passed a predetermined point the step before the kicking foot left ’
the ground. This procedure was followed to allow the camera frane

rate to stabilize as the subject's kicking leg was-filmed. A
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reference tree measure was filmed in the plane of action (Fig. 7).

kicks as needed over a fifteen minute period. Each kick was repeated
three times with each leg usigg'a five step appras:ﬁ, All kicks were
completed for the purpose of gai%ing maximum distance, The iifk
which gained the maximum distanée was chosen for analvsis,

Film data reduction was completed using a 16 mm Triad VR/100 piﬁ
registered film analyzer projecting antg a Bendix digitizimg board.
The X and Y co-ordinates for 21 segmental end points were fed into an

. Due

-y

HP9825A Hewlett Packard Mini Computer through a 9864A Digitize

L]

to differences in subject performances :riticalkfsmés were chosen fo

digital analysis on each subject. Camﬁarativéldifferencés between the

following variables were demonstrated for both the preferred and non

The sequential changes in the angular velocity of the trunk,
' 4

thigh, leg and foot segments.

Linear Velocity

Th

sequential changes in the linear velocity of the trunk, thigh,

w

eg and foot

=
oo

egmental end points.

Velocity of Centre of Mass

3

e sequential changes in the linear velocity of the centre of-
-mass of the body.

Joint Aﬁglg Displacement

-
o
=

e
o
w0
o
=

The sequential changes in trunk, hip, knee and ankl:

mobement.

‘The critical frames chosen for digitizing were:



9)

10)

The

o
[ ]

The Instant the kicking toot Teit the pround.

The first hand releasced I;np the ball.

The instant E?e kicking foot heel plant took place.
The' highest point of the ball during the carry..
Ball release.

Support foot heel plant.

Full flexion of the knee joint of the kicking foot.

The point of maximum thigh flexion before leg
extension of kicking foot.

Impact of foot and ball.

all flight.

;-
=

PROGRAMMED DATA ANALYSIS

HP9825A mini computer was programmed to give raw data output

on all body segments. This raw data was programmed to give:

1) Centre of Mass displacement and velocity changes.

2) Angolar Kinematics including aﬁguléf velocity and
acceleration.

3) Linear Kinematics for linear Vélﬂtifjﬁaﬂd displacement. -

4) Joint angle displacements.

%) Electromvography measurement aprapéf read-out
recordings of 1limb segment musculature

Procedures
Data smoothing calculations were pérfarmed on the raw dagaif@t

angular acceleration and the centre of mass velocity

urves. The

o]

first finite difference method was used to smooth angular acceleation

curves from angular velocity raw data. This method was also used
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on centre of mass displacement raw data for centre of mass velocity
curves,

Centre of Gravity locations and body segment weights for Centre
of Mass calculations are based on M.1.T. scales (NIELS, 1974),
(Fig. 10 and Table 2).

k1

ELECTROMYOCRAPHICAL PROCEDURES AND DATA
=

The musculature chosen for EMG analvsis during the kick was

based on accessibility of the muscle belly and the prime functions of

"

the muscle. The number of muscles was limited to three due to th

limited number of channels available on the recardiné device. The
L . . ! .. . , o

EMC analysis was based on musculature controlling the trunk and the

E

three major segments of the lower extremity, the thigh, the leg and

the foot. - -
The three muscles used for the pfesep£#§§udy included the Rectus

Femoris, Biceps Femoris and Tibialis Antériari The two joint charac-

-
teristics of both Rectus Femoris ,and Biceps Femoris indicate functional

control over both the hip, the knee and to some degree the trunk. The
Tibialis Anterior crosses only the ankle and therefore has an influence

s

over the one joint only (BASMAJIAN, 1974: BOS, 1970; JACKSON, 1972).

approximated by>taking mid

point measurements between the proximal and distal bonv point attach-

fine wire type developed by BASMAIJIAN (1974). The construction of



34

the electrodes was baseé on the description given by JONSSON (1968) and
the insertion techniques used by the same author were also adopted for
the present study. The attachment of the fine wire elegtr§d§s to the
EMG leads and pre-amplifier system was accomplished by soldering small
mild steel springs to an insulated plastic strip which also carried a
ground eiectrode on its base. 'Stefile conditions ware maximized by
soaking the dispésable 26 gauge hypodermic needles and the two fine
wires.inside the needles, in a bath of ethanol for a minimum éf eight
hours. The fine wires were cut to apprpximatgly 5 inches to allow

for movement within the muscle belly (Fig. 6).

The' EMG measurement system used for the amplification of the

=ty

EMG signals was a four channel trail lead system designed for free
movement in a field situation. The component parts of the system
consisted of‘a compact pre-amplifiers housed in a small plastic box
measuring 12 x 6 x 4 cm and weighing approximately .25 kg. The

pre-amplifier was mounted on the subject's lower back where it
«

caused minimal hindrance to movement. The pre-amplifier was designed

for carrging low output impedance along a 50 foot, 4 conductor,
shieided, phonograph, pickup cable. The amplifier system received
the four cables through a 60 Hertz filtering -system into 4 separate
amﬁiifiers. Each amplifier was equipped with a gain control to
balance éﬂe differences in individual muscle readings and resistance
(Fig. 9). The light nature of the cable and the compactness of the
‘pre-amplifier created minimal impediment to the subject (SPRIGIHGS;

1977).

A two channel oscilloséope (Tektronix Type Dual Beam 502) was
)

used to monitor the EMGC readings and ensure that each channel was
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functional. Head phones were also attached to each amplifier to pro-
vide an additional monitoring device. When the four channels werg
providing.a clear output of muscular contraction the amplifier leads
were attached to a 4 channel FM tape recorder (Hewlett Packard 3960
serigs) to provide a permanent storage of the EMG output. The tape
speed was set at dial reading of 3.75 and was capable of recording
input from 0 to 1250 Hz. fhe téﬁes were then played back into a
Honeywell Electronic Medical System to provide permanent visual
recordings on the oscillograph provided in the system (Fig. 5).

The paper readout provided a permanent visual result of the EMG read-
out for future reference (Fig. 8). The timing system used to co-
ordinate the EMG readout to the camera was based on the Photosonics
TLG timing system which simultaneously pulsed 100 Hz light markings
onto the film and registeréd on impulse on one channel of the tape
recorder. As the subject approached the filming mark the timer was
switched to 1000 Hz then back to 100 Hz to indicate the start of the
kicking motion. Using this system the three channels of EMG could be

.

identified with each frame on the film (Fig. 7).

ANALYSIS OF EMG DATA

The paper readout provided muscle action potential recordings of
the three muscles tests (Fig. 8). The paper recordings were analyzed
by attaching the readout sheets'to the digitizing board and then using
a programmed method to record maximum EMG peaks over time (Appendix F).
Artifact and noise levels were digitized and subtracted from the total

maximum digitized and subtracted from the total maximum EMG percentage



on each of the three muscles tested. A graphical representation
of each EMG level was then produced indicating fluctuating levels over

the same time period as the kinematic variables which were also being

measured (Figs. 18 to 21).
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BODY SEGMENT WEIGHTS

a —

o ° MALE FEMALE
Head - 7.i N * 5.7
Neck o _2“5 O a -
Trunk 45.8 46.3
Upper Arms 6.6 6 .

',‘forearis 3.8 3.1

- Hands ‘ 1.3 - 1
Thighs - o 23

Legs 9 10.5
Feet 2.9 2.4
Total 1002 100%

-

* Estimated Proportion of Head and
" .

Neck

TABLE 2

BODY SEGMENT WEIGHTS
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%§5§ESULTS AND DISCUSSION

Kinematic and Electromyographic Data Comparison - Subjects 1 and 4

Th% results presented wgfé based Dﬁxthé kicking performances of six
elite subjects. Each subject was fiiﬁed over & series of three trials
on both the preferred and non preferred foot. The ball displacement
of each kick was recorded (Tablé 3). Each subject was wired to give
electromyographical recordings from the kicking leg. Based on dis- .

) | 3

placement of the ball the best trial for both the preferred aﬁd non 3 ¢
preferred foot of each subject was chosen for f;%ther analysis (Table 3).

Comparing the distances the ball is kicked, the subject who, over

greatest difference (subject #4) were chosen for specific comparison ~ . A 5’

(Table 3). i ' -8
Kinematie and Elg?tfﬁﬂYGgfaphiﬁﬂl data is presentéd-fcf the two 3 :

subjects chosen for comparison (subjects 1i;nd 4). Angular accelera- g )

tions of the trunk, thigh, leg and foot, linear velocities of the trunk,
thigh, leg and foot segmental ends, velocities of the centre of mass and
angular range of motion of the trunk, hip, knee and ankle were the
kinematic parameters presented. FElectromyographical data for the Rectus
Femﬂ'ié, Biceps Femoris and Tibialis Anterior muscles is presented with
angular velocity variations for the hipi4kﬁée and aﬁkle, Results are

presented in both raw data and graphical form.
*
[ ]



KICKING DISTANCES FOR PREFERRED AND
NON PREFERRED FOOT

+
\

SUBJECT FOOT TRIAL Metres X

59 60.3
60

55
- 56 56.3

1 PREF
65 63.6

59°

NONPREF
57 58
58

58

2 PREF :
57 57.6

46
43 46.3

NONPREF

56
59 55.6
52

43
48 47.0

3 PREF
NONPREF

& PREF 54,

55

43
35 41.3

NONPREF

56
58 58.0

5 PREF
50

% 50 48.6
46

NONPREF

. .
WRNMH WM WRNH WRHF W WM WGRN-E WNE W= WRFH WK WK
»

Y

®
Subject trials chosen for analysis

TABLE 3
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ﬂginematic and electromyographic data is also presented for subjects
0, 2, 3 and 5. Angular accelerations of the trﬁnk, thigh, leg and
foot; linear velocities of the trunk, thigh, Leg and foot; velocities
of the centre of mass and angular ranges of motion of the trunk, hip,
knee and ankle are given. Electromyographical data for the Rectus
Femoris, Biceps Femoris and Tibialis Anterior muscles 1is presented
with the angular velocity variatioms of the trunk, thigh, leg and
foot (Appendix E).

Data is reported with reference to the kicking foot, heel plant
(K.F.H.L.); support foot heel plant (S.F.H.L.); full lower leg flexion
(F.L. FLX.); thigh flexion immediately before contact (T.FLX.) and
contact of foot and ball (C.N.T.) The sequential variation in the
kinematic variables of the limb segments is discussed with fEféfEﬂﬂ?
to:

1) the instant the kicking foot leaves the ground

2) the swing phase between kicking foot heel plant and support

foot heel plant

3) the instant of foot heel plant

4) the Qoti@n from support foot heel plant to leg and thigh

flexion to contact of the kicking foot

| Angular Accelerations - Subjects 1 and 4

The variation in velocities of the body segments at each of the
jointse ';. measured 1n radians per second per second. The angular
acceleration of the trunk and thigh was measured with respect to the
" horizontal while moving in the saggital plane. Both the leg aund the

foot were also megsuregr during motion around a transverse frontal axis



in the saggital plane.
Based on the kicking distances recorded (Table 3) for all subjects
on each of three trials, Subject 1 wvas classified as the superior

kicker. The variations in angular velocities for both the preferred

and non preferred feet for Subjects 1 and 4 are presented in graphical

o

form. Changes in the angular velocities for the trunk, the thigh, the
leg and foot are presented (Figs. 11 and 12).

Trunk accelerations for Subject 1 indicate very similar patterns
from kicking foot heel plant to support foot heel plant for both pre-
ferred and non preferred feet. After support foot heel plant there is
a slightly greater deceleration on the non preferred side followed by
an acceleration to contact for both feet. ThHigh acceleration patterns
are similar for both sides up to flexion of the leg when the preferred
side demonstrates a slightly higher acceleration followed by an
equally high deceleration to contact. Leg accelerations also follow a
similar pattern for both the prefeéerred and non preferred sides. Identi-
cal decelaration then acceleration occur for both feet before and
after support foot heel plant. The leg is decelerating on contact for
both left and right feet. Maximum acceleration of both the preferred
and non preferred legs is shown approximately mid way between fuil leg
flexion and contact. The foot segment accelerations demonstrate
very similar patterns with gfeatET positive accelerations for the
prefefged foot. Both feet are decelerating on contact .

The fluctuating relationships of the segmental acceleration pattern
are almost identical for both the left and right foot for Subject 1.
The non preferred foot initiates thigh acceleration slightly earlier

than the preferred, and the aubsequent leg and foot accelerations
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increase In very similar paticerns (or bhoth feat. Thigh acceleration
begins immediately before the trunk segment decreases its velocity in

both the preferred and non preferred foot. Leg and foot segments

rotate with increasing velocity immediately before thigh deceleration
in the preferred and slightlv after in the non preferred foot.
Subject 4 recorded consistentlv lower kicking distances for the
non preferred foot and was classified as the inferior performer of the '
six subjects tested (Table 31). Trunk accelerations for the preferred
and non preferred kicks of Subject 4 1ﬁdi;ate similar patterns from

=
kicking foot heel plant to contact. The major differences are demons-

trated by the greéter extremes 1n acceleration and deceleration of the
-

trunk, partie&iarly between kicking foot heel plant and the swving
phase of the non preferred foot. The trunk is decelerating on ball
cbntact for both left and right feet, The velocity changes,on thigh
motion at the hip of Subject 4 indicates gonsiderable differences
between the two sides. The non preferred thi;h indiggtes high
ge¢elergtian levels during the early stages, however they become
significantly lower after support foot heel plant. Iﬁe:preferfed
thigh decelerates to a greater degree pgiaf to contact. The foot and
leg segments show similar extremes during the initial kicking foot
heel plant and swing stages of the non preferred foot ﬁf;SubjEZI 4,
Aﬁcgiargtians for both the leg and foot of Subject 4 are higher for
Ehg preferred foot before contact.

The fluctuating relationship of segment asceleéatigns indicate
a considerable difference between the two feet of Subject 4. Extreme
variations in the trunk, thigh, leg and foot of the non preferre!

side are shown, and the maximum acceleration of tha foot is
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considerably lower for the non preferred s2de. The non preferred foot
demonstrates little similarity to the sequential pattern for Subject 1.
The segment acceleration sequencing pattern for Subject 1 preferred and .

non preferred and Subject 4 preferred have similar characteristics.

éggglpr Range of Joint Motion - Subjects 1 and 4

The angular ranges of motion for the trunk and thigh at the hip,
the leg at the knee, and the .-foot at the ankle were measured in degrees.
Each segment was measured with reforénce to motion in the saggital plane
around a transverse frontal axis. Subject 1 was classified as the-
superior kicker based on the kicking distances recorded (Table 3).
The angular ranges of motion of the preferred and non preferred foot
for Subjects 1 and 4 are presented in graphical form. Angular ranges

&
of the trunk and thigh at the hip, the knee joint and the ankle are

shownjgn Figs. 13 and 14.

The changes in the angle range at the hip during thigh rotation
for Subject 1 indicate similar patterns for both feet from kicking
foot heal plant through to ball contact. Maximum joint range
for both the preferred and non preferred feet occurred during hip
extension just before support foot heel plant. As the knee angle
decreases, the hip angle also is reduced but increases again in
préparétion for leg extension and contact. fhe hip angle ranges for
thigh motion are similar for both feet for Subject 1. The non pfe—
ferred foot indicates a slightly greater range in thigh extension in
preparation for tMe swing through and ball contact. The rotation of
the leg and the knee indicates similarities between the preferred and
non preferred sides. Maximum knee flexion occurs simultaneously with

maximum thigh extension and the angular ranges are greater in the
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non preferred foot. The foot increases its angle at the ankle starting
mid way between the heel ﬁlgﬂt of the kicking foot and support foot and

remains in an extended position up to and during contact. The trunk

angle at the hip decreases during the non preferred kick and Increases

duriﬂg the preferred kick. The segmental varidtions in the joints for

variations are also very similar and ball contact is at max imum

extension. Trunk motion variations at the hip show the major differ-

m
w

ences between ‘the preferred and non preferred feet of Subject 1.

Subjeit 4 was classified as the inferior kicker based on kicking
distances recorded -(Table 3). Angular ranges for the thigh at the
hip during the preferred and non preferred kicks for Subject 4 indi-
cate limited thigh extension during the non preferred kick. A slightly
. _
ge of motion occurs with the preferred side hip. Smaller

higher ran

ranges are demonsgrated on the non preferred knee at the point of full

1

knee flexion before contact. The foot segment increases its range

at the ankle for both feet but levels off markedly for the n§! pre-
férred foot before ball contact. The trunk angle at the hip gradually
decreases.dufing the non preferred kick but increases on the preferred
side. Subject 4 generally demonstrates iawéf angle ranges in the knee
and partiéuiafly the hip before ball contact. The ankle angles are
markedly decreasing on contact. The sequential peaking of each joint
is éimilgf on both the non preferred and preferred sides except for -
the trunk which 1is decreasing at the hip before and duriﬁg ééﬁéact

of the non preferred foot.
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Velocity of the Centre of-Mass - Subjects 1 and 4

The velocity changes for*the Eééizé of mass for each subject was

measured in metres per second and calculations for the centre of mass

-
L]

of the bodv segments were based on the MIT scale (Fig. 10). The
velocity of the centre of mass was measured using segmertal moticn in
the?saggital -l ne. Centre of mass velocities are shown in graphical
féf? for Subjects 1 and 4 non preferred and preferred feet (Fig. 15).
Subject 1 was classified as the superior kicker based on the

kicking distances recorded. The centre of mass velocity changes for

u’j\

Subject 1 show steady in-

the preferred and non preferred foot of

creases from kicking foot heel plant to support foot heel plant. The

mass indicates considerably higher velocities

a1

preferred foot centre o

\n\

during the remainder of the movement to ball conta

¥

t. There is a
noticeable decrease then increase of the centre of mass from the
forward thigh position before leg extension on the preferred side.
The non préferred foot does not show this change during the later
stages of the movement.

Subject 4 was classified as the irfe;iaf kirher based on the

kicking distances of the subjects tested. The centre of mass velocity

curves are cgnsistentLy Equal,f%am<ﬁgtkiﬁg foot heel plant to support

foot heel plant for both feef then the non preferred velocities are

slightly highéri Bazﬁ‘cencres of mass reduce thelr velocity after
support foot heel plant‘ the preferted foot {ndicating an ipcreasing

velocity to cnntaét. Barh the non preferred and preferred feet of
N - !

Subjects 1 and 4 shgv similéfxéha:acteriatics in the centre of mass

velocity variations. \



4.0 -
1.5 J
1.0
v
x
L )
o 2.5 =
c
I
: 2
T 2.0 j
n |
/ i
il5‘ '
A 2o g
| L
_ oLl —— i 'ﬂﬁﬁlj
=0.70  -0.60 -0.50 -0.40 -0.30 -0.20 -0.10 0.00 o.10
SUBJECT & VEL of CofM (vpraf) (Tmonpraf)
.0 =
.5 =
.0 =
v *
| 4 o
L iE-t-"""ﬁ"’
¢ L} &
: o
T * J;F
k4 0 =
] f
/
L ]

FIG,

N

M
e
Ll

| T
1 =l

TIME(s)
=0.40 =0.70 -0.60 -6.30 ~0.40 -0.30 =0,20 =0.10 g6.0¢0 0.1u

SURJECT 1 VEL of CofM (?ri-ri,f) t'fn—m:pﬁf

15 VELOCITY OF C of M - SUBJECT 1 AND 4 NON PREF & PREF FOOT

55



Linear Velocity of Segpental End Points - Subjects 1 and 4

The linear velocities of the distal end points for the trunk,
the th¥gh, the lower leg and the foot were measuredviﬁ metres per
*econd. Each segment was measured with reference to motion in the
saggital plane around a transverse frontal axis. Subject 1 was
ciassified as the superior kicker based on the kicking diStaﬁEES,
recorded (Table 3). The linear velocities of each of the segmental
end points are shown in Figs. 16 and 17.

‘The changes in the linear velocit;es bf each of the segments

" during the preferred and non preferred kicks for Subject 1 are very

&

similar. The fluctuations in the velocity of the trunk, thigh,

lower leg and foot are almost identical except for the non preferred

56

foot, which records slightly lower maximum velocities for all segmentéi

The érunk decreases after full 1eg_fle;1on. Both the lower leg and
foot coﬁtinue to increase their velocity }o'ball contact., Both the
preferred and non preferred side demonstrate the same sequence over
slightly different time intervals. The foot and lower 1ég segments
both decrease after ball contact.

Subject 4 was classified as the inferior kicker based ;n kicking
distances recorded (Table 3). The changes in the linear velocities
of each of the segments during the preferred and non preferred kicks
for Subject 4 show a number of differences. The sequential fluctu-
ations of the trunk, thigh, leg and foot are similar from kicking
foot heel plant to support foot heel plant for both feet. The pre-
ferred thigh, however, maintains its velocity longe} than the non
preferred. Deceleration éf the thigh is followed by increasés in the

i

adjoining lower leg and foot segments and maximum velocities are
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11 segments. -Th

considerably higher for the preferred foot for

velocities of the leg and foot of the non preferred side level off
then decrease immediately before contact with the ball,” however,

the preferred foot contact is at maximum linear velocity.
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ELECTROMYOGRAPHY AND ANGULAR .VELOCITY

Angular velocities were recorded in radians per second for the thigh,
leg and foot of the preferred and non preferred kicking foot. Electro-
myographic (EMG) muscle action pdtencials for the Rectus Femoris
(Quadriceps) the Biceps Femoris (Hamstring%) and Tibialis Anterior were

recorded as a percentage of the maximum action potential for each

musclf. The Rectus Femoris and the Biceps Femoris cross both the hip
and knee joints and the Tibialis Anterior crosses the ankle joint.

The electromyographic recordings are presented in graphical form over
fhe same time period as the angular velocity for the thigh, leg and
foot. The data is reported with reference to the kicking foot heel
plant (KFHL), support foot heel plant (SFHL), full lower leg flexién

(FL FLX) thigh flexion immediately before contact.(TFLX) and contact af>
foot and ball (CNT). The seguential variation in the angular velocities

and electromyographic muscle action potentials is discussed with ref-

erence to:

1) the instant the kicking foot leaves the ground

2) the swing phase between kicking foot heel plant and support
foot heel plant ‘

3) the instant of support foot heel plant

4) the motion from support foot heel plant to leg and thigh
flexion to contact with the,ball

.

The subject data recorded in Table 2 was used to classify the six

subjects into the most superior kicker using both feet and the most

inferior performer with the non prptirred foot. Angular velocity

data and electromyographical data‘hﬁtves are presented for the non'’
o -
preferred foot of Subject 1 in Figs. 18 and 19, The Electromyography

(EMG) activity is discussed in relation to the segments which the

specific muscle controls. The Rectus Femoris is a two joint muscle
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crossing both the hip and the knee and therefore is discussed 1in

relation to the hip and leg angular ‘;w:ity variations. The Tibialis

crosses the ankle and is related to the foot segment apgular velocities.
Rectus Femoris EMG g@tfvicy for Subject 1 preferred and non pre-

ferred foot is particularly obvious during two phases. Thg first phase

begins slightly before and beyond kicking foot hegi plgn?agnd the

second phase begins at support foot heel plant. The EMG activity of

the Rectus Femoris increases to maximum percentage contraction levels

and decreases to contact for the preferred foot. The angular Qelazicy
of the hip for both legs indicates relatively low velocities at kicking
foot heel plant, negative velocities during the swing phase, then &
increasing velocities before support foot heel plant up to maximum leg
flexion. High velocities are decreasing from this point up to ball
contact. Leg angular velocities for both legs follow a similar course
to the thigh with the increase in veloclty at support foot heel plant
ﬁiEBeing initiated slightly after the thigh increase. Both preferred and
non preferred legs increésezghafply beyond thigh levels at full leg
flexion and continue to maximum velocities at the point of ball contact.
Foot velocities for both feet follow almost jdentical variations to the
leg. The ﬁﬂn preferred foot reaches higher maximum velocities, parti-
cularly Eﬁe leg and foot segments. Thigh velocities are similar for
both preferred and néﬂ preferred sides.
FMC activity for the Biceps Femoris for Subject 1 shows a similar
_pattern for both legs. High EMG levels are shown at kicking foot heel
plant and again around support foot heel plant. High EMG levels are

indicated at support foot heel plant, particularly on the non preferred

)
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side. Levels drop just before ball contact and ;;sbﬁihsfééﬁ demonstrate
activity after contact. Tibialis Anterior indicates fluctuating EMG
activity but is more concentrated for the non preferred foot just

before contact and for the preferred just after contact. Activity was

.- relatively high at support foot heel plancnéfr both feet.

The data iIndicates a definite relationfhip between thigh and leg
angular velocities and EMG gctivity for both the Rectus Femoris and
Biceps Femoris, particularly during angular velocity increase after
support foot heel plant. Théfe 15 an inconsistent relationship between
Tibialis Anterior EMG and foot angular velocity.

Subject 4 angular velocities for both non preferred and preferred
feet demonstrate very similar characteristics (Figs. 20 and 21). Maxi-
mum velocities for the thigh, leg and foot are slightly higher for the
‘preferred feet and leg velacity increases begin slightly earlier at

support foot heel plant. Sequential increases in thigh, leg and foot

follow very similar patterns after support foot heel plant for both feet.

_ The Rectus Femoris EMG activity shows two distinet activity areas for

both feet. On kicking foot heel plant and after support foot heel plant
to ball contact the quadriceps dre noticeably active. Considerably

s i
higher activity immediately before contact is indicated é% the non
preferred side whereas the preferred side shgﬁs high EMG levels just
before and at ball contact only. The Biceps Femoris fluctuates con-
siderably and shows heavy activity after kicking foot heel plant and
support foot heel plant of the non preferred foot. The preferred
foot indicates a similar pattern, however activity levels are

considerably lower. Tibiallis AnteziiEJEHG activity demonstrates

fluctuating activity levels at a number of stages during the non

~
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preferred kick, p#rticularly during the swing phase mid way between

N e

kicking foot heel plant and support foot heel plant. The preferred

foot shows Tibialis Anterior activity at the kicking foot heel plant

and immediately before contact. The swing phase for the preferred
Kinematic and Electromyographic data is presented for the pre-

ferred and non preferred foot for Subjects 0, 2, 3 and 5. Angular

=

accelerations of the trunk, thigh, leg and foot are given in
graphical ¥orm. Angular— ranges of joint motion, linear velocities

of _the segmental end points for the trunk, thighiileg and foot are
presented in graphical form (Figs. 32 to 35). Raw data is presented
for angular velocities of the thigh, leg, and foot and electromven-
graphic recordingsg{or'the Rectus Femoris, Biceps Femoris and Tibialis
Anterior are presented for the preferred and non preferred foot for
Subjects 0, ‘2, 3 and 5 (Appendix E).

Angular Accelerations - Subjects 0O, 2, 3 and 5

Angular acceleration data for the trunk, thigh, leg and foot of
the non preferred feet of Subjects 0, 2, 3 and 5 show very similar |
characteristics (Figs. 22 to 25).

Thigh accelerations peak in all subjects between support foot
heel plant and full knee flexion. As the thigh decelerates the leg
continues to accelerate on all subjects. Peak leg accelerations Dté&f
just before the forward knee position and In all cases the leg is
decelera;ing at contact. Foot accelerations for the non preferred
feet of Subjects 0, 2, 3 and 5 all increase at greater rates and

slightly before the leg begins to accelerate. The foot 1is deceler-

ating before and up to contact in all subjects.
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Angular accelerations for the preferred foot for Subjects O, 2, 3
and 5 all indicate similar acceleration variations and in all cases the
fluctuation of each segment is closely related to the non preferred
foot. The maximum accelerations of all the segments are greater in the
preferred feet than it is in the non preferred. The joint which in-
dicates the greatest variation is the foot. Acceleration and deceler-
ation levels of the foot are most obvious between the kicking foot and
support foot heel plants particularly in Subjects 3 and 5. During the
approach phases of Subject 0, few of the segment accelerations show

great variation for both preferred and non preferred feet. Both feet

Angular Ranges of Joint Hé;}ggujfﬁgbjec§§70i 2, 3 and 5

Angular ranges of motion are given in graphical form for Subjects
0, 2, 3 and 5 for the non preferred and preferred foot. Ranges are

given for the trunk and thigh at the hip, the knee, and the ankle
/

(Figs. 26 to 29).

The non preferred feet of Subjects 0, 2, 3 and 5 show very

7]

similar characteristics. The maximum range for hip extension 1s just

efore support foot heel plant and occurs immediately before maximum

o

knee extension in all subjects. Maximum knee flexion and the extension

of the thigh after support foot heel plant occurs at approximately

similar pattern in all the non preferred kicks for each subject. In
all subjects the foot is extended during full knee flexion and up to

: ' y
the forward thigh position. During contact the foot is flexing at the

ankle in all subjects, particularly Subject 2. The preferred foot

kicks for Subjects 0, 2, 3 and 5 all show gsimilar joint range
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characteristics.

The hip ranges for Subjects 0, 2, 3 and 5 are very similar and
Qlésely approximate the non preferred feet. The knee joint ranges are
all equal to or greater than the non preferred feet. Knee flexfon and
hip extension occur at the same time_far all subjects. Ankle
variations are similar for all the preferred feet and approximate
the non preferred kicks except for the final stage from full flexed
thigh positions when all but Subject 3 continue to extend the ankle
through impact with the ball. Trunk angles graduallv increase for
all subjects on. the preferred kicks except for Subject 2 which de-

creases after support foot plant. The data indicates no consistency

I
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Velocity of Centre of Mass

vCentre of Mass velocity c

shown in Figs. 30 and 31. Velocit
second and data is shown based on MIT scales (Fig. 10) and segmental
motion in'the saggltal plane.

All subjects show a gradual increase in the velocity of the centre

of mass from kicking foot heel plant to support foot heel plant. From

velocity. In all subjects but Subject 2 the preferred foot centre of
mass velocities maintain higher levels throughout the entire kicking
motion. Velocities ppak for all subjects when the kicking leg is
close to full flexion. Thé greétest fluctuations are indicated by the
non preferred foot of Subject O betueeé kickiﬁgrfaat and support foot
heel plant, however the velocities become constant after maximum

levels are reached at full leg flexion.
]
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did not indicate great differences between the velocity
preferred and non preferred kicks

The data i
changes in the centre of mass for pr
D, 2,3 and 5. The preferred fﬂﬂt,,hﬂﬁé;ét, does maintain
throughout except for one subject.

in Subjects O,

ties
Subjects 0, 2, 3 and 5

higher veloc
Segmental End Points -
f the distal end points of the trunk

Linear Jplocities at
velocities of
3 and 5 are shown in

The linear
lower leg and foot for Subjects 0, 2
Each segment was measured with

form in Figs. 32 to 35.
reference to motion in the saggital plane.
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1
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kick. The only exception is Subject 5 where the foot segment is
slightly higher for the non preferred foot. : -

There are few differences in the fluctuating segmental linear

velocities between the preferred and nom preferred feet of Subjects
0, 2, 3 and 5. The maximum segment velocities of the preferred feet

are the major differentiating factors between the two kicks.

Elegttégzggr;phy arid Angular Velocity - Subjects 0, 2, 3 and 5

Rawv data and graphical data for Subjects O, 2, 3 and 5 segmental
angular velocities and EMG recordings are presented in ApPEﬁdi;>Ei
?1ectromyographical data and segmental angular velocity data for
Subjects 0, 2, 3 and 5 indicate identical relationships to those
presented for Subjects 1 and é. Percentage EMG recordings increased
and decreased in proportion to the segmental angular velocity changes

of each segment.



— DISCUSSIO§ L

»
The data reported was based .on the kinematic and electromyograph-

ical analyses of six elite rugby players performing the rugby punt with
: »

both the preferred and non preferred kicking foot. Of the six subjects
]
\ " tested, two subjects were chosen for specific analysis and the
selection was based on the mean distance kicked measured over three
»

trials using both the preferred and non preferred foot. Subject 1 was
v

the superior performer recording the highest average kicking distances
for both preferred and non preferred feet. Subject 4 was the inferior

performer recording significantly lower kicking distances, particularly

!

on the non Qreferred foot. (
In summary of the data reported for each &f the parameteré
measured,' the following observations were made. Angular accelerations

of the trunk, thigh, leg and foot for Subjects 1 and 4 show particular

differences which are more obvious in the non preferred oot of the
inferior-perfogmer, Subject 4. The sequencing patterns of all
segments were similar for both feet of Subject 1 and the preferred

foot of Subject 4. The preferred side in all cases recorded greater

~

ranges in segmental accelerations. The non preferred kicks of

Subject 4 indicated variable fluctuations in segmental accelerations

of all segments, particularly during: the initial foot plant and swing

phases. Although similar variations were shown in the preferred foot
of Subject 4, the ranges were significantly less and maximum acceler-

ations of the leg and foot, and markedly lower for the non preferred
~ 4 ’

! E

foot. The foot is réducing i1ts angular acceleration in all kicks,
-

immediately before ball contact; however levels are lower on the non

86 -
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 preferred sidées. The angular ranges of movement for each of the

joints show similar characteristics between both feet of Subject 1

the least difference was shown between the angular ranges of all
subjects. The non preferred side of Subject 4 shows slightly
15w2f ranges of motion at all joints and a significant decrease at
the ankle before contact. The trunk angle for both non preferred

feet 1s decreasing while on the preferred side the trunk angle 1is

increasing.
K Velocity patterns for the centre of mass for both Subjects 1 and

-

4 are very similar with slightly h{§her levels for the pféf&ffe%ﬁfa@t
of Subject 1. Velocitles peak for all s ’jeéts at support foot heel
plantithéﬁ decrease to contact. The non preferred feet of both
subjects do not indicate any noticeable rise in velocity during or

after contact, whereas the preferred feet show quite a marked increase.

ence between either foot for the suégtiar performer, Subject 1. Maxi-
mum linear velocities for all segments are slightly lower for the non,
preferred Eaag,,hgﬁevef,thg fluctuatioms in segmental velocity patterns
are very similar. The inferior performer, on the preferred

side, demonstrates similar segmental velocity characteristics to
Subject 1. The non preferred foot of Subject 4 indicates lower
maximum linear velocities of all segments with each segment inéreiéiﬁg
to the maximum averigreater time periods. The maximum linear velocity
of the foot is decreasing at Qéﬁtﬂctgféf the non preferred and peaking
on contact for the preferred foot.

The electromyographical data was based on the relationship between
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EMC recordings of the Rectus Femoris, Biceps Femoris, Tibialis An;eéiaf
and the angular velocities of the thigh, leg and foot. Highsziggaqijge

EMG activity was shown.for Biceps Femoris and Rectus Femoris-When . \

thigh and leg angular velocities were iﬁgteasing duiiﬂg non preferre

and preferred kicks for both Subjects 1 and 4. HighGEDQFentratiéﬂ MG
levels were fecgrdeé just before and after support foot heel plant and
vere maintained at varying levels up to and after contact. Tibialis

! s

Anterior EMG activit# did not indicate a direct relationship E‘th

‘ 3 = -
foot velocities in all cases, particularly the preferred foot of
Subject 1. e

2

The kicking motion involves a seriely of sequentially rotating

1imb :ggmgntsighigh bégin angular motion before éf at the point of ~
suppart‘faﬂt heel plant. Each segment including the trunk, the thigh,
the leg and foot rotate at varying velocities through different ranges
of joint motion to pf@du@e a final linear velocity of the foot segment
at the %aint of contact with the ball. The effectiveness with which
the kicker can rotate the limb segments to achieve a maximum final
linear velocity of the foot is one of the necessary requifem;nts of a
successful rugby punt.
The relationship between angular velocity and lineér velocity 18
an important concept in the uﬁdergtandiﬁg of human segmental limb
motion, pattiﬂulely motion of a ballistic nature. The linear -i;
velocity of the foot at the instant of impact is de@endeng on the |
length and the angular velocity of the segments involved. L4 ﬁa
‘ | _—

VV- Linear Veloclity ) -

r = radius (length of segment) ' Qj

w = angular velocity L —



To achieve a greater linear velocity either the radius or the

=

gngular velocity must be increased. When the m;iiiuﬁéangulaf veloeit

of a limb segment has been reached "the linear velocity can be effec-

: ' = g

tively increased by increasing the radius. In the case of the kick, if
3 r

the maximum angular velocity of the thigh has been r%aihed; the radiug

can be increased by extending the knee and therefore increasing the

adius and the linear velocity of the‘fgst_ A similar process takes

-y

. - .
place between the leg and the foot. Howevér=it is necessary to

consider the position of the Fnat for impact rather than beiﬁg overly

concerned about mziimiging the linear velocity of the sengﬁtal end

en analyzing a kick it is importanmt to consider the

s

point, the toe.
consistency with which the kicker maximizes the aﬁgulsr velocity of
each segment before the radius is increased and the linear velocity of
that segment. is maximized. 7

!Thé kicker may also devéii? higher segment éngular velocities by
shortening the radius. The extension of the thigh}gt the hip, and -
fla ign of the leg at the knee are ways in which the kicker maximizes
gngulﬂ?;vglcgities before increasing the radiu;rggKthigh flexion and
leg extension. The range of movement at the joint is therefore
important so that maximum flexion or extension can be gained during
angular segmental motion Angular accelerations of the kickers'
limb segments iﬂdicaté the variation in the angular velocitles. The
rate of change in velocity or the speeding u§ and slowing down affect
the final linear velocity of the impact s%§men§f If the thigh 1is-
slowing down as the leg 1s extended to increase the radius, the final

velocity of the foot will be less than iF the thigh had reached its
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° ’ *
T
maximum velocity. *
»
« = wo - of -~
~_ . t 7
/ L« = angilar acceleration .
, ;
& wf = final angular velocity )

wo = initial angular velocity
t = time
. Althbugh the present study is not directly concerned with a kingtic
analysis of angular motion, the significance of angular momentum and

its relationship to kinematic parameters is of some importance EheiaL

considering an effective kicking motion

v
' =

Angular Momentum = mrzw

m = mass of body
. . r = radius .
w = angular velqcity
., Newton's first law states:

"A body in rotation will continued to turn about the

axis with an angular momeﬁ?\? constant in both

magnitude and direction unless an external net

torque is exerted on 1t."

‘The combined sum of.all external torques acting on a body equgl§
;ero and the total angular momentum of the system is conserved and
rehains constant. These conditions are assumed for the rotation of
human lower limb segments during the kick. The transfer of angular
momentum is dependent on the mass of the segments (m), the length of
the segment (r) and their angular velocity (w). The mass of each limb
segment is distributed about an axis of rotation, the joint. The

moment of inertia of the limb (I = mrz) is determined by the distri-

bution of mass in each segment, the length of the segment and the range
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the joint., Just as angular velocities were increased by
. *

of movement at
shortening the fgﬂﬁu; ddring tﬁighfaxtensién and lég flexion, the
moment of inertia can be reduced to enable tﬁe kicker to position the

1imb segments for the development of maximum angular velocities and

maximum aﬁgulaf=mﬂmentui_ During the performance of a kick, momentum

is transferred from a linear to an angular form then relayed through

segments to the kicking foot, where it is again transferred to the
As the segmental masses are constant both

he
ball in the linear form.
z .
the radius and the angular velocities vary so that angular momentum

is transferred from one segment to anﬂtﬁér as the muscular torque

[

,,,,, The total momentum of the system is con-
provided there is no external force

rugby punt, the external forces in

served during the transferal
the

o
-

applied. In the case
consideration are the torque

forces produced by contracting muscula-

ture.
kicker will develop linear momentum which
At this point

] During the approach the
will be checked with the support foot heel plant.
of momentum to the ground and the remainder

’

r or los
{s transferred into angular momentum through the trunk, the thigh, the

there is a transfe
The variations in the linear velocities of the centre

ker indicate velocity decreases at support foot heel

(2]

the kicke:
plant and momentum transferal. Linear momentum is transferred into the
angular momentum of the trunk. The trunk rotates, reaching m;xiﬁum
angular velocities before decelerating due to external ?uscular torque.
. * . ¥

As the angular velocity of the trunk at support foot heel plant.
' With the flexion of the

the moment of inertia increases.

decreases,
thigh the momentum is transferred resulting in an increased angular
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velocity of “the thigh. As the thigh angular Qg}ocity Aecre;ses at the
full forward knee position, the momeﬁt of iner;ia increases, and
angular momentum 1is transflerred iqto the leg in the form of an in-
creased angular velocity. The angular momentum 1is conserved thrcughéut
the transferal process. As the leg decelerates the moment-of inertia
is reduced but the angular momentum is transferred onto the foot as’ a

significant increase in angular velocity. The linear velocity of the

-

foot at this point is maximized due to its reliance én the resulting
high angular velocity (V = ry). . Angular momen;um has been maintained
throughout the sequegtial increases and decrease§'in moment of inertia
and the related decreases and increases in angular velocity. The
greater mass of the larger segments, the trunk and’thigh produce

high moments of 1pertia which are transformed into increasingly high

angular velocities as the angular momentum is progressively trans=

ferred along the lower limb to the foot and eventually the ball. The
final transfer of angular momentum from the foot-to the ball is based
on a number of*kinematic and kinetic variables, however, the present

study is not concerned with the measurement of these variables. '

MACMILLAN (1975) discusses the concept of momentum transfer from the

and is an important variable in the performance of any kick.
Significant differénces in the angular acceierations of thé:

limb segneﬁts for the non preferred foot of Subject 1 demonstrate

decreases in angular acceleration 1ev$}s both negaaive and pésitiﬁe,

The preferred kicks for Subjects 4 and 1 fndicate comparatively corm=

sistent increases with the leg and foot accelerating markedly as the

; e ‘
thigh slows down. With decreasing angular velocities and relatively
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consistent lever lengths the linear wvelocities for the‘inferior per-
former are therefore lower. Angular momentum is noi being tansferred |
efficiently from the linear form during the approach phase of the non
;referred kick. The less obv{ou§ decreases in centre of.mass velocities
at s;pport foot heel plarmt might suggest this. Angul%r ranges for the
non prefenred kick indicate slightly iover levels and therefore the
posgibllity of reducing the angular distance over which angu:ar
velocities of the.lég and thigh may be developed during full knee
flexion and thigﬁ éxtens§on. bEvidence for.these lower angular ranges
is not great,.possibly.due to the refgtive high skill levels of the
athletes.

‘Electromyographic activity in the lower limb musculature indicates
a direct relationship to changes in the angular velocity of the

- \

thigh, leg and foot. K No attempt was ma?e to relate the level of
contraction to the velocity ch?nges, however, the sequencing of EMG and
segment motion was recorded. Musculature 1is capable of cont}actibn
when lengthening and shortening and it is through the torque forces
exerted by the musculature that angular 1limb egmen; motion fs_con-
trolled. It is through’these'torque forces thgt limdb segmentvangulap
velocities are increased and reduced therefore controlling moment of
inertia and subsequent'angular momentum tran;feral. EMG levels are
record hgn e segment ié rotating etther clockwise or anticlock-
wiﬁe. that is, when the segment has a negative or pbsitive anguiar
accelef:tion. The torque forceé controlling this motion are indicated
through EMG acttvity of thg Rectus Femoris, Biceps %emoris and Tibialis’

Anterior. The Rectus Femoris and Biceps Femoris cross the hip anc knee

and therefore contract both eccentrically (lengthen) and concentrically

.
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e

velocities of the limb segments for all kicks both preferred and non
, \ .

prefgfredlfgllauéd a fairly consistent pattern. EMG activity from the

Rectus Femorls was recorded before and after kicking foot heel plant when

the muscle was stabilizing the hip and trunk duri ,arce transferal.

Additional: activity regsulted at the beginning of the swing phase, then

dropped off to minimal levels. The swing phase period was relatively

low in percentage EMG indicating minimal contraction either eccentric or

concentric. Noticeably high levels were recorded in the Rectus
Femoris during leg flexion and thigh extension when the muscle was

lengthening “during eccentric contraction. Increasing EMG percentages
!

Teached smaximum during leg extension and thigh flexion immediately :

before contact. The muscle is contracting concentrically duiing this
L ]
pArticular phase and due to the two joint nature of the muscle it is

lmpossible to distinguish at which joint the majority of the torque

fg being applied at any one moment. Maximum angular velocities

fore

I

of the thigh and leg, particularly the leg, relate closely to maximum
EMG levels in the Rectus Femoris. The Biceps Femoris muscle recorded
activity levels at kicking foot heel piant where, as with the quadri-

S

ceps group, the hip

L
[+
=
fu ]
e
m
o
)
m

ing stabilized during weight tran sfe

L

“\

Intermittent and fluctuating EMG levels below 502 were recorded during

the swing phase when the hamstring group wculd be lengthening and

contracting eccentrically. Heavy activity was recorded during le g
flexion and thigh extension when the muscle was contracting concentri-

cally. Ag the leg is extended and the thigh flexed, angular velocities

of the thigh and leg increase with concentric quadriceps contraction.



The Biceps Femﬁf;s activity decreases and does not increase :gaiﬁ until

contact of approximately one second after, when thigh and 1eg ballistic
motion must be controlled through eccentric torque forces from the hai— ‘
string group. .

Tibialis Anterior EMG activity was not consistent with the changes

in angular velocities of the foot for all subjects, both preferred and
non preferred feet. The most pronounced activity in the Tibialis

Anterior was recorded particularly at the non preferred kick when the

" foot increased its angular velocity at the ankle before and during

iy

ball contact. Most of the preferred kicks maintain an extended ankle

rt

and lower EMG levels are recorded. Tibialis activity is also evident
during the ﬁush of f phase of kicking foot heel plant for all kicks,
both preferred and non preferred.

The angular motion of the foot and the angle at which tﬁe fﬂﬂt‘
contacts the ball are variables which are controlled to some degree -
by Tibialis Anterior. Flexion of the foot at the ankle is ;nitiated

by the Tibialis and would possibly play an important role in controlling «

m

the position of the foot at the point of impact.



CHAPTER V' -
SUMMARY AND RECOMMENDATIONS ~
‘The purpose of the present study was to investigate and measure
the kinematic and electromyographical parameters of the rugby punt when
performed for maximum distance dsing the preferred and non preferred
kicking foot. Two dimensional high speed cinematography synchronized.

with elfftromyographic recordings of the lower extremity musculature
was used for the testing procedure. The film was used for the testing
procedure. The film was analy;ed t; measure thg kinematic and muscular
contraction variations in limb segmeni’motion. Kinematic data included -
- angular segmental accelerations, linear segmental accelerations, ranges <g\
of joint motion and the velocities of the centre of mass for 31; elite
subjects performing the rugby punt with both the preferred and non
preferred foot. électromyographic recordings were recorded simulta-
neously for the Rectus Femoéiﬁ; Biceps Femoris and Tibial{y Anterior
of the kicking leg. Two subjects were chosen to demonstrate the
differenceés between the superior kicker using both preferred and non
preferred feet and the inferior kicker using the non preferred f;ot.
The selection of the two subjects for comparison was basedron kicking
distances. Results indicated inferior performances for the non pre-=
ferred foot of all subjects ana considerable variation in kinématic
.data was demonstrated for all subjects, %n particular the inferior

>

‘petformer. The sequencing of segmental angular velocity variations

was suggested as being a factor in the lack of performance with the non

preferred foot. Electromyographical recordings indicated a close

96



" of maximum contraction for. both the Rectus Femoris and Biceps Femoris.

There were no obvious differences in the EMG patterns for the preferred
and non préferred feet of all subjects. EMG levels for Tibialis
Anteriaé were not consistent for all subjects but were related to the

degree of motion at the ankle during and before contact with the ball.

L
1, S , . ) i )
by the inferior kickers using the ,non preferred foot was a result of

the failure’af the kiclker to effectively maintain the necessary
kinematic segmental sequencing processes. Failure to effectively

control ‘segmental motion affected momentum transfer through the limb ™

segments and the final momentum transfer to the ball at impact. Electro-
myographical activity indicated concentric muscular contraction which
initiaeed segmental motion during the earlier stages of the movement.

Fccentric contraction of alternate musculature controlled the Ségﬂéﬂt;l

motion during the final stages of limb motion. EMG levels dropped off

during the swing phase of ,the approach indicaeing that the concentric

,ki
C§i§§%Ctiaﬁ iﬂitiategxphe motion but was not necessary to maintain it.

EMG levels were highest during the maximum segmental angular velocity

periods, however, it was impossible ta’ distinguish the degree of '
[
muscular contraction at the specific joints which were controlled by
TR

the twq joint muscles, Rectus Femoris and Biceps Femoris.

(S

" Theé fallﬂwin; recommendations are made:
1) It must be acknowledged that there is a dakinite need for the
e

development of equally effective gkills using both preférféd’gnd non

1 X o o - ) . L
preferred aidég of the body. The versatility of an athlete in being
’ \ . .

/ _ . i _ .
able to alternate from left to right and right to left when performing

¢ -

.“';l_p
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complex skills 1s a result of the learning, teaching and coaching pro-
cesses. With this in mind it is important for coaches to emphasize
the teaching and development of these skills rather than allow the

athlete to develop naturally toward a preferred side of the body. In

which may be performed using both sides of the body, should be carried
out and the necessary adaptions made by the coach during the learning
process.

2) A repeat of the present study dealing with athletes at various
stages of the skill learning process, ranging from the beginner through
intermediate to advanced.

3) The effects of practice and direct coaching techniques on the
performance of athletes learning to use the non preferred limbs.

4) A more in-depth study and measurement of the;iick as 1t relates
to momentum transfer from foet to ball on contact. High speed three-
dimensional photography concentrating on ankle rangé; foot shape, con- .
tact surface and ball ballistics {s necessary to completely understand
the nature of the kick. The suggestion is that a develgping kicker
may have all the necessary iimb segment motions but theiball is n%;,

making contact at the correct time or at the correct position on the

foot.
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F RAMLC #

10
11

l1a

 0.053 .

13.
14
15
16
17
18
29
20

TIME

0.063
0.063
0.126
0.05;
0.074

0.074

0.032

0.053
0.053
0.053
0.053

0.021

0.021

0.084
0.021
0.021
0.021
0.;21

DISFLACEMENT

rad

VELOCITY
rad/sec

-4 060
-0.02
‘0.40

-4.53

ACCCLERATICY
rac/sec/sec
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ANGULAR KINLMATICE : . TUJGh ) SUPJICT O FRLEF
Ve
FRAMES TIME DISPLACEMENT VELOCITY ACCELEFATICHN ~
~rad rad/ sec rad/sec/se€ec
1 ' T »
0.063 ) 0.11 1.68 .
2 . - -1.99
0.063 0.10 1.56 , _
3 , - 3.95
—o+126 ’ U.24 1.93 .
4 ‘ ) -27.03 -
0.053 -G.QS -1.00
5 -35.73
0.074 -0.U9 ’ -1.26 _
6 : o -17.73
0.074 -0:.16 ) -2.12 :
7 . : o -23.10
0.032 -0.09 ’ -2.96 '
g _— ' -27.88
" 0.053 -0.19 - -3.58 )
9 . . ) -36.94
0.053 -0.24 -4.51 .
10 - ~-3.64
0.053 -0.21 -4.04 :
11 . 18.24
0.053 -0.19 -3.55 . '
1z : : 131.46
. 0.053 0.15 . 2.86
13 : ’ 165.47
0.021 0.11 - 5.14 A
14 ) . 155.23
. 0.021 : 0O.18 ~ 8.56 : :
15 , . 295.82
0.084 0.95 N 11.35 , ,
16 . -198 .45
0.021 -0.04 -1.£6
17 . , . -202.42
0.021 ) 0.13 . 5.97
18 ) ‘ 575.65
0.021 0.2Y 10.23 N
19 . - -41.,08
0.021 0.20 9.37

20 -~ o -



ANCULAR KINEMATICS F.LOWELR LEC SULCJLCT 0 PREF
FFAMEs TIML CISFLACEMLNT VELOCITY "ACCELETATION
rad rad/sec rady sec/sec
u.27 4.26 ]
-3.61
G.25 4,013 .
‘ =27.80
0.3f 2.50
{ -69.14
=0.113 -2.51
-65.135
-0.24 -3.33 )l
-5.21
=0.21 =2.813 ’
213,30

‘ , - - 22.00
- 0.09 -1.68
T - 4.21

+0.08 , -1.44
, - -6.63

-0.11 ) T =2.03
. ~33.66

-0.17 -3.2]
-169.42
-0.57 -10.92 _ .
-102.63

-0.18 -8,.59
i 232.90

-0.05 - -2.36
: -391.78

-1.41 -16.82
: 672.07

0.69 32.92
. . 692.18

0.41 19,52
-1119.65

0.20 5.41

-193.95
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SUBJECT O PREF

—————————————————————————————————————————————— - - - —— -

FRAMLS®

14
15
16
17
ly
19

20

TIMEC

DISFPLACLCMLENT
rad

VELOCITY
rad/sec

-1.24
-0.45
-4.57
-10.01
-17.57
-11.1?
-9.29
-lo.02
51.53
13.48
14,18
-1.33

ACCELERATION
rad/sec/sec

0.6
~34.74
-79.29
-61.86

8.05
30. 38
" -0.32
20,177
-63.36
-182.22
-247.65
-22.06
225.32
-230.78
1158.62
561.83
-1773.99

-735.25

S

. &



ANGULAR KINEMATICE

. TEUNK SUBJECT 0 NONPILIEF
FRAME$# TIME CISPLACEMENT VELOCITY ACCELERATION
rad rad/sec rad/sec/sec’
1 e
0.0613 0.04 0.56 -
2 ~3.60
. 0.0613 0.02 0.34
3 4.02
0.063 0.05 0.B81
4 4.E5
0.063 0.04 0.64 .
5 i - =10.29
0.063 0301 0.17
6 iu -3.88
0.105 0.04 - - U0.40
7 ' “dad6
0.105 -0.00 -0,03 , ot
8 7.46
0.063 0.07 1.18
9 . -3.24
0.074 -0.05 =0.72
10 v -25.49
0.653 -0.03 =0.56
11 ) ! . =15.97 .
0.053 =U.09 -1.73
12 =-39.18
0.105 =0.27 -2.62 .
13 -11.68
0.053 -0.14 =2.67
14 = 59.52
0.053 0.11 2.07
15 . . 2.9¢6
0.021 -0.05 =2.51
16 28,14
0,011 0.013 3.11
17 ‘ 151.7%¢
_ 0.021 =0.00 -0.12
18 ’ =-3.02
0.021 0.06 3.06
19 J =50.78
0.021 -0.04 1.99
20 _ |
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ANGULAR KINEMATICS L. TUICI SUBJECT 0 NONPLLEF
[ 3
F RAME# TIME DISPLACEMENT VELCCITY ACCELERATICHN
rad rad/scc rad/sec/sec
1
0.063 =0.10 -1.64 .
2 ' _ : -0.67
0.063 -0.11 -1 .68
3 | 6.56
0.063 ‘ -0.08 -1.22
4 . -3.75
0.063 - -0.14 =2.23
5 » .8 | -4.852
0.063 -0.10 =1.53
6 - . 7.76
0.105 - -0.18 : =1.74 ' ~
7 41.68
0.105 0.21 1.97
8 49.66
0.063 0.22 3.47
9 9.09
0.074 0.20 ) 2.74
10 : 25.18
0.053 0.27 5:19 ;
_ - 50.9v
0.053 0.31 5.94 :
12 : -99,74
0.105 =0.01 -0.05
13 -220.50
0.053 -0.60 =11.42
14 =159.39
0.053 =-0.66 =-12.60
15 ) 364.3%
0.021 U.le 7.71
16 ’ < 48 .33
. 0.011 ) -0.11 =-10.482
17 ) =-881.23
$oo 0.021 =0.13 -6.17 :
18 4. 86
. 0.021 -0.23 -10.75 .
19 ‘ - 206.46
0.021 -0.13 -6.41 -

20 ) B
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e
ANGULAR KINEMATICS : L.LOwWEL LEG SUBJECT 0 NONPRCF  — -_
. (
FRAME$ TIME DISPLACLMLNT VCLOCITY ACCELEFRATICN
rad rad/sec rad/sec/sec
)
1
0.063 -0.26 & -4.09
2 S : 3.14 /
0.063 «  =0.25 -3.89 ==X
.3 - . -12.76 -
0.063 . -0.31 T -4.90 =
4 < 10.10
0.063 -0.21 -3.26 Y s
5 - _ ‘ : 46 .88 '
0.063 -0.12 ‘ -1.94
6 - 59,28
0.105 0.05 0.48 ° :
7 60.47
0.105 0.33 3.14
k- : _ 25.96
0.063 0.20 3.20 )
9 . -6.94
0.074 . 0.19 2.55 :
10 . , -41.45
~ 0.053 . 0.02 0.37
11 ' : -21.93
0.053 0.06 1.17 .
12 152.30
: 0.105 0.88 8.37
13 » -37.47 o
0.053 -0.09 -1.78
14 -395,22
0.053 -1.19 -22.75
s . ) ~649.48
. 0.021 -0.75 -35.88 ' )
16 02.59 .
"~ 0.011 -0.32 . -30.20
17 1044 .40
0.021 -0.41 , ~19.43
18 1424.98
, 0.021 -0.16 S L/ T
19 ' 92,49
0.021 -0.12 ~ =5.81 ‘
20 :



ANGULAR KINCHMATICS : L. FOOl SULJECT 0 NOMERECF
F FAML# TIME DISFLACEMENT VELOCITY ACCELERATION
rad ) rad/sec rad/sec/sec
1
‘ 0.063 { -0.313 =5.186
2 17.94
0.063 -0. 20 -4.,05
3 -23.8:
U.063 -0.42 -6 ,68 :
4 =24.21
0.063 =0.35 -5.57
5 x 56.94 -
¢.063 =0.19 -13.09 Lo
6 : 86.09%
0.105 -0,02 -0.15
7 _ 84.17
0.105 0.42 3.98 ,
8 . ~7.59
0.0613 =0.06 -0.,95 ~
9 , - -28.50
0.074 0.12 1.59—
10 : T . 59,07
: 0.053 0.16 3.08 :
11 70.01
0.053 0.31 6 .00
1 222.28
0,105 1.55 14.75
13 i ~67.00
- 0.053 0.04 0.72
14 . =545.45
. 0.053 -1.48 -28.20 ,
15 ; ) : -617.30
0.021 -0.67 -31.69 -,
16 v ‘ i 233,60
0.011 -0.21 =-19.62 ’
17 . 1120.11
0.021 -0.29 -14.05 '
i8 o - 120.99
0.021 -0.17 -17,71
19 ] 435.56
0.021 -0.18 -8.56 ’

20



ANGCULAR FKIWNEMATICES TRUNE
FEAILL# TIHD CICELACICRLET VET.OCINY
rad . rac/ec
1
N.u32 -0.03 -0.u1
2
0,042 -0.03 =0.73
3
G.U32 -0.02 -0.52
4
u.C53 0.01 g.27
5 .
B 0.053 =0.Jdu - -1.19
E! b
. 0.084 G.usS J. 6%
7 g = .
0.074 -G.1G =1.3a
g _ .
U.053 -0.0u =1445
)
0.053 =0.,04 =d.\70
10
UDD53 =0.05 51;)1
11 )
0.061 =0.22 . -3.50
12
0!674 ’Qilg ‘1-7L
13 ,
0.021 ={,0n0 =4,21
1‘i ' 1
0.021 AT -1.55
15 | )
0.053 =3.04 -0.L0
| :
0.011 =0.04 , -4.u3
17 y '
0.021 .02 0.72
14 - -
0.021 -0,03 -1.57
19 :
20
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ACCELERATICL
rad/tec/cec

W
L
R
-
b
gt

I~



L.. T.l1I{I SUrJrCTl NCHPREF
FrabCE TIOL DISFLACEMINT VEIOCINY ACCETIERRATICR
rad : rau/cec rac/sec/occ
1 .
0.032 0.04 1.13
2 =5Z.24
U.042 -0.03 -0.73
3 -43.91
0.032 -0.02 -J.do
4 54.25
Uv.053 0.060 1.20
5 : 317.93
0.U513 U.Jde 1.11
o ' 41.51
U.0E4 U.2o .34
7 ' 43,17
0.074 0.130 $.05
o Jeadl
L.US3 0.31 5.913
4 -5.613
0.053 .19 1.70
10 , . -81.25
u,u5%31 . J.u9 . 1.67
11 A . =112.9¢
C.0b3 -C.14 -2.,213 -
12 =220.1315
0.u74 =-G. L1, -11.06
i3 S =145.74"
0.021 -0.26 -12.1%0
14 ' =42.613
0.021 -0.27 -13.,00 :
15 ‘ 286 .30
U.u5% =0.3. -GJ17 :
le B , 325,
‘ 0.011 =0.01 =1.01
17 : : 195.1.
0.021 -0.u0 -0.02
0.0z21 =0.07 =3.49
- 49 : . -18J.7¢
0.021 -0.14 . —L.bb



ANGULAT KINCMZATICS L.TCWIT 1.0 cUBare.l LOUPELT
FEAIILE  TIML LISPLACRIL N VLICOITY ACCLIITRATICY
radg raa/eec rad/cec/sec
1
0.0132 -C.12 -3.67
2 122.04
L.042 .03 . g1
3 254.7%
0.032 0.18 5.69
4 EZ.3L
G.u513 L.20 3.¢4
5 =-50.42
0.053 v.19 3.57
3 gy ot B
0.0b4 U.z0 2.41
7 -41.7¢ .
C.u74 G,05 0,72
b =27.93
0.u53 V.01 Uenad
9 . =0.29
0.053 0.04 U,70
10 3.0
U.u53 U.24 5.24 i
11 19¢.12
O.uul ¢G.67 16.60 : _
1z 75,84
0.074 G.0a J. 86 ‘
13 -3135,31 :
v.0z1 -0.20 -12.45 : !
14 : =512-.85
; G.u21 ~0.44 =231.13 ‘
15 : =679.71
. G053 =1.40 =26 .72
lu * -137,97
.011 =0.30 -28.10
17 ) 257 .93
0.0z21 =0.34 =1lt.0U
LL" : : 7‘3&1- b
V.021 =0.35 -15,55 e
19 ) ' 352 .2z
G.021 -C.19 =-92.14
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ALCULAF RIVLIATICE L. FOOT TUCIPCTL rOVIPT
e e e e e m e e
FRANLEY  1INL PISPLACITMI LT VELOCTTY ACCET ERATION
Lol rad/rcc rod/ gsec, /e
1
0.032 -l.uZ -(.55 -
2 S " 1213.45
0.042 L. 17 3.92
3 . : Soer,.17
* 0,032 - L.10 3,62 "
4 . . : 1 -9.50
€.u513 : ¢.19 3.63 -
5 ' »'  =53,55
0.653 v.04 0.77
& : -4a.ub
U.ub4 L.09 1.11 -
7 ) t.le
, 0.074 V.25 o 3.44
b . - C 47,57
C.u53 0.20 V.64 )
9 ‘ 16,00
0.053 C.43 ¢.24 ’
10 . - . - . 5.0z2
0.053 G.27 5.1u
11 : 0l1.62
0.063 L.79 12.52
12 _ -31.80
C.u74 v.24 3.33 _
13 : , ' -3c0.89
» 0.021 -(.29 =13.u¢ ,
14 ' -57¢,17
U.0z1 =0.5¢ ~23.99
15 | : -616.35
0.053 -1.41 -26,03
lv : =5u2,L5
G.011 -0.,47 -44,65
17 . : . 415,79 .
0.021 -0.28 -13.1¢
1b : 980,35
0,021 : =0.61 S =29, 21 o co o
19 : 430.00
0.021 -U.22 -10.66



FFAME#

TIME

LISPLA Biil™
Cdu

0.00
~0.01
-0.062

-0.064

VERCUITY
rad/sec

-v. 70
’L'il,j

1.33
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FCCEIEESTICT
rad/rec/s0cC

17,04

19.54

7

~
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A
ANGULAR Kpnq*aTxcs i . THIG! SUBJECT 1 IiTE
FTAMNCE  TIMED CICFLACE. 1.1 VELCCINY ALCEIRRATICN
- rac. rad/sec rac/scc/sec
W r
1
0.1¢5 0.35 31,33 ¢
< . -24.365
0.105 G.Uo .75
3 =27.53¢
U.165 G.05 0.45
4 -5.18
Veucl .01 0.31
5 . =0 .4a
0.021 u.ul 0.05
6 . =65.45
0.126 -0.19 -1.4v
7 =51.062l
0.063 -0.24 .=13.76
5 . : : . -15,04
U.120 ' -0.37 -¢.90
) , -7.13¢
: 0.053 : -0.23 ~4,46: -
10 , T -31.¢1
0.053 =6.30 =5,75 )
11 . E 62.3¢
¢.053 -G.ub -1.186
12 l K © 176,50V
- .0.053 ¢c.18 - . 3,51 7 -
13 ; J 14$2.55%
0.042 0.37 .93
14 ' : 263.61
¢.032 0.53 16.92
15 ’ , ' £4.73
0.042 0.51 ' 1<.U4
lo : : =405.41
0.032 0.06 2.02
17 ' -312.63
c.0h - 0.01 0.55
14 o id3.13
0.021 U.12 , 5.77
19 1c.8.0C
0.021 U.20 - D .74 .

<0
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ANGULAR KINELMATICS I.LCWEF LEC . CURPJECT | i<}
<
FRAMLC TIME - LISPLACENENT VELCCITY FCCILLFATION
rad rad/scc rac/cec/sec
b2
0.105 0.56 5.52 ~
2 o : 1.61
0.105 0.4C 5.69
3 ®.:
0.105 G.14 1.2
4 -72.76
0.021 -C.04
5 : ~82.53
0.021 -0.08
6 -83.95
0.126 -0.48
7 15.62
0.063 -0.18
8 19.01
, 0.126 -0.25
9 11.62
0.053 -6.u9
10 15.11
‘ 0.053 -0.03
11 _ ~£0.27
0.053 -0.31 ‘
12 -145.66
0.053 -0.44
13 _ 34.36
0.042 -0.00
14 , 387,60
0.032 T 0.32
15 E _ 691.42
0.042 1.00
16 565.29
0.032 0.97 -
17 -12.56
0.021 0749
18 | -552.22
: 0.02Y ~  \p.94
19 _ -362.85
0.021 .18 .
R,
N
~—




FrALLE

11
14
13

14

TIML

rad

-G.08

-G.3¢

—GCID‘

-0.24

-0. 3¢

=0.42

121

FCOT SULJECT 1 Iili
VLICCITY JCCrLLirTICE
rad/cec raJd/sccrssec

5.29
6.19
5.96
- — - -32,60
1.55 '
=111.3¢
o ,' =9, 0L
-3.75
12$.43
=3.01 - -
28.117
-1.64 .
11.34
-1.94
=50 .85
=7.20 )
-70.017
-£,132
, -16.23
-6.0¢%"
-12.81
. =9.05
29,29

-0.27

L -0.51
Y. 85
24.95
29.54
2d.47

21.51

o]
»

L
¥

508.446

106467

='-?565t§2

-764.75

\



ANGLLAT

FRAMLE

10
11
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ARINELATICS : LTHRLLK SLLULCT 2 1LY EilE
TIME LI1SFLACE.. L] VIICCITY ALCLITFATICH
rac raa/cec f rav/cec/csec
v.B063 -0.0"% “U,a? }
-2.406G
C.063 =000 T :
25.11
0.063 G.04 G.71
10.G7
0.0613 -L.U -0, 39
-5.18
0.084 .03 C.39
17.57
0.053 0.G5 .91
-0.07
0.053 .02 0.38
-15.137
C.03z 0.G0 b, 1lo
=~5.05
C.042 0.01 G.17 A
41.81
0.063 0.1u ; l.oud
13.52
0.061) U.06 0.9¢C
7.27
G.Ge3 ¢.13 2,08 )
. 20.47
05042 0.11 2.57
=13.39
G.C063 0.09 1.39
o =3.24
0.L53 U.13 2.40
, =15.51
0.04. C.02 .45
-67.¢4
G.032 =C.u3l -U.60
0.021 0.0C 0.04 o
' ) -ol.L(
0.021 =-0.013 -1.214



ELALLS

10
11
1.

13

1%
le
17
16
19

20

FIML.

r

15

PLACLIYERT
rac

110.83

196,43



FRAML#

14
15

16

lo
19

T 20

-

TINEL

—3

°S : F.LOWLE

LISPLACE! ENT
rac

LEC
VEICCTI]
rac/cec

=4.02

-3.51

124

EUPJIECT 2 IMCK FTLEF

-3.97

-2.41
i1i77
iCl37

=2.62

ACCLLLIZTICH
rac/cec/:ec

24,71 .

~J

27.95
-15.59 -
=863 . My

-163.34

[N

0.6
25.7¢0
60.00
39.31

-13.53
-138.62
64.34
576,24

460.1¢
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ANGULAF KINLLATICE : I. FCCT ZULJECT < YOU Fis+ F
FLAMNLE TILE CISPLACL. LNT VELQCITY ICCLLLEATION
: : rag - ) rad/sec rac¢/sec/cec
1
0.063 0.3¢ 4.6¢
2 ' T ‘ " 5.24
£.063 0.32 5.01 :
3 : : et ° 29 .96
0.063 C.41 - 6.5 '
4 » o 28,20
0.063 L 0.437 6,79
5 * : -169.70
G.054 N E -0.34
6 ; -15¢.43
0.053 -0.25 -4,71 ‘
7 : -0.76
0.053 -0.02 -0.39 o '
o , , . 152.28
" 0.032 0.10 3.29 ° _
Y ) * -116.05
0.042 -0.22° ° -5.27
10 ;, -193.51
0.063 ~0.24 -3.82 : =
11 * . . _ no-3,14
0.063 -0.36 -5.75
12 - -123.49
0.063 -0.73 -11.60
13 / -109.97
G942 40.53 -12.67
14 185.91
0.063 - 0.1z -1.84 S
15 B - , -306. 1b
0.053 ~1.51 , -28.85 e
16 - ’ \ ’ T 339.1¢
0,042 , l0.75 , 17.74 -
17 o | ;sﬁfsggsi 962.79
. 0,032 ’ P52 - 664 o o
15 x - . -238.8&
6.021 0L 19 £.96 -, - N
1y : : , -155.63
G.021 0.12- 5.63

iu



SUBJEC1 2 PREF
FRAMLCS TIME CISPLACL LT VEICCITY MPCCLLLERATICK
rad rad/cec rad/sec/sec
1
0.0513 0.0u 1.06
2 7 13.79
0.053 V.09 1.78
3 -13.50
6.105 0.04 i 0.35
4 o ’ -23.23
U.053 =0.00 =0.05
5 : -10.4¢
0.095 =0.04 -0.47
6 -1.50
: 0.063 | =C.01 -0.16 :
7 12,63
0.074 .04 0.52 .
8 S =-19.19
0.021 -0.03 -1.46
9 =16.7¢%
0.084 -G0.0z ’ -0.,27
10 I =-b .35
V.074 -0.13 -1.60
11 . °, - -3.ub
0.084 \ -0.0% =0.5¢0
14 y ’ -15.51
0.074 =-0.22 . =3.02
13 -31.9¢
0.042 =0.13 -3,07
14 . 12.79
0.0132 . =0.07 =-2.28
15 . 112.17°
0.053 G6.0¢ : 1.05 . .
le ' ¢ '}J;\ge 66 .68
0.042 0.06 . 1.37 )
17 . . - 6.95
0.021 0.03 ° 1.36
0.021 0.03 1.3¢€ ’
19 . : 39,97
U.021 _ Q.05 2.22 —
<0 : _

126



FRANES$ TINMTD CISPLACLIIENT VELOCITY ACCELLTATION
’ rad rad/ sec ., rad/sec/sec -
1
0.053 =0.u8 =1.4¢6
2 -4.92
' 0.053 =0.09 =-1.72
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ANGULAL KINLCMATICE : L.LCWLR LEC SUFJCCT 2 PLEF
FRRIEy TINL CISPLACCNENT  VELOCITY ACCLLLTATION
A rad rag/sec rac/cec/sec
1
0.053 -0.25 4.7
2 -5.45
G.053 0.26 -5.00 _
3 -12.35
G.105 ~0.56 ~5.36
4 19.9¢
0.053 -0.1%b -3.43
5 : 66,2y
0.095 =0.01 -0-. 14
6 1C4.52
¢.003 0.27 4.25
7 - 50.u5
0.074 0.2y 3.7
L . -6.96
0.021 0.u8 3.78
9 -13.09
0.084 0.27 3.25
10 - -25.56
G.074 0.18 . 2.44
11 T =28.72
’ 0.084 0.08 0.95
12 ‘ . 24.99
- 0.074 0.32 4.41
13 , £7.61
T 0.042 .33 - 7.39
14 -156.87
' U.032 =0.15 -4.83 ,
15 =809.56
; 0.053 =1.15 -21.¢7 |
L6 , - K =bJo. 1t
0.042 =1.27 -30.29 :
17 . . 141.38
0.021 =0.32 -15.19 :
le , e - . 1d.71
0.021 -G.16 -7.84
19 - : 299.57
0.021 -0.03 -1.55 )
20 ’



ALGULAL KIKLCIIATICE L. FOCT SULDJCCT &

FFLiIL# TIME LISFLACE-ALNT VELOCITY . ECCCLCTA
rad - rad/ sec rad/se
1
UL.053 -0.214 . -4.65
2 - -10.
0.053 =0.27 -5.23
3 : o -29.14
G.105 -C.ub -6.16
4 . - -40.013
G.053 -0.44 =-8.3¢6
5 93.22
0.095 g.11 1.16
b li2.e¢C
0.063 =0.01 -0.11
7 47,061
0.674 g.16 4.91 :
b 59
0.021 g.ud 31.95
9 * =52.06
. G.0C4 G.Ge 0.2%
10 , . 51.07
0.074 0.49 6.63 '
11 o
0.084 , 0.40 4.8%
L2 ' : | , 4 49.57
0.074 6.77 10.53 '
13 5 59.113
0.042 0.40 9.47
L4 -193.12
01032 ’-DEUE ’iL!EE .
15 -334.17
0.053 ~1.11 -21.19
Lu , -6€3.07
0.042 =1.2% =29,73
17 73,458
0.021 =0.137 -17.46 :
14 _ oll.31
0.021 -0.22 -10.50 ;
19 70.29
0.021 =0.19 -9.u13
20
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ANGULAR KINEMATICS
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SJBJECT 3 HONPREF

- ———— —— — ——— —— ——— —— ————— i ————————— - ———— ——— - —— ————— ——

FRAMES$ TIME

10

11
12
13
14
15
io
17
lo
1y

2V

0.053
J.053
0.021

0.021

0.053

0.053

0.042

U.053
0.032
0.032
0.021

0.021

0.021

0.021

DISPLACE LNt

raa

0.12

-0.06
-0.04
-0.21
-0.21

~0.15

0.08

_0.03

0.

VELOCITY

rad/sec

-0.56
~4.26

3.67
-1.50

1.67

ACCELCRATION
rad/sec/scc

" -21.26
-2.94

7.4

11.99
-53.59
-57.41
~30.10
-80.00
24.82
126.87
54143
-163.95
160.97

131,42

151.11
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ANGULAR KINEMATICS L. T:JdIGH 3UBJECT 3 NONPREF
FRAJALC¢ T'IAE JDISPLACE 1ENT VELOCITY ACCLELLRATION
rad ral/sec rad/sec/sec
1
0.1u5 -0.59 ‘ -4.75
2 , 49 .65
v.053 -0.04 -0.33 ,
3 . 51.32
0.053 -0.03 -0.66 .
4 . 52.50
J2.05) 0.10 1.92 '
5 - .. 47,20
0.032 0.00 1.381
6 - ' 0.39
0.053 0.1v '1.96
7 : 2.76
0.053 0.1v 1.93
) 3.04
0.021 ) 2.04 2.12 .
R : ' 45.51
0.021 : 0.0y 3.60 _
10 : 119253
: 0453 - 0.24 4.63
11 . . A 54,73
0.053. 0.29 5.61
12z ) -150.53
0.042 -0.14 -3.27 )
13 : ) , -3563.31
0.053 ~0.61 -11.58 .
14 : - -291.69
0.032 -0.54 -17.06 -
15 , 157 .40
: 0.032 - -0.16 -4.37
16 . . 534.16
0.021 -0.090 -0.23
17 T -13.53
o 0.021 -0.11 . =5.32 ’
lo c. B S . L. . P "ls’9.dl
0.021 -0.13 | -6.32 -
19 ' ‘ . -143.38
0.u21 - =0.,20 -3.34 .
2V ‘



FRA4ES

- 14
15
16
17
lo

19

TIME

VELOTITY

J1SPULACCAENT
rad rad/sec
\ ‘
\
-0.4% L -4.,25
3\ -
-0.11 \\ -7.76
w =0.31 \ -5.91
O
0.11 \\ 3.59
0.23 N 4.4
. \ 3
.15 ° " 2.35 ’
0.09 .43
0.05 278
0.11 \ 2,&iggh
\\ =
0.29 6.d4
V.23 4.41
‘?0-5\3 "ls.afi
=0.85 =27.0% )
-0.74 §35.43\a%%%§
-0.49 =231.25
-0.23 -1131.19
=J.14 -8.34

132

AC_CCLERATION
raid/sec/sec

=0.10
=1.d5

-114.66

-480.26
-743.10
-621.44

143,47
1053 .31

231.06



ANGULAR KISC1ATICS L. FJOT SUBJSCT 3 NONPRZIF

FRA~EC#- TIAE DISPLAC‘E%EHI‘ VCLOCITY - ACCELERALIDN
. , £ad rad/sec rad/scc/s5¢eC
. )
0.lu5 -0.99 -9.41
: ’ 74.34
0.35%; ’ =-0.1l4 : -31.,51
_ o ) -7.57
J.0513 -0.53 ) -10.01
: 58 .97
0.053 -0.02 ' - =-0.42
: . ’ 325.18
0,932 0.22 7.00
54.35
0.053 J.12 2.131 ’
=-30.90
0.053 0.17 3,24
-92,72
0.021 =0.05 -2.56
31.09
U.021 3.13 . 5 .22 :
~ L l81.506
0.053 2,07 1.25
14.78
0.051 Jd.36 5.17
- _ 417.0¢
0.042 0.97 231.138
-34.31
0.053 J.27 5.12
' : " . =753.12
0.0312 ° -0.33 -12.40
-\ _ -372.95
0.032 =0.99" ~-31.54
\ -715.01
0.021 =0.73 -34.96 .
' ’ ' 993.48
0.021 -0.11 \i ' =3.1313 i
o S , ‘ S e 887 .d9
v.021 -iU.13 . =20.51
) - 452.34
v.021 -0.213 =11.01 b '
[
\
\
\
\



FEAMES
v

10
11
le
13

14

lo
17
18\
19

20

TIME

DISPLACCHMENT

A
-

rad

VCLOCITY
rad/sec

134

ACCLCLLFATICK
rad/sec/sec

-26.54
-26.94
26.54
28.29

7.44



.
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.......... e —— e e—memmmmpemme=me—m—e———e———=—ee—=
ANGULAR . KINEMATICS k. THIGH SUBJECT 3 PRLCF
b Lalibé TIMEC CISPLACLMENT VELOCITY ACCELEFATION
rad \ rad/ sec , rad/cec/sec
‘A
1 .
‘ 0.053 0.21 3.95 Lo
2 -1.77
0.053 0.20 - © 3.89
3 , . 16,85
0.053 ©0.26 4.86 - . .
4 : -64.18
0.053 0.03 o 0.52 5 .
5 , ) o -120.02
0.032 -u.05 -1.44
6 ‘ 4 e -76.05
0.021 -0.06 -2.68 - 7 ,
7 e ) 34.50
0.053 - -0.03 -0.53 ,
1} -10.04
0.032 -0.10 -3.05
9 -98 .91
0.053 -0.25 -4.69
10 - -81.91
0.053 -0.34 -6.49 .
11 . -28 .81
0.053 -0.33 -6.20
12 o 155.41
0.063 0.11 : 1.67 :
13 ’ 300.72
0.053 0.59 11.17
14 : ) 273,66 ..
0.0%2 0.73 '17.48 ' 4
19 : - -176.55
¢.021 0.06 2.83 ‘
16 - -639.74
. 0.021 -0.06 - -2.68
17 » , 416,44
: 0.021 V.24 11,57
18 g = 500.16
0.021 0.16 7.83 .
19 . ' 99.5¢
0.021 0.21 9.92
20 -
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ANGULAR KINLLCLATICS : F.LOWER LEC SUBJLCT 3 PRLF
h
. R 4
FRAME$ TIME LISFLACEMENT VELOCITY ACCEI L EATICL
raa rad/cec racg/scc/sec
[ |
1
0.u53 -0.03 -0.60 ,
2 ) 197.60
0.053 : 0.51 9.77
3 . ‘ : 224.82
. 0.053 0.59 11.20 :
4 : : -73.71
*0.053 . Gl 31 5.90
.5 . -233.83
1 0.032 - -0.03 -1.08
[ [ -27¢.97
. 0.021, . -0.12 -5.82
7 : . -150.39
0.05% A -0.26 . 15,02
8 ; . 69.34
0.033 -g.10 ' -3.27
9 : ' . 51.317.
' ©0.053 -0.15 - -2.87 ,
10 Vo ‘ 33.23
0.053 T =0:10 | -1.87 .
11 ¥ -1.16
0.053 -0.15 -2.93 ‘
12 ‘ -133.04
0.063 -0.56 ‘ -8.86,
13 ‘ 27.73
: 0.053 © =0.07 »1.133
14 ! 506.51
, . 0.042 " G.86 20.40
15 ‘ : . 704.74
0.021 .97 )
16\ . , 540,25
0.021 37.41
17 -650.01
0.021 ~18,132 '
16 e , -1114.85
0.021 \ 14.00
19 | , -293.24
0.021 7.84 :

20



FERAMLC#$

10
11
12
13
14
15
1o
17
16
19

20

TIMLE

0.053
0.053
0.053
0.653
0.032
0.021
0.053

0.032

o
0.053

0.053
0.053
0.U63
0.053

0.042

0.021

0.021
0.021
0.021
0.021

DISFLACEMENT
rad

VELCCITY
rad/sec
3.29

20.19

ACCELERATION
~rad/scc/sec

A

321.61
-50.34
-116.02

-83.04

*=499.46

W

=71.865
58.62

160.19

125.85

-191.132
-407.15
26.69
771.66
1007.61
37.36
-257.40
-364.60

~405.96
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ANGULAR KINEMATICS : TRUMNK SUBJECT 4 NONPREF
FRAME$ TIME DISPLACEMENT VELOCITY \ ACCELERATION
rad rad/sec rad/sec/sec
0.042 . 0.00 0.10
2 ' ) 15.35
0.042 0.03 0.75 -
3 ] -16.37
0.042 '-0.02 -0.58
4 -74.18
0.042 -0.10 -2.37
5 21.41
0.042 0.01 0.31 .
6 . 9.40
0.042 -0.08 -1.97 '
7 ~ -48 .68
0.053 -0.09 ~-1.73
8 ’ ) 30.14
., 0.053 -0.03 -0.55
9 - 54.94
: 0.032 0.04 - 1.16 @
10 ' -44.69
0.053 -0.13 -2.43
11 ' : -97.59
0.053 -0.15 -2.94
12 ~ =18 .45
0.032 -0.11 -3.40 - )
13 ‘ ‘ 33.85
0.074 -0.11 -1.52 ’
14 : 32.74
'0.035 -0.06 -1.68
15 . 1.34
0.032 -0 M5 -1.45
16 -68.21
0.021 -0.08 -3.95 ’
17 ) 223.12
: 0.021 0..09 . 4.41
18 ) . 130.94
0.021 . =0.03 -1.20 = 7
19 _ v -2.39
0.021 -0.03% =1.25

20
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ANGULAR KINEMATICS : R. THIGH " SURJECT 4 NONPREF
FRAME4 TIME DISPLACEMENT VELOCITY ACCELEFATION
rad rad/sec rad/sec/sec
1 »
0.042 -0.11 -2.69
2 197.57
0.042 0.24 5.61
k) . ) 256.59
0.042 0.34 8.09 .
“4 . _ -56.36
0.042 0.14 3.25 o
.5 ~217.61
0.042 -0.04 -1.05 .
6 - -160.18
0.042 -0.15 . -3.48
7 ' -107 .47
0.053 - -0.29_ -5.56
8 s -34.52
0.053 -0.27 -5.11 .
9 - ~-24.27
0.032 ~-0.22 -6.84
10 89.00
0.053 ~0.07 -1.37
11 . 153.44
0.053 -0.02 -0.39 .
Eh ) < ; 103.82
0.032 0.13 4,08
13 2.58
0.074 -0.02 -0.28
14 _ ' .-71.18
0.035 0.01 _ 0.34
15 -0.08
0.032 ~0.01 -0.29
16 , _ ) 164 .08
0.021 ‘ 0.12 5.80
17 - 5 T \ v ’ 164 .34
' ' 0.021 0.08 7 4.03 - '
18 A ‘ -123.74
0.021 0.07 3.20
19 ' ~-44.32
0.021 - 0.05 2.27

20



20

ANGULAR KINEMATICS : R. LOWER LEG
FRAME$ TIME DISPLACEMENT VELOCITY
rad rad/sec 4
1
0.042 0.23 5.51
2
0.042 -0.01 -0.18
3
0.042 -0.07 -1.65
4
0.042 0.03. 0.76
5 _
0.042 0.07 1.61
6 N
0.042 0.24 5.82
2
0.053 0.04 0.72
.8
0.053 -0.31 -5.85
9
0.032 -0.33 -10.47
10 .
0.053 -0.60 -11.37
11
0.053 -0.31 - =-5.99
12
0.032 -0.02 -0.52 )
13 q
.. 0.074 0.30 4.06
14
0.035 0.22 6.28
15 ‘
0.032 -0.05 -1.59
16
0.021 0.02 0.73
17 '
0.021 -0.02 -0.72
18 -
0.021 0.01 0.57
19
0.021 0.04 1.87

120.47
-21.13
~246.99
-212.98
-131.37
106 .63
206.54
239.33
129.68
~104.14
~167.04
33.08
-7.69

62.15
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FRAME# TIME' DISPLACEMENT VELOCITY ACCELERATION
: rad . rad/sec ‘rad/sec/sec
1
0.042 0.02 0.37
2 ~25.87
0.042 -0.03 -0.72
3 ' 149.80
0.042 0.28 6.66
4 b 62.27
0.042 0.08 1.90
5 118.65
0.042 0.49 11.64
6 54.81
0.042 0.18 4.20
7 ) ~-321.19
0.053 -0.10 -1.85
8 -214.11
0.053 -0.31 -5.92
9 -275.96
0.032 -0.51 ~16.34
10 -198.02
0.053 -0.66 -12.56
11 243.24
0.053 -0.32 -6.13
12 417.05
0.032 0.29 9.33
13 251.51
g 0.074 0.33 4.44
14 -94 .01
0.035 0.15 4.40
15 -101.96
0.032 -0.03 -1.10
16 _ -211.06
. 0.021 -0.05 -2.62
17 ] ‘ 68.26
0.021 - 0.01 0.70
18 . 206.12
0.021 0.04 1.71
19 -163.86
-0.04

20

0.021



f 10
"
12
13

le
17
18-
19

20

VELOCITY
rad/sec

ACCELLERATICK
rad/scc/sec

-15.43
11.63
30,37
17.133
-9, 60
29.10
23.42

~19.20
-1.12
56,36
30.09

-38.15

-58.34
16.15

26.46

-152.58
=95.69

=75,42

PRt



o e
ANCULAR KILLMATICS : R. THICL EUPJECT 4 FRLI
FRAME#$ TINME DISPLACEMENT .VELOCITY ACCCLCTATICH

rad rad/sec rad/ cec/sec
- I
1
0.064 0.35 5.55
2 -22.61
0.064 .26 = 4.11
3 <& =91.58
0.064 -0.02 =0.,.27
4 =91.62
0.042 =G.07 -1.70 ;
5 _ -4$9.48
0.021 =0.12 -5.51
6 -96.132
0.053 =0.25 -4.74
7 58 .68
0.042 =0.14 -3.136 -
) _ : - 4,21
0.053 =0.24 -4.54 ’
9 | _ -4g.16
0.042 -0.24 -5.673
10 _ -16.09
G.042 -0.22 : =-5.130
11 : 168.31
0.042 0.06 1.44
12 - ka ' » 224.67
0.032 0.13 : ' 4.14
13 . y 218.87
0.053 0.50 9.48
14 : ’ A . 288.47
. 0.042 0.68 1€ .25
15 , ) =92.02
, U0.032 "0.10 : 5,13
16 -426.29
o 0.021 T 0.01 0.59 K : .
17 : . . : T =1813,27
_ v.021 0.01 0.32
0.021 0.11 5.10
19 = 107.65
0.021 0.24 11.56

20



10
11

12

14
15
lo
17
18
19

20

DISPLACLIIENT
rad .

VELOCITY

rad/sec

" -

L]
L
Law]
-
la !
i
oy
e
™
"y

ACCELERATICN
rad/sec/sec

-60.74
-141.51
XelEI.SE

=19.03

30.67

36.54

608.04
3E7.65
-7.68
" ~717.03

=-547,72



145

ALGULAF EIELQQTlCS - R. FCCT SUrJCCYT 4 PrLE
FRAME$ TIMLEC LISFLACEMENRT VELOCITY ACCLLLRATICH
: rad rad/sec rad/sec/sec
- 0.064 G.36 . 5.62
2 33,28
G.C64 v.49 7.74
3. -29.,97
0.064 0.24 3.72
4 =-123.7%
0.042 =0.01 -0.12
5 =-52.04
G.021 6.02 0.98 ‘
6 - 37.45
0.053 Ub.06" N 1.06
7 o -176.85
0.042 =-0.23 -5.52
b .- B.23
0.053 .04 1.45
9 : U.36
. 0.042 -U0.22 -5.13
10 -168.01
0.042 -0,27 -6.49 .
11 =222.31
0.042 -0.61 -14.46
12 * v o =229.133
0.032 -0.51 -16.12
13- 203,813
0.053 =0.,37 -6 .97 _
14 8§50.90
0.042 0.62 19.62
15 ' 734.49
U.0132 0.87 27.71
To " 5831.75°
) 0.021 0,86 ) 41.07 .
17 ' ~246.93
G.021 u.45% o 21.25 . '
1t ’ =1011.78
U.,021 U.42 + 19.78 .
lg ‘519-7“.
0.0z1 .19 6.86
2U

s



7 (
ANGULAR KINEMATICS : TRULK SUEJLCT 5 KONPLEER
FRAME4 TIME DISPLACEMERNT VELOCITY ACCELFTATICN
rad . " rad/sec rzd/sec/cec .
1
0.053 0.09 1.78 ’
2 . o ~33.07
0.053 0.00 0.05 _
3 -44.05
0.053 -0.03 =0.53 ’
4 -14.48
0.084 -0.06 -0.71
5 ' -6.73
0.053 -0.05 -0.99
6 -1.41
0.084 -0.07 -0.81
7 ' ’ 0.72
0.032 -0.03 -0.94
4 ’ , -12.45
0.042 -0.006 -1.53 ‘
9 ' -15.73
0.053 ~ =0.06 -1.52
10 -36.19
0.053 -0.18 -3.33
11 0 =19.91
0.042 -0.11 =2.57
12 -102.83
: 0.032 -0.26 -8.19
13 - =0.83
0.042 -0.11 -2.60
14 : 204 .87
0.042 -0.03 - -0.66
15 , ’ oo ~22.48
0.032 =-0.05 -1.65
16 ‘ 41.44
0.032 0.03 0.86 _
17 - : s 67.69
0.021 ) 0.01 0.48 ,
18 , , : - 72.41
0,021 0.06 2.76
19 - ; -54.39
6.021 0.02 0.99
20



e e e mr e mde e m s e e e e
ANGULAF KIMEMATICE : L. THIGI SUBJEC?T 5 NONPRLE
FI.AME$ TIIE DISFLACEMEN1 VEIOCITY ACCCLLEATICHK
) rac rad/ cec rad/sec/ cec
1.
0.053 . =0.13 ~2.49 \
2 2.39
0.0513 -0.12 =2.136 ]
3 7 - . &7.59
0.053 -0.05 -1.04
4 * ‘ ) 3%.usB
0.084 -0.03 -0.31
5 : ' 314.75
0.053 0.07 1.33
6 38.16
: . 0.U84 .19 2.30 )
7 ) b4 -3.69
0.032 0.03" 1.08
8 =7 - 2e6.10
0.042 6.16 3.80 .
9 , " 107.89
0.053 0.26 5.05
10 , ~20.37
0.053 0.15 2.84
11 . . : -114.01
0.042 -0.,04 -0.94
12 o -175.71
. 0.032 -0.17 -=5.46
13 ‘ -323.0b
0.042 -0.54 »=12.81
1a ' =204 .59
6.042 -0.55 : -12.94
15 ] T 102.90
0.032 -0.27 -8 .49
le ) ' - 326.49
0.032 -0.03 -0.98 |
17 - ' 140,32
. 0,021 =0.09 -4,07
lu ' : ' =15%3.80 -
¢.021 -0.11 -5.02 _
19 : , " =20.50
¢.021 -0.11 S -5.45
2@ . -



FRAMLS “11L

10
11
12
13
14
15
1¢

17
18
19

20

G.053
0.053
0.053
0.084
0.053
0.064
0.032
0.042
U.u53
0.053
0.042
0.032
0.042
0.042
0.032

0.032

g.021

0.021

v.021

LISPLACLMIRN
raca

VEIOCITY
rac/ cec

SUBJECT 5> NONPEEF

ACCLLEFATICN
rad/sec/cec

-9.07
-13.17
-35.28
~16.06
34,75
123.89

201,52
. 557,40

498.19
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ANGULAER KINEMATICS L. FOO1 SUFJECT 5 NCNPRLE
R X
FRAMES TINE DISPLACCMENT VELCCITY ACCELEFATICH
_ . raa rad/ sec : rad/sec/sec
1 R
6G.053 ~-0.46 -§.,72
2 ) ) -6.29
G053 -0.48 -9,05%
3 25.55
0.053 . =0.39 -7,138
4 : 166.7¢
0.084 -0.03° -0.30 -
5° = 149,72
. 0.053 0.15 2.84
6 R 40.00
0.084 . C.21 2.47 .
7. . ~22.09
- 0.032 0.04 1.33
b 35.15
0.042 0.19 4,50
9 - ‘ 164.42
0.053 0.39 7.37
10 31.44
0.053 0.31 5.99
11 , 167.42
0.042 G.66 16.16" :
12 : ‘ 131.47
0.032 0.3y 12.20 . A~
13 : -379,73
0.042 - 0.09 2.21 :
14 , ; -828.17
0.042 -0.77 -18.24
15 . -790.32
v.032 -0.98 -30.99
16 - =267.18
0.032 -0.91 -28 .80
17 . S 333,03
b ) ‘ v3is, 22
0.021 -0.25 ' =12.04 -~ ,
19 ) 323,131
0.021 -0.11 -5,25 .



ANGULAR RINCMATICE TRULK SCVyJECT 5 PRET
FRAMLY TIMEL GISFLACLLENT VELCCITY FCCUTLLIATICN
rad rad/sec rad/sec/sec
:
1 ,
0.0t4 -G.09 -1.11
2 31.71
0.064 0.11 1.56
3 1.33
6.021 -0.02 ~1.00
i ’ . !E‘i33
¢.032 0.04 1.22
5 66.75
0.042 6.03 0.7¢ '
6 : -46.69
. 0.042 =Q.02 -0.49 b
7 0.5v
0.061 u.0b 1.013
b S0.36
0.042 0.09 2.15 )
9 -5.03
0.042 6.03 0.77
10 -9.30
v.042 0.u7 1.76
11 , 61.12
0.042 0.14 3.33
12 29.66
0.042 0.113 3.01 )
13 10.40
. G.042 0.1 3.77 ;
14 -87.08
0.032 =C.02 =0.65 :
15 =85.07
G.032 V.02 0.64
le bd, 58 4
U.021 G.ud 2.02
17 -68.71
0.021 -p,02 =l.1e :
18 ‘ . : =66.21
0.021 *0.01 0.63 .
19 =104.51
0.021 =3.45 '

20
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ACCEIEFATIOL
rac/cec/sec

-55.91
19.61
90.75

239.90

253.45
25.92

1L6.39

<«
ANCULAF KINLMATICE F. THICH
rEAMLE  TIML L ISPLACLENT - VLLCCITY
rad rad/ cscc
1
0.064 0.31 3.74
2
‘ 0.084 -0.07 -0.81
3
0.021 -0.013 -1.27
4
0.032 = 0,09 -2.73
5 \ ,
- 01042 “D-QE} Elgsg
6 J '
0.042 -0.14 -3,23
;
0.063 -0.11 -1.69
)
0.042 -0.19 -4.46
9
0.042 -0.19 -4.63
10 '
11 _ _
0.042 -0.03 -0.81
12 7 . 7
0.042 0.27 6.45
13 -
0.042 0.41 9.83
14 ~ .
6.032 .24 . 7.67
15 ¢
: 0.u32 0.53 ' 16 .68
16 o
) 0.021 0.05 2.20
177 v .
0.021 0.01 g.7C
13
v.021 0.11 5,22
19 o
0.021 G.17 £.26
20 ‘



FFAME#

11
12
13
14~
15

leé

TIME

0.084
0.004
0.021

0.032

-0.14
-0.13
-G.22
-0.09
-0.03
-0.11
-0.30

"Q- 3b

VELOCITY
rad/sec

152

ACCLILFATICL
rgé/sééfsec

. ~18.29
-55,73

16.19
55.11
—16374
-157.5¢
=}I,T!SM,L).‘.;
214,03
552.90
655.92

€l.Cé6

h

~96. 31
~850.03



ANGULAR KINEMATICS F. FOCT SULJECT 5 PFEF
\
FRAMEE TIMLE DISFLACLMLEET VELOCITY ACCLLI FATION
: rad ‘rad/sec rad/sec/sec
1 .
0.0b4 : 0.67 7.98
2 : ( =-24.74
0.084 0.50 5.90
3 31.03
G.021 0.22 10.58 :
4 - -306.32
0.032 =-0.32 - =10.1¢ .
5 =204.82
0.042 0.22 5.21 -
6 216.01
0.042 -0.09 =2.25 .
7 . -226.71
0.0613 -0.27 . =4.32
8 ] , . 17.22
0.042 -0.06 . =1.34
9 16.82
0.042 -0.14 -3.43
10 =306.46
0.042 =0.60 -14.21
11 ' -138.E9 /
0.042 . =0.39 -9,27 :
12 77.04
' 0.042 =0.46 -10.98 .
13 - 194.54
0.042 -0.05 =1.10
14 - ' 596,20
0.0132 0.44 14.06 ’
15 : 714.10
] 0.032 0.79 25.15
le _ 410.2¢8
, 0.021 0.57 26.99
17 : . -163.46
0.021 0.44 20, b6
18 =173,24
) 0.021 Q.49 21,1315 |
1Y . =743.02
0.021 0.1o 7.,75%
20



APPENDIX B

LINEAR VELOCITY DATA

o



LINEAR VELOCITY DISTAL END PCINTS FCR T[HICH,LEG & FOCT.

IN m/sec FCR THE LEFT SIDE:

12
13
le
15
lo
17
18
19

SUBJECT O NONPREF



»

———— - - ———— - — - - — ——— - == = k=

LINEAR VELOCITY DISTAL ENC POINTS FCR THIGH,LEG & FCOT.

In

mn/sec PCR

THEE RIGHT SIDE:

- G - - - = =

PRAMES
i
2

10
1
12
13
14
15
16
17
18
19

E1P

KNEE

2.65
2.%2
.23

ANKLE

156



10
1
la
<13
ls
13
16
12

1

LINEAT VLCLCCITY CISTAL

I

w/sec FCIL TIUL LIFI

gt FCINTE FCR TEICH,LEC & TCCT.

SI0L:

SULCJECT

PCYFFLCF

- - e . - - —— = Y - - . > — ——— - = - -

157



LILCAP VELCCITY DISTAL LUL PCINIE FGF TLICH, LEC ¢ ECCT.

I.. a/s&¢c FCL TI.Z TICLT ZIDE: ECEJCCT 1 FIEF
FIlu.U® I.IF LIV MIXIC
i
1.24 2. 1C +.E6
1.41 z.ub 4.:6
3
2.113 2.42 3.15§
.
3.98 1,82 1.60
S
4.08 P | 1.87
)
z.52 .48 U,
7
-=.08 1.51 v.ls
°‘ *
1,212 1.Cc8 3.27
Y
1.87 1.58 1.26
1o "
4.47 1.55 1.55
11
- i.713 1,57 Jeze
12
£.04 6.E9 £.32
13
4.64 6,86 9.03
14
l.48 10,31 11.45
15
i.71 9.08 13.27
le
1.38 1.28 17.5%9
17 : .
1.69 1.186 11.497
1o
1.78 .73 11.¢7
15 .
1.1¢ 5.5% c.5%



LIVEAF VELCCITY
1. -/sec FCR %L FICET £1
fFTA L3 L.IF
1
1.61
1.64
3
2.%83 .
< -
s.28 :
5
2.70
9
4.11
7
}.22
L]
3.45
5
2.t
1¢
4.47
11 :
r 4.43
1. .
4.62
13 .
£.09
1s
3.40
18
4,07
io
a.54
17
1.15
lv
4.00
15
1.9¢

CE:

c1ZTAL CNL ECINTE FCO

T, LR ¢ FCC

- - - - —— - . — - S

" RLCE
4.06
3.%6

C3.21

o &> W)
. -
() &
[ 3} w

(3o}

[
.
—
9 o

.

~TKELE

‘. L4
5.3
g0l
.05

2.33)

[

£.54
.51

6.78

LX]
.

'
gy



_LILEAF VELCCITY CISTAL

It T/3e¢c FLP

FEALES
i

SLE

i.49

J.ub
G.74

y 1.13

11.139
N 9.05%
€.7¢

gl



LINEAR VELOCITY CISTAL ENLC PCIKTS FOR THIGH,LEG & FCCT.

I m/sec FCF THE LEPT SICE: SUBJECT 3 HOHPREF

FEAMES ne - KNEE ANKLE
1
1.12 3.83 4.89
i
: 2.45 2.97 5.6¢
3
1.27 1.15 5.5
4
3.0} 2.67 3.60
5
1,52 2.60 .99
6
2.50 2.36 ¢.1e
.
3.37 1.50 0.55%
6 }
1.99 2.3} 0.13
?
4.08 0.21 1.14
10
31.45 1.19 0.63
11
4“7 2.15 1,31
12
5.51 6.11 5.2%
13
3.93 .32 8.70
14
1.78 10.48 11.66
1%
3.10 1.09 15.7
16
4. 36 3.24 18,77
17,
1.3 31.2% 14.27
18
. 1.59 469 10.61
19 :
0.72 .80 8.6
..
by



Il a/sec PCR THE RICHT SIDE:
P FAMES HI P
l = _

2.8%
i 2.43

)
2.08
‘ = - =
3.213
s - = =
2.70

[
! 3.39

7
1.08
6 J—
lquv
’ = =
3.16
10 B
.71

.11
4.39
12 o
4.59
13 N
4.18

le
1.87
15 4o )
ha 1.11
16 B
3.16

17
4.30

18
1.3

19
1.7}

4

16.+1
20.36
21.5]

20.5%3

14.47 .

8.%2

»



LINEAF VELQCITY DISTAL EAE PCINTS PCR THICH,LEC & FCCT.
IN a/sec PCR™TUE LLPT s{ot: SULJECT 4 NOLPREF

1o
17
18
19

ANELE




L7
LILEAR VELOCITY CISTAL ENf FCINTE FOR TIIICH,LES & FCCT.
Ih £/sec FCR THEL FICHT SIDE: SUEJECT 4 FRCF
FEAICH iIe KLEE MKELE
1
1.91 5.11 5.15
F3 ¥
1.47 4.66 6.u4
.2 1.17 31.31 5.74
T
. 3,717 .11 1.417
5!
3.27 1.31 2.06
a -
3.10 1.44 0.61
.
: 5,01 1.21 0.32
a
4.12 0.87 G.24
)
4.30 1.04 1. 16
lu .
.68 2.10 1.7}
11
5.04 5.413 = 1.1
i
4.95 7.8% 6.67
| 13 - 7
4,02 9.06 9.26
14
1.381 11.3¢ "12.41
. 15
1.88 7.29 17,72
ls '
1,12 i.71 19,133
17
1,97 2.97 16.54
i T
1.01 4.07 12.52
ly *
G.69 6.49 9.92
%



LINEAF VCLCCITY CISTAL ENC PCINTS FCR THICH,LLG & FCCT.

~
1. m/sec FCR 1HE

rratae

10
11

14 v

14
15
le
17
16

19

LEFT SIDE:

SUEJECT 5 NCHFFEF

LIE ANLE ANKLE
2.22 b 1.63 .54
2.66 3.63 6.01
2.44 3.19 6.40
3.18 3.23 1.62

o 2.18 0.2%
3.26 2.26 G.40
2.93 1.67 0.23
416 1.66 0.66
3.44 1.3 1.30
4.22 2.58 1.67
3.80 5.34 4,52
6.52 6.80 1,09
144 9.58 9.13 ‘
.08 9.69 11.66
2.87 6.30 “ 14,71
1.64 ' 2.00 15.64
1.51 2.6) 11,57
1.99 4,02 S 9.0
2.16 .13 ) 5,95



LIKEAL VELCCITY DISTAL IZLL FCIKTE FCR TIIG,LCG & FCLT.

Iis m/wec FCR THC PICHLT SICE: SUBJECT 5 FREF
FFAMLY LIP RICL AlkLL
i
1.70 1.88 5.57
-g -
1.64 2.99 5. 46
3
1.63 2.20 1.19
4
1.5¢6 2.37 1.66
5
1.25% 2.132 0.5%
o
2.60 1.95 C.44
3 5
31.49 1.68 J.11
8 -
4.20 1.21 .24 -
9
1.48 1.10 1.317
10
4.19 2.47 1.7}
11
4.1 4.51 1.88
12
=4 1,64 7,10 7,06
13 . :
* 4,78 9.48 9.6
1s, :
) 1.74 ) 7.15% 11.24
1%
i.32 10.36 16.02
le
] 5.08 1.7¢ 19.96
17
1.1 i.80 14.42
is
1.7% . 3.17 lu.586 *
1w :
0.65% 4.64 3.5%
. . ‘



oy

APPENDIX C

CENTRE OF MASS VELOCITY DATA .

T

167
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“MNN“##H“H”++*#”#Q¢¢0HH##NQO#**H&M**#*HH%##

CENTER OF MASS DETERMINATION FOR SUBJECT # O - NON PREF

#M““HH##“O#“NNHMNMMN##HN“#**#WH&#HHH*#

FRAME) CP CCORCINATES DISPLACEMENT VELOCITY
X Y Hor. Ver. LIN. Her. Ver. LIN.
1 59.34 34.28
. -0.0€ 0.01 0.08 -1.J1 0.12 1.32
2 57.69 34.43
_ -0.09 0.02 0.09 -l.44 0.39 1.49
3 55.88 34.92
-0.10 -0.01 0.11 -1.66 =0.22 1.68
] 53.79 34.64
-0.09 -0.02 0.10 -1.49 -0.26 1.5l
5 51.92 34.31 )
-0.10 -0.04 0.1l -1.58 -0.64 1.70
6 49.94 33.51
-0.19 -0.05 0.19 =1.79 =0.49 1.85
? 46.19 32.49
-0.25 0.03 0.25 -2.39 0.26 2.4l
8 41.18 33.04
, -0.17 -0.00 0.17 =2.70 =0.00 2.70
-9 37.79 33.04
€ -0.25 0.01 0.25 -1.42 2.15 2142
10 32.77 33.26
, ' -0.17 -0.00 0.17 =3.18 -0.04 3.18
11 29.44 33.22 :
-0.19 0.03 0.19 -3.57 0.64 1.63
12 23%.70 33.89
-0.40 -0.00 0.40 =31.80 =0,04  3.80
13 17.75 33.80
-0.18 ~0.01 0.18 -3.37 -0.27 3.38
14 14.21 33.53
_ -0.13 0.06 0.15 -=2.54 1.21 2.8l
15 11.55 34.79
-0.06 0.02 0.07 =3.05 0.81 3.1%5
16 10.28 35.13
-0.02 0.03 0.03 -1.46 2.54 2.93
17 9.97 35.66
o -0.05 0.03 0.06 =2.46 1.30 2.78
18 8.94 36.20
_ -0.04 0.04 0.0S -1.74 1.86 2.54
19 8.21 36.98
-0.04 0.04 8.06 -2.08 1.73 12.71
20 7.34¢ 371.11

it



S——— ——— e

PLP P EL PP P PE PSSP TPt P 4t T4 ¢ ++ b bt o FE R R R R R R e

CENTER OF MASS DETERMINATION FOR SUBJECT # 0O - FREF

Q“N“NHNHMNHWNﬁ"ﬂ”“##*lﬁﬁ#**ﬁﬁﬁ-***+*ﬁﬁ*ﬁiﬁk*

FRAMES (1t CCOFTINATES D ISPLACEMENT VELOCITY
X Y Hor. Ver. LIN. Hor. Ver. LIN.
- 1 11.04 44.63
0.11 -0.01 0.11 1.67 -0.08 1.67
2 13.08 44.513
0.11 -0.04 0.11 1.69 =-0.63 1.80
3 15.14 43.75

- 0.22 -0.09 0.24 1.77 =0.71 1.90

.4 19.43 42.03
L 0.14 -0.01 0.14 2.60 -0.20 2.61
5 22.08 41.82
0.21 0.00 0.21 2.79 0.03 2.79
6 26.04 41.86 _
0.22 0.03 0.22 3.02 0.38 3.06
) 30.35 42.40
0.10 0.01 0.10 ° 3.02 0.23  3.03
) 32.19 42.5¢
0.18 0.02 . 0.18 3.42 0.32  3.43
9 35.65 42.86
0.19 0.01 0.19 3.69 0.28 3.70
10 39.40 ¢3.14
. 0.20 0.02 0.20 3.72 0.30  3.73
1l 43.17 43.45 .
- 0.19 0.01 0.19 31.67 0.17 3.68
12 46.90 43.62 ~
0.22 -0.04 0.22 4.10 -0.69  4.16
13 51.06 42.92
; c.0e -0.03 0.09 - 3.69 -1.34 4.1l
14 52.64 42.38 [
0.09 -C.01 0.10 . 4.49 =0.59  4.5)
15 . S54.46 42.14
: 0.31 0.09 0.32 3,69 1.11  3.86
16 60.46 43.95 : . :
0.04 0.01 0.04 1.65 0.50 1.9l
17 61.21 44.15
0.05 0.04 0.06 2.25 1.73  2.84
18 62.12 44.8% :
0.05 0.06 *0.08 2.319 2.66 1.58
19 63.09 45.93 . , ,
0.03 0.04 0.0%5 1.67 1.85 2.49

2 63.76 46.68 [

ot
]



PR R e N ek ko Ll S b o Ak A e bbb e ek kb b ok bk ek ek o ek ok

CENTER OF MASS DETERMINATION FOR SURJECT ¢

1 - NOW PREF

0*““”00““#4—?****‘!‘*EEHHHH&**H#**HH#HH#-}F&H#+F&#

FEAMES OM CCCPLIN
X

[ T U WIS I

w o - o

10
11
12
13
14
15
16
17
18
19
20

91.61
90.40
88.52
66.95
84.57
81.92
77.74
73.48
70.14
66.96
63.83
60.22
$6.07
54.90
54.04
52.29
§1.97
51.34
50.99
50.50

ATES D ISPLACE
Y Hor Ver
29 .90
-0.06 =0.C2
29.49
=-0.10 -0.01
29.27
-0.06 .-0.01
29.00
=0.13 =-0.01
28 .82
-0.14 -0.02
28 .50
Q.22 0.00
28 .50
=0.23 0.02
28 .86
< =0.18 0.04
29.65 -
=0.17 0.02
30.00
=G.17 =0.01
29.75%
) =C.19 -0.04
29.08
=0.22 -0.04
28,21
=0.06 0.01
28 .36
-0.05% 0.01
8 .48
=0,09 0.C3
29.08 .
=0.02 0.01
9.34
=0.03 0.01
29.56
-0.02 0.02
29.97 .
=0.03 0.06
31.01
i
-

VELCCITY

Hor .

=2.c4
-2.39

=2.66

Ver.

1]
=]
"
Nondt
I

"
g
<Y

0.
0.
0.

® W
-

1.04

.68

2

o™

LIk,

2.15

L]

.41

2.70
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FPAMD#

L]

CENTER OF MASS DETERMINATION FOR SUBJECT # 1 - FRKF

CM CCORCINATES
4

X
11.21
14.30

17.57

35.135
315.49
34 .82
4.7

34.42

DISPLACEMERT

Hor. Ver.

0.18 0.01
0.19 -0.04
0.22 -0.03
Gg.0%5 0.01
0.05 -0.02
0.33 0.02
G.l8 0.01
0.39 0.03
0.17 0.04
0.18 0.0l
0.17 9.01

0.19 -0.06

0.14 -0.03
0.06 0.02
6.12 0.04
0.06 0.02
0.03 0.03
0.02 0.03
0.03" 0.04

LIN.

0.18

0.18
7

'™

0.

0.20

VELECITY
Hor . /&Y .
1.71 0.08
1.81 =0.37
2.10 -0.30
2,56 0.41
2.36 -0.73
2.61 0.14
2.92 0.21
3.12 0,28
3.32 0.69
3.41 0.11
3.19 0.13
3.6% -1.08
3.43°-0.73
2.00 0.49
2.92 0.9
1.78 0.64
1.19 1.39
118 148
1.19 1.70

4 5%

f . .

Ao b o ek

P A N R e & E R o b

LIF.

-
e}
-

[N
»

Yt
-

3
.

-
~dk

It
"

L
L]

1.319

3.l
31.19

i.go
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CENTER OF WASE DETIRMIRATION FOR SURJECT / 2 - NON FRIF

st o b e b e ek b ek ek e ek o e el ik b b dek ok ek ek el ek bk ek ok ok ek ek

FRAME$ CO¥ COORCINATES DISPLACEMENT VELOCITY

) 4 Y Hor. Ver. LIN. Hor. Ver. LIK.
1 '20.33 28.90
0.14 0.02 0.14 2.17 0.28 2.18
2 22.25 29.13
0.14 =0.00 0.1l4 2.15 =0.07  2.1%
3 24.14 29.06
6.15 -0.02  0.15 2.37 =0.28 2.38
4 26.23 28.82 : .
0.15 -0.04 0.15% 2.37 =0.67 2.46
5 28.32 28.23
0.22 ~0.01 0.22 2.66 =0.13  2.66
3 31.46 28.07
0.18 -0.81 0.18 3.42 -0.19 3.42
7 33.97 27.93
6.17 -0,01 ©0.17 1,23 -0.16  3.21
8 36.3% 27.81
0.10 ©0.060 0.10 3.28 0.08 1.:8
9 37.80 27.35%
0.13 6.02 0.12 3.09 0.36 3.11
10 39.62 28.06
0.23 0.01 0.23- 3,72 0.15% 1.73
il 42.90 28.19
/ 0.23 0.06 0.24 3.71 1.00 3.84
12 46.18 29.¢C7
.22 0,01 0.2 1.5% 0.41 1.58
13 49.32 29.44
0.17 -0.01 0.17 4.16 =0.13  4.16
14 51.77 29.36
0.23 -0.03  0.23 3.67 =0.46 1.70
15 55,01 28.95%
.20 0.04 0.20 31.78 0.68  3.84
16 57.79 29.45
. 0.11 0.04 0,11 2.57 '0.93 2.7}
17 £9.30 30.00
0.05 ,0.04 6.07 1.66 1.39 12.17
s 60.01 30.62 :
0.04 0.06 0.07 * 1.97 2.81 1.41
19 650,61 31.44
0.0 0.03 0.05 1.53 1.6% 2.25
20 61.06 11.91

[
"~
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CENTER OF MASS DETERNINATION FOR SUBJECT # 2

- ey

*****#***#***##**#***&***********#*********#**********#*#**i#****

FRAME ¢

[

i Lo

(7]

C1. CCCRCINATES

X
97.18
96.11
95.26
92.18
90.88
87.80
85.48
82.43
81.59

78.15

Y
30.01
30.34
ic. Nl
29 .80
29.64
29.08%
28.73
28.52
28.38
28.32
28.133
28.7¢0
28.20
27.87
27.94
29.12
29.9¢8
30.38
30.93
31.67

Hoe.

-0.09

-0.06

CISPLACENEY

ver .

QEDE
=0.C0
-0.03
-0.01
=-0.04

-0.02

3 -0.00

0.00

~0.03
-0.012
¢.o0
0.08
0.06

0.02

T

LIN.

0.09

0.06

0.09
0.C5
0.04

0.06

=-0.45%

-0.52

.50

[ o

1.37

1.16
1.36
2.33

[N
.

~d
]

[~ ]

.14

1.39

.78

1.18
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¥ .

CENTER OF MASS DEITEEMINATION FORL SUMECT 4 3 - NOW e

o b ok b b e e R e ek kb ek dekoiok ek bk ek ok ok o ek b b ek kb b

FRAVES
X
1 100.78
2 96.71
3 91.47
4
'5 s
6
7 84.84
8 81.96
80.68
10 79.47
11 76.36
12 73.12
13 70.38
14 66.93
15 65.40
16 63.99
17 62.90
18 62.41
19 61.72
0 61.22

CM COCRDINATES

Y

317.20
16.93
36.51
316.13¢
36.41
36.50
36.58

D ISPLACEMENT

Hor. Ver. LIN.
-0.22 0.04 0.22
-0.12 0.21 0.12
-0.14 0.03 0.14
-0.15 0.01 0.1%
-0.09 -0.01 0.10
-0.14 -0.02 0.14
-0.16 -0.01 0.16
-0.07 0.00 0.07
-0.07 0.00 0.07
-0.17 0.00 0.17
-0.17 -0.00 0.17
-0.1% -0.01 0.1%
-0.18 0.01 0.18
‘«0.08 0.03 0.09
-0.08 0.05 0.09
-0.06 0.02 0.06
-0.03 0.02 0©.04
-0.04 0.04 0.06
=0.03 0.03 0.04

~ VELCCITY
Hor. Ver.
=2.07 0.41
-2.30 0.28
=21.%7 0.5%7
-2.88 O0.18
=2.99 -0.46
-3.6§2 =0.42
=2.96 =<0.1%
=3.27 0.14
=3.11- 0.121
-3.1% 0.09
=3.32 =0.02
=31.5% =0.22
=3.51 0.10
=2.62 0.94
=2.41 1.64
=2.78 1.14
=1.26 1.14
-1.71 2.06
=1.27 1.40

L] Lo (™1 [ 3] -~
‘ .

o

.01
.70
.71
-89



ded ek e e e e ek ek e Al ek ok ok ek o Aok ok ek it e b ik ko ok R R R e e e
=

LENTER OF WASS DETERHIRATION FOR SURJECT # 3 - FREY

FRAMES OCM COORLCINATES DISPLACCMERT VELCCITY
X Y Hor. Ver. LIN. Hor. Ver. LIE,

17.77 il1.88

0.12 -0.00 0.12 2.3 -0.C8% 2.36
2 20.13 21.83
0.1 0.01L 0.13 2.47 0.20 1.48
3 22.60 22.02
6.13 0.02 0.13 2,38 0.40 2.42
4 24.98 22.42
" 0.1% 0.04 0.15% 2.78 0.71 1.87
5 27.76 131.12 .
0.08 -0.02 0.09 2.67 -0.51 1.72
[ 29.36 22.82
0.07 -0.00 ©.07: 3.17 =0.03 3.17
7 30.42 22.91
0.1% 0.00 0.15 2.9 0.07 2.93
] 311,55 22.87
0.09 =0.01 0.09 g 2.94 =0.22 2.95
9 35.31 22.74 )
0.17 =0.00 0.17 3.31 -0.01 3.31
10 38,61 22.74 .
0.1% 0.00 0.15 2.78 0.0% 2.78
11 41.39 22.71%
0.1¢ =0.01 0.18 1.46 -0.13 1.46
12 44 .84 22.63
0.2 =0.01 0.2) 31.66 -0.17 3.6
13 49.23 21.46
0.18 -Q.02 0.18 1.45% =0.10 .47
14 $2.68 22.16
0.10 0.03 0.10 2.38 0.87 2.47
15 34.58 21.6%
0.6% 0.03 0.06 2.27 1.4 2.%9
16 $5.49 21.26
. 0.0% 0.00 0.0% 2.38 0.04 2.38
17 S§.44 231.20
: 0.0) 0.0% 0.06 1.66 2.34 1.87
18 $7.10 24.22
: 0.02 0.063 0.01 0.76 1.3% 1.3%
19 §7.40 24.76 3" )
.01 0.02 0.04 1.48 1.13 1.86

.
-]
-
~
.

-
i‘\
[
™
-

[
>

>
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CENTER OF MASS DETERMIMATION POR SUBJERCT # 4 - NOW FRAEF

PLPIP PSP 0P PP PP 40 P02 P2 4P TE S 1P PP PSP PP 4 20 4P 42 $0 S FHTH R TR ¥

FRAME ¢

1o
11
12
13
14
15
16
17
18
1y
20

CM CCORTCINATES
X Y

56.29 29.31
$3.91 29.37
$2.02 29.78
49.70 30.16
46.91 30.68
44.62 35.50
41.91 31.34
38.19 31.08
34.77 30.91
32.76 30.85
29.60~}0.72
7;5.7u.;o,09
25.31"?9'.57
18.98 29.14 '
16.98 29.50
15.57 30.01
N.63 30.66
1489 31.01
13.52 31.43

12.68 32.14
r

DISPLACEMEFT
Hor. Ver. LIN.
-0.12 0.0¢ ¢.12
-0.1¢ 0.02 0.10
-0.12 W2 o.12
-0.14 0.03 0.15
-0.12 0.03 0.12
-0.14 0.00 0.l4
~0.19 -0.01 0.19
-0.18 -0.01 0.18
-0.10 -0.00 0.10
-0.17 -0.01 0.17
-0.19 -0.03 0.19
-0.13 -0.03 0.13
-0.22 -0.02 0.22
-0.10 0.02 0.10
-0.07 0.03 0.08
-0.05 0.03 0.06
-0.02 0.02 0.02
-0.04 0.02 0.0%
-0.03 0.04 0.0%

VELOCITY

hor.

Ver .

L]

LIN.

[ X]
.

L -]
e

ot
™~
Rk

(™
N

(]
™

e
N

L
"

-
o
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D e R X T o R e e e L e e e Y P RS I R o o R Rl ol o S RS e

CINTER OF MASS DETEBMINATION FOR SUBJECT ¢ 4 - PREF

0“““0##0“““”“00”““N“#Q“O#“N#‘N“*Q?‘QO“#“%#

FRAMES CM CCCRCINATES D ISPLACEMENT VELCCITY
X Y llor. Ver. LIN. llor. Ver. LIF.
‘. 9.40 36.70
' 0.16 -0.02 0.18 2.49 -0.25 281
3 12.34 26.41 _
0.14 ©0.02 0.14 2.21 0.32 2.24
3 14.95 36.78
0.18 0.05 0.19 2.69 0.85 3.0l
. 1£.36 37.78 )
0.13 0.04 . 0.14 3.13 0.96  3.27
5 20.80 38.53 S
0.07 0.01 .0.07 3.16 0.52  3.20
3 22.03 38.73 :
0.16 0.01 .0.16 3.06 0.24 3.07
7 25.01 38.97
0.16 0.00 0.16 3.90 0.01 3.90
s 28.06 38.97
0.18 -0.01 0.18 3.43 -0.26  3.43
9 31.40 32.78 v
¢.15 0.01 0.15 3.3 0.32  3.54
10 34.15 39.03
_ 0.15 -0.00 0.1% 3.52 -C.04  3.52
11 . 135.90 39.00 .
0.16 -0.02 0.16 3.81 -0.43  3.83
12 39.88 38.66
L _ 6.11 -0.05 0.13 3.63 -1.64  3.98
13 42.00 137.70
. 0.19 -0.02 0.19 3.83 -0.45  3.%6
14 45.45 37.26
0,100 0.04 0.1l .2.40 0.99 2.60
18 47.32 38.04
0.09 0.03 0.10 3.00 1.11  3.20
16 49.07 38.69 _ .
0.05 0.03. 0.08 2.21 1.20 2.52
17 49.94 39.15
0.05 0.04 0.06 2.30 1.74¢ 2.88
18 $0.83 39.83 _
0.02 0.03 0.04 1.17 1.5 1.91
19 51.29 40.42

0.0 0.0 0.04¢ 1.2¢ 1.7 1.85%
20 51.78 40.95% :
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- <l" : / T

Aadl X o2 o 22 22 R NN“M“OQ##”NMNO‘#OOO#Q“ ladhad D a2 o X o RS TR RN

&
CEXTER OF MRSS DETERMINATION FOR SUBJECT # S - NON PREF

0“““““04“““4#“““H#NO*#“NHNQ*#“ Abadad 28 o Ko TR SR SR

FRAMES CM COCPLINATES CISPLACEMENT VELOCITY
X Y Illcr. Ver. . LIY. Her. Ver. LIN.
1 89.45 26.66
~0.12 0.01 0.12 -2.27 0.21 2.23%
2 £7.40 26.8%
-C.12 -G.01 0.12 -2.33 -0.12 2.33
3 85.3C 26.74
-0.13 -0.01 0.13 -2.41 -0.26 2.42
4 83.13 26.51
-0.24 -0.02 0.24 -2.831 -0.29 2.54
S 79.08 26.09
-0.14 -0.02 G.1¢ -2.67 ~0.29 2.6
6 76.65 25.83
-0.27 -0.00 0.27 -3.18 -0.03 .18
7 72.06 25.80
-0.09 -0.00 0.09 -2.77 -0.03 2.17
8 70.57 25.718 . .
-0.15 9.01 0.1% -3.59 0.30 3.60
4 9 67.98 25.99
-0.18 0.01 0.18 -3.35 0.13 3.35%
10 64.96 26.12
-0.17 -0C.cCl 0.17 - -3.21 -0.25 3.22
‘11 62.07 2%5.89
-0.14 -0.62 0.14 -3.26 -0.43 3.29
12 59.72 25.58
-0.13 -0£02 0.13 - -3.99 -7 ¢ 4.04.
13 57.56 25.23 % .
-0.13 -0.02 0.13 -3.11 -0.45% 3.19% .
14 55.31 24.91
-0.12 0.02 0.12 . =2.87 0.%4 .92
-] $3.2% 25.30 .
. -0.06 0.C5% 0.08 -1.75 1.6Y 2.39
16 52.30 26.17
-0.08 0.03 0.07 . =2,0% 0.9% 2.26
17 51.19 26.69 .
. -0.02 0.03 0.04 -1.07 1.65 1.96
18 50.81 27.28 -
-0.03 0.02 0.03 -1.48 0.72 1.64
19 SG.286 27.54
-3.23 0.03 0.04 -1.3¢ 1.82 2.13

20 49.76 28.13
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0##‘#9009*##0“““0#“00“&”ﬂ##ﬂ#*““###”#NOO’#N“##O“O

CENTIR OF MASS DlT!lHliiTIOl FOR SUBJECT # S5 - PREF

#““ﬂﬂ“‘“ﬂ”NNNNOOO”04“H##*###OO##““O##“““*NN#

FPA!Z ¢

10
}l
S 12
13
14
13
16
- 17
18
19

CM CCCRLCINATES

X
28.78
<2.17
31.%7
34.47
36.17
38.53
40.84
44.66
47.36
49.99
$2.82
55.43
57.95%
6(C.83
62.3%
64 .01
64.91
65.68
66.26
66.92

Y
28.93
29 .05
29 .43
29.5%
29.52,
29 .49
29.44
29.47
29.39
29.66
29.79
29.82
29 .44
29.18
29.59%
29 .88
)

30.61
21.20
31.69
32.07

e

CISFLACEMENT

Hor.

0.18

Q.14
0.1%

0.08

0.09
~0.0%
0.04
0.03

0.‘4

Ver .

0.01

0.02

LM,

0.18
0.24
0.6
0.09
0.13

0.20
0.14
0.14
0.15%
0.14

VELCCITY
'lor. Ver. LId.
2.17 0.06 2.17
2.81 0.24 2.82
2.30 0.32 2.3 —
2.90 -0.0%  2.90
3.01 -0.05 3.0l
2,96 -0.07 .96
3.25 0.03  3.25
3.45 -0.11  3.45
3.36 0.35  3.3€
3.62 0.16 .83
3.33 0.0¢  3.33
3.23 -0.48  3.26
3.68 -0.37  3.70
2.58 0.67 2.67
2.84 0.52 2.89
2.30 1.94 3.01
1.96 1.50 2.47
1.47 1.2% 1.93
1.71 0.98 1.97

179
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APPENDIX D

ANGULAR RANGE OF MOTION DATA
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SUBJECT 0 NONPRLF

L

% gﬁ,

t 'I}'IHI(:E\‘ LEG>
0.000 173 116
0.063 161 125
0.126 156 133
.10y 144 146
U.252 133 150
0.315 123 151
0.420 107 138
0.525 119 131
0.568 125 132
0.662 143 C133
0.714 167 L 147
0.767 168 161
0:872 So1s6 . . 111
0.924 178 . 82
0.977 . 119 112
0.998 122 165
1.008 120 176
1.029 113 168
'1.050 97 AT

1.071 i 83 172

L ]

-3

- 105

107
10b
111
113
114
116
116
120
117
116
110

gs

87"

934
90
92
92

95
98

107
103
103
96
88
£4
80
85
70
66
74
89
127
134
1H8

- 123

129
136
124
121



>
SUBJECT 0 PREF

0.000
0.063
0.126
0.252
0.305
0.378
0.452
0.483
0.536
0.588
0.641
0.693
0.746
0.767
0.788
0.872
0.893
0.914
0.935
0.956

T>THIGH

153
144
136
113
117
123
129
133

149

178
163
150
153
155
167
137
125
119
112

90

126
136
145
149

144

136
133
135
141
150
156
157
116

99

86
130
172
172
173
177

74

74
74
70
72
72
69
68
69
73
76
82
91
95
98

106

100

100

101
95

Lo
0o
[ T

101
«l21
124
133
129
107
114
108
116



. S _— - s _ —

SUBJECT 1 NON PREF -7 . : "

‘ ”
v T>THIGH LEG> : T - F<LL
A . ) \ Ks,__,?""". )

# 0.000 118 143 115 7€
0 032 117 152 113 - 32
0.07a 117 148 112 89
0.10% 122 ! 137 111 85.
0.154 120 129 112 84"
0.210 129 221 108 - 75
0.294 142 126 111 69
0.368 178 140 105 81
0.420 158 157 : 101 95 .
0.473 147 166 99 117
0.525 v139 155 96 117
0.588 136 109 83 124
0.662 180 58 16 134
0.683 171 59 71 132
0.704 . 150 , 11y , 69 , 131
0.756 122 133" 66 131
0.767 127 149 64 121
0.788 122 - 172 65 A 128
0.809 120 172 . 63 113

P.830 125 169 ’ 60 111



y s
SUBJECT 1 PREF '
* /
t T>THIGH LEG> » T F<LL
= i
\\ £

0.000 . 160 - 99 82 80
0.105 126 112 15\ 81
‘ 0.210 . 114 142 71 \ 80
0.315 . 106 147 70 \ 17
E 0.336, . 112 144 72 i 81
_0.351) 113 139 75 . 8l
0.483 120 123 72 15
0.54%6 132 126 71 AR A
0.672 174 133 - 75 \gl
0.725 . 167 141 16 37
, 0.777 142 156 85 110
0.830 136 142 91 117
0.882 134° 107 . 103 119
0.924 146 . Bl 113 o 131
0.956 166 69 . 111 130
0.998 145 98 120 127
%5029 138 150 121 129
1.050 133 177 120 123
1.071 130 170 119 117
1.092 118 172 117 120
[ 4 ‘ R .



. t T>THIGH
0.000 . leo
0.063 137
0.126 = - 119
0.169 115
U.252 105
i U.336 106
U.389 . 120
J.nddl 129
0.473 . 1135
0.515 140G
0.57g 177
U.bdl : 161
0.704 144
0.746 149
0.409 164
0.801 137
0.903 130
J.935 g 114
0.956 112
0.977 98

=3

96
90

62
71
Tu
73

63
5u
57
04
HE)

116
125
134
105
129
123
123
121



*

£

t

U.000

0,053~

-7 0.105
v.210

" 0.263
u.357
U.420
0.494
0.515
0.599
"0.672
U.756

« 0.83u
Uped12
0.903
Jv.956

0.998

1.019
1.040
1.061

SUBJECT 2 PREF

.

’

T>THIGH

168

" 156
. 133
122
121
116
119
124

. 126
, 143
177
152
135
149
173
130
121

7 109
101
89

LEG>

102
112
122
151
156
151

139

130
129
126
129
150
132

94

81
111
179
174
175
178

Yot

-

102
105
111
113
1113
110
110
112
110
1G9
101
93
86
78
T4
77
g1
B2
84
87

* F<LL

95
96
95
90
32
66
7
71
6U
74
96
122
126
133
135
137
134
131
122



[ 24 i » &
SUBJECT 3 NONPREF

.t T>THIGH

0.000 , 166
0.1§5 124
0.158 J19
0.210 111
0.263 119
0.294 125
0.347 — 128
0.399 144
0.420 143
0.441 158
0.494 ° 177
Y 0.546_ 154
‘ 0.588 145
0.641 177
0.672 137
0.704 122
0.725 123
0.746 112
0.767 110

~  0.788 95

LS

LEG>

109
106
127
143

. 155

152
145

142 °

139
140
148
153
129
- 81

79
118
1ol
178
170

171

187

-*Vﬁ,/J e
T +  F<LL

' ’

113 101
o120 70
-118 83
121 7
121 . 76
119 ’ b 4
119 ' 76

. 116 77
117 ' 68
113 - ' 73
111 . 70
99 79

87 118

79 “ 120

. 81 ' 127

80 118

74 119

79 141

17 132

79 129
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SUBJECT 3 PRLF

M4}‘
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0.504 136 » 159 87 82
0.567 135 121 . § 95 125
0.620 . 158 84 104 143
0'.662 140 91 104 135
0.683 132 126 103 125 -

. 0.704 121 §4;4- 104 140
0.725 123 178 104/ 120
6.746 107 170 98 117
0.767 93 - 173 96 115

‘ . \\‘

N
\
-



N

SUBJECT 4 NONPREF

0.000
0.042
0.084
0.126
0.168
0.210
0.252
0.305
0.357
0.389
0.441
0.494
0.525
0.599
0.634
0.665
0.686
0.707
0.728
0.749

T>THIGH

‘130
117
101
100
108
111
131
161
177
175
152
137
139
155
136
123
131

120 -

117
112

7

LEG>

95

91

93
107
117
126
129
137
142
147
157
148
121

74

87
127
le6l
177
167
167

116
116
118
117
111

112

10
102
100
102
95
86

80 -

74

68
63

68
67

65

189

FCLL

94 ,
86
64
82
‘82
91
85
71
82
74
g7
120
119
113
102
104
95
93
91
99

F 3



T>THICH

170

142

111
‘110
120
125
142
-165
169
152
144
131

134

154

147

139
142
140
132
116

e

m
‘e
e

108

92
100
122
111
136
141
144
153
105
174

146

117

79°

v

117

153
17¢
163
17«

73
71
6o
67
65
69
70

15.

19

83~

Lo
94
99
163
106

112

113
112
111
108

F<LL

110
94
ad
95
101
96
66- N
94
85
96
107
119
125
137 .
130
126
114
119
114
108



>

SCLJECT 5 NONPRLF

t

6.00G -

v.053
G.105
¢:1z8
U.294
U.37¢8
U.410
U.452

U.5u8

0.557

0.599

0.630
vu.0672
0.714
- 0.746
G.777
0.798
Jv.819
0.840

1

T>THICH

1286
113

bt ot bt s it
LN W e = OO
w N Clwowy

169
170
156
178
136
124
121
11y
104
96

et et ot et et it pond  pmd
—_— RO RIPLE W B
NI VO N il VXU IV I SN

e
[NV < < JNe B oo YOO
= NN O W

ddNdd
~N O W R =

191

¢>
t5S
717
e
3

74
67
03

L.

£l

(YT
ParS

121
1238
130
129
120
120
117
119
117

.

J A\



SUBJECT 5 PRE

$%

r

. o

6,000
G.084
G.168
6..189
v.221
0.263
0.305
0.368
0.410
0.452
0.494
0.536
0.578
0.6240
0.651
V.683
0.725
0.746
0.767

F‘l -

134
104.

. 120
116
124
133
137
156
176
17
15’7.,
151
159
174
159°
122
130
126
121
“107

LEG>

96
111
146
144
145
141
141
135
140
150
152
136
100

81

94
110
1406
173
176
175

61
55
63
62
64
66
65
b
73
75
50
g8
95
104
103
104
106
105
106
101



b
Te
—
14
1 ]
APPENDIX E

" ELECTROMYOGRAPHY AND ANGULAR.
VELOCITY DATA

d

193



ﬁ, -

)

)

. w o

. . _

[
(3003-) (B91°*) (UBTUI¥) AdMdNON O 104r€AS
01'0 O00°'0C OT°0- 0Z°0- 0O£°0- OF°0- 0S°0- 09°0- OL O~ 08°0- 06°0-
- - } + “ + + +
) |
ANIL
LOVINOD ' - c .
ah

Z1-

81

o Bl OO B

[ 3= B

-« E

[



195

0T°0  00°0 O0T°0-

T

=

(3003-) (B237"*) (UBIYi+) 4Aud

0Z°0- 0€£°0- O¥°0- 0S°0- 09°0- 0L O-

A i L. d
T 1 L]

0 loarens

08°0-

e
-+

— - 81-

| . ”Nﬁl

ﬁ-ﬂéDQEHEF

« EODJd L

3\



196

T

-

)

‘o *
- .
(3003~) (B31°") (4B14Yd+) dIUANON T 12Erdns
0T°0 00°0 0T°0- 0Z°0- CE°0- 0F°0- 06°0- 09°0- O0L°0- 08°0-
L - 4 1 1 i i g -
v L o Ly ¥ L L LI L
JAIL

O




{I003-) (Bar-*) (u¥yya+) 4a¥d T LIEArens
0I*0 00°0 OT1°0- 0Z°0- OEL'0D- @¥<0- 0G0~ 09°0- OL°0- 08°0- 0670~

L. I L L X R
T 1 -1 . } -

ﬂTs

[*3) 3JIL

LY LNOD .

ol O

Ak

[&- 3= P BN - 4

-« E



198

. (3003-) (897" ") (uBIyl+) JAUINON € 1DAr€ns
01" 0 00°0 01" 0- 02°0- o€ 0~ oy 0- 0G° 0~ 09°0-

L L. A
L - T

i L
T LI L

+

{*s) 3JdlL

5 0 H B =

LIVLINOD

81

ve

0t

9t

< ZOD - L



199

(s)

JAIL

0Z" 0~

(3o03-) Mmma!!y (4314y2r4+) Jddd € 1J304NS

0€* 0-
L

0¥ 0-

4
L)

0S°0-

1L
T

09°0-

LOVINOD

-

s
L

SR Jd0o uHB =

€ E U D L



Ao

-~

)

\ _ (3003-) (891" ") (4BIyI+) 4FUINON § LDACENS
N1 0 00°'0 017 0- 02" 0- 0g” 0~ OF"0-  0G'0- 099~ 0L" Q=
— — + + + + +
, . ., ol )
,_.._,_.K-,, _
| - NAI
. /\\ = ;
. .. / - [}
. . - @l
.. .. /c ces e v s
A .o- ,ﬂ-o..
ﬁ.o-- -
[ > g
- & -
INIL g 0
. f.lf.‘... [
. . »................ 9
- /‘l
v
- -1
. ’ - 81
N \v/ X4
. - \
. ) { . A
_ N -
.. L - 0t
LOYINOD

> = OO e D

CZOD I



201

. (3003-) (831°°) (4YB1ya+) 4d¥d S 12Arqns . -
0r°0 000 nN1°0- 0z o-. 0¢ - 0- 0v-° 0~

0$°0- 09°0-

4 ; 4
T T

1 -4
T -t

LOVLHIOD : -

> K0 0 H B

€ 2ZODI <



[
01" o
dAWIL4-

000

01°0- 0Z°0-
-

(*s)

0E"0- 0% O-
i i

05" 0- 09°0-

oL"0-

dN-0-LN¥ JIL

08°2- 06°0-

00" 1-

4+ 3 + 4 + -t +——t
T - -0
. a. no B L TV T T ..-a-ai-_e.ai_.-..-g-?;, " .
N i & T Cann, “- - ... ¥ - 52 oy
il s 1.4 i |
HER i ‘ H - ps =
. HH - st
P& _ %

€L

)

LN

or*9 00°0 91°0-

, nZ"0-
(*s) INIL4 | _

0e” 0-

0% 0-

d-0~SWY1]

0s° 0- oL"0- 0873~

0977~ 06 " 0-
L

00T

no*1-

0
sz
0%
St
001

o . | : . . LT . » - - L] L _.,“P . - i,- -#,-.,ﬂ, --,h1 o |
TR
Sy ; AN |
t
LIYLHID ;
d2-0-53¢0J
010 00°0 O01°0- 0Z°0- aﬁiél_@ﬂL§| 05'0- 09°0D- 0L°0- 08°0- 06°0- 00°T1-
ﬁﬁimﬁ IWI L+ -+ et -+ + 4 ——r+ I
! P..n, J_.!b-;_. s Py - bl el I IS e S el -
Fe’™ _"_”. o iﬂlﬁ.
) nﬂ _.“n. - . - 8L

L2d LD

- 001



)
[ ]

00°7 J1°0- 0Z°0- 0€°0- Ob°0- 06°0- 09°9- 0L°0- 03°N- N6°0- 00°TI-

- d-0-LN¥Y a1t

™

d

*
00T

01" 0
{"s) 3WILt + + + + -+ + + + + ~ o
. ._._n.qlqa , yt .,.“.. LETTETEE .,-,.,{, IR cee® M ,.;,,.._..-i.,.;,.,. e .,,; i,,“:..;.,_._ R TI T .-,.,.. » ,W
. HI ¥ tH .- sz o4
,i,l ,“i“, - - ,, _ g,m, ~ “”é”s
| . . ) ) | - s¢
K L ,, -
% 1-9-53¢1)

o1'o J0°0

01" 0-

nZ*0- 0€°0-

L

0v" 0-

1

'

05" 0-

-t

99°3= 0L'0- 08°)- 03°0- 00°T-

1
T

e e L
= T . -

("8} AWIL+

L
v

+

b

L

W,

U Rt

+
' L A,
L L by ¥ -

01" 0

LIOVLAJD

000 201°0-

P il I L L I
. -

0z D~
L

DE*0- 0% O-

06" 0-
L

09°9-

vy

d-0-3WYH

i
T L L

{*S) IWIL+

.

L
L

Iy
T

m,

L

LIELADD

T

0L"0- 08°0- 06°0- 00°T-
N

,, ' iy .



3)

dN-T-LUHW

01°0 ot 0- 02°0- O0€°0- O¥°0- 06°0- 097°0- 0L70-

08°0-

1 T b L 4 L ol ﬁ i—- “ .wﬂ
mihrﬁ_a\ . bl ,.,?-a,_l. :,.,s,_.iias,;n T L -
, , N " o P ",
1 K - - " .
.1-,“, m, = T TR . . !.- e e » |
* - o »
. w * T M
tH ¥, - | _
] * ]
3 :
| v -
f . ] -
H .

LI LNOD T

01°0
AWLL I

00°0 0T1°0- 0§Z°0- 0€£°0- O¥P'0-

"
L T

06*0- 09°0- 7L°0-
. N f

i
il T )

-~

o=
+

JA-T-544U

080~

d

- |
e |

- .
- w -

ok » ) i

wen “ L3 o MW g
"

il

"

LIYLHOD .

01°0 00°0 0T°0- 0z°0- 0€°0- 0¥°0- 0S°0- 03°0- 0L"C-
L E

4 m‘.n Z-SI¥0d

s) 3AWILF ¥ + + + } + —+ + i
LI w ., R R TR
[ L] - L . ™ i_! " . id ii -
P v, ¥
HE I Y
£

-,
L
- -

~LIELNID .

ne* -

08°0- 06°0-

sz
0s



205

"s)

‘; ,\Ks {*3)

- (*S) dWILb

ot1" D
u,ﬁsHE,“ﬂg

00°0

01" 0-

72" 0-

1+

Qg 0-

-+

0¥ 0-

+

0s5°93-

4=

09 " 0-

d-Z~La+

0L°0- 08°0-

dI.L

06°9-

N

L
m

[ ]
AWILF

=y

LOVLHNOD

=%
e ®EY

L ek
el T I

-

*0- 0€°0- 0%°0- 0S°0- 09°0-

1-7-5

WYH

01°0

T4
05
GL
00t

LOYLNOD

0070

-+

0T°0-

00°0 0T°ND- 02 0L"0- 08°0- 06°0-
N L L. ol L L i L ' -
Lg ™ ™ T L L L v -
W . vew | - g

SRS C N Teetettettesn eneemcenneee, RRTLRE

I REPEATEY . i - 57 4

AN IR U :

L - 05 3
N 1

: - 6L

f . %

. | 00T

d-Z-sav¥no

0z*0- 0t°0- OF¥°O- 09°0- 0L°0- 08°0-
vl

06°0- 06°0-
L

<+

I —te
1 LE

—p +

Do

4
2

LOYLNOD

PN emeos ot ¥ AR

¥ o7 & e N -5z 5

- 001

WX

a .



206

01" 0
3) aWIL#

0p*0- 0G°N- 03°0- O0L°0- 03°0-

0T"0
3) AWILF

.
axn=E®

. -

Ll LTS
L LT T

o

LIVLNOD

- 0%

> ) | 4 - oot

. , - - , di-f -3Vl
!_____ .

o L2

0T1° 0
*S) AWIL-

oo 0~ 0t1* 0- ,QN.,.E\ oE" 0- 0s” 0~ ge " o- oL-n- 08 "0~
4 e , + + +— |
- — - — pa Sy ot o | - 0
—— e Y
.._\_ 3 . - » ,-1, w

3
LOVINOD

00"

01" 0-

:
|
(!

|

P . \\ms-m-mugau

1 I
L= BT o ]
[~
|

& o
s

; X
o€’ 0- 0970~

0z 0- 0p*0- 05 0- 0L*0- 03°0-
1 4 L

i L e ; |
ilﬁ L a___w - T o T o L | - _N_
d.,,,ﬂ.i,; 0 i M .ﬁnil.,.,. ;,..,.,,.,l!il‘.,.-,\;...,...ls ,.a., . L .,,...!s-llﬂﬂuﬂi%.ﬂfi,..lll.\dﬂul ,
: R e T . LSRG N - ST o
H » - ]
i B . ¢ -og W
m. i U - 5L
| ..,Lm " . | ’ %
; s . - 00T
LIYLNOD . )



-

-
¥ ] " . _
L ) , f—)
- _ . d-¢-1a® 1L
4 . _ | ,&
~ 0T 00°0 01" 0- 0Z° 0~ 0€°0- Nk’ 0- 0s°0- . 09°0- oL"0- ,
"8} IUIL——o 4 +— + ' —+ + _,
(U8} aMIL——y o
,,l,‘,.h,i...;,.,‘!l-,ll,,l e -y - .lu ,!,. - - -
- - LR N T -~ ,..,,.,,l,l - ..-; ,“.-i - ...ﬁ;._ K ni; - - 57 B
A S YU ., ¥ ] - o M
> i - 5L
. s .
1 - poOT-
. ’ ,F, “_éD. ] [ o L ,
i LY 2 v = _ , e i-f -SWYN
‘ 00" 0 01" 0- 02" 0- 0fL"0- 9%°0-*' 0S°0- 09 " 0- 0L "0~
il . 1 L
(*s) + - — o
i\,l,l\,lll\,‘f,.t!...,ll_i.li;l,-,._,l, \
.,.n, . | ,I, e 1!
-0 %
m“ - St
‘ A .
f - 001 &
{
LIOVWLNOD ;
A df-€-savnd
01" 0 00" 0 01" 0- 0Z° 0- 0g"0- 0% B - 0% 0- 09°0- oL 0-
1
| m,, .._7 .@.,,;._a ﬁ _.._F\‘__T 4“,‘ ,\.“T ., _aw _“W - ; 4“ I My - LT - 7 - ,s
L ,..i,-..,_._!\ . s.,.:a-,,l,r.,iil,li_.:ﬂi - hadke L -y R — e - -._,,._-,,
v ST g e - 57 9
- , - 05 *
Ve : S|
| -1 - st
- ,’,
‘ . - 001

LOYLNDD



,E,
L]

ot

0¥ 0-  0C°o0-

Ti-G5-LN%¥ 118

09°0- 0L°0- 08°0-
I LF r: — - o "
,“.,, , l— . o S w4 e, e ;-,,l, o, - :
i whm o et T et e 62
. w J,ﬂ1, Jw ¥
| e
¥ | |

- - noT
LWL 12D

A1-5-5avl

L0

ng* 0-

i

0" 0-

-

0L*0-  08°)-

e

-t

0tT" 0

LOELNAOD

00"

oy

-y,
»

0€" 0-
L

o
I3

0%"0-

LT

0s" 0-

n9*o0-

i
1
Tt g™

—! - 0
- ST
| - 0%
- &L
- Q01
1.1-6-33¥92

aL70-  0RT0-

et oo L)

ol

- L ' N . . |
AL L+ —4— ~— 4 4 .,
.,._,-i., " e L A O ,.,l!.i._..-l..cil!.r,,.- o . o~ Aty o -
a RV - SZ 4
. . - 0%
‘. - St
) L o ) - 00T
LOVLHOD . . . .



209

~ ”*

*s)

(*s)

d

.n1"0- - 0T°0-

nE"n-

®

d-6-LHv JIL

09" 0= gL n-

01" 0

Nt o-

0z p- - 0£°0-
L A4

oT'0 1970
WILF t t ' * A a -
- \l,-..;%ir._-..;-.., -
L
Y%
L , ,. -
1D 1LHID d-G-SWVH
01" 0 00°0 01" 3- 0z " 0= e "0- éq;QI 0S 0= n3°0- oL -
,,.,gn - N T i 0 . . ._..i, - _.r,,.r-, o . W -
PoS ,. WO |
LI
E . | 7 "
W

d-6-SI¥NIJ

WMILF

+

L T Lk T -

ov-0- 0S°0- 03" 0~ nLed-
1 . i L |
Ly L Ll m )
. -s,i.ili.., - s -y ~— A . . , ,‘, - X .,_-,-_i 2 - - . - ,-,_-,i; |



. 210

tttti!,itiitttiiiiiiiiiiiittﬁiiititiiitiitiiiiiittitiiiiii

SUBJECT 0 NONEREF-CUACS

ﬁtitititiiiittiiitiiiiii!iiitﬁititttiiiiiitttiﬁitiiiitiiii
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1 5 39 9 77 3.
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15 39 13 77 1u
15 .40 15 78 29
15 S| 15 79 15
25 42 15 80 20
32 43 15 £l 25
15 , 44 1€ . B2 22
15 a5 25 83 27
15 . : do 32 : 84 32
15 : 47 -32 ) 8s . 2¢
15 . . 45 6 o 66 16
11 15 S L £ - 87 22
12 13 : 50 13 , 86 5
13 15 51 13 g9 45
14 15 52 11 90 1e
15 137 53 )5 BRI 91 - 25
16 13, 54 13 ' 92 45
17 13~ © 55 15 €3 57
16 . 15 £6 15 : 94 64
19 20 57 13 . 95 109
20 36 T 15 96 . 89
21 32 - 56 . 20 97 33
22 & 60 - 18 98 85
23 11 61 13 - . 69 94
24 11 62 13 100 38
25 32 63 15 101 €2
26 20 €4 BT 102 43
27 41 65 15 103 22
26 16 66 18 104 1t
2% 34 67 20 . 105 1¥
30 13 68 16 106 . 15
31 27 €9 20 167 1t
32 29 ~ 70 34 - 10€ 0
33 1t 71 6 109 C
34 15 72 15 110
35 22 . 73 15 , 111
36 11 74 1€ 112
37 13 75 20 113
38 - 15 76 18 114
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SUPJECT 0 PREF-TILC AANT®

I TETEIEIEIRZIEI NI EI R IR E SRR R R R AR AR LN R RS ELEEEEILESEEES

TII°F RFMC TIMLC sEME TI1LC $CLC
1 9 39 13 77 15
2 9 40 15 78 25
3 11 41 17 . 79 11
4 19 42 9 80 7

.5 -+ 13 43 9 31 7
6 9 44 0 82 9
7 9 45 9 83" 9
8 9 46 11 . B4 9
9 5 47 11 g5 9

10 9 48 17 86 9
11 9 40 13 , 8 7. 7
W12 9 50 13 88" 7
13 9 51 15 §9 9
14 7 52 15 90 21
15 - 7 Lo 53 15 91 12
16 9 ‘ " 54 - 15 92 9
17 9 55 15 93 9
18 9 56 15 94 19
19 9 57 21 95 15
20 9 58 23 . 96 9
21 9 59 15 ° 97 19
22 9 60 15 98 R 9
23 11 61 13 - 99 93
24 27 62 13 100 100
25 48 63 15 101 11
26 17 64 ¢ 13 102 3
27 11 . €5 15 103 5
] 28 9 66 15 104 7
29 5 67 15. ' 105 9
20 9 68 - 15 106 . 11
31 11 65 23 107 11
32 11- 7¢ 64 . 103 0
33 11 7 21 109 0
34 9 : 72 25 110 0
35 13 73 36 111 0
36 - 13 _ 74 - 17 112 0
37 13 75 13 113 0,
38 13 76 13 - 114 0
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T1

W CD SO R e o B

SUPJECT 1 NONPREF-QUATS

™

14
" 14
21
29
41
51
54

33
27
28
32
41
27
23
22
14
17
.18
13
17
18
15
21

18°

13
13
13
12
12
12
13
13
14
14
15
14
14

$CHMG

{ 45
42.

TI4L
39
40
41
42
43
44

46
47
44,
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52
53
54
59
56
57
58
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- 60
61
62
Ll
b4
65
06
67
68
69
70
71
72
73

74

75
7o

A

$EMG
14
14
15
17
17
14
15
17
21
26
26
19
15
21
27
a7
52
35

32 .

37
27
43
59
59
23
59
43
38
70
64
59
100
90
90
80
61
33
57

TIMC
77
186
73
30
8l
32
83
84
85
86
87
88
89
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91
92
93
94
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96
97
,98 |
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104
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21
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SUBJLCI 1 NONPREF-UAM3

iiifﬁiﬁiiittitiiiii!iiiﬁitttiititittittiitititj!itﬁi!tgik!

TIME REG TIE 3EMC TIME $EMG
1 14 . 39 21 77 49

2 21 40 23 78 19

3 32 41 25 - 79 14

4 3) 42 23 ’ 80 12

5 53 43 23 81 0

6 100 44 . 25 s ¥ 0

- * 56 45 23 83 0
8 30 40 23 - 384 0

9 19 - 47 23 , 85 )
106 40 . 48 25 86 0
11 40 ' 49 32 37 G
12 77 .50 45 88 0
13 43 51 43 89 0
14 23 52 2y 90 0
.15 36 53 14 S 91 0
16 23 54 ‘14 92~ 0
17 27 = 55 14 93 ae U
.18 27 56 17 , 94 . Q
19 40 Y787 19 .95, J
20 25 59 56 96 0
21 32 59 100 97 J
22 17 60 66 98 0
23 17 6l 19 99 0
24 14 62 34 100 0
25 14 63 49 : 101 0
26 14 . 64 62 102 0
.27 17 65 54 _ 103 0
28 19 66 58 104 0
29 19 67 23 105 0
30 21 b8 23 . 106 0
3l 21 69 12 . 107 §]
32 21 70¢ 17 : 103 0
i3 21 71 17 : 109 0
34 19 7232‘ 27 _ 110 0
35 23 73 36 111 0
36 34 74 4 112 0
37 25 M 4 © 113 0
38 23 k 45 114 0
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TIME

Vo3 IR N WU I N S o

SUBJECT 1 NCNPFEF-TIE ANIT

$EMC

10
10
10
15
13
24
52
26
13
13
13
13
13
15
10

8
13
13
15
17
21
15
13
15
15
15
13
10
13
13
13
10
10
10

OO

TIML
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N

v

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

64

65
66
67
68
69
70
71
72
73
74
75

76

sENMC
10

TIML
717
76
79
80
81
B2

83
84
85
86
87
88
89
90
91
92

" 93
94
95
96
97
98
99

100

101

102

103

iv4

105

106

167
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113
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13
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SCSJESS 1 BhF=-"7075

A NN RN NN RN N R RN RN AN kAR Rk AR N AR AR AR R RR N RN R b ek a b bk

TI~E 3.0 A [ 20 TI it Li-io
1 .10 33 13 ' 77 21
2 ) 40 12 73 I~
3 3 Pl 10 7) 1)
1 9 Y 12 3u 23
5 1J Vo 12 31 37
0 | 44 12 $2 5.2
7 12 4D 19 T3 R,
3 12 _ 13 13 3 34 70
9 I 47 R 35 31
19 7 43 10 35 30
11 - 7 4y 7 37 4y
12 3 500 . 7 33 i3
13 ) E; 1 o ® 0o 57
14 7 52 g 99 73
15 7 53 21 71 199
15 5 54 15 92 73
17 5 55 12 33 22
13 4 55 12 34 37
19 4 57 2 35 13
2d 3 35 13 )5 e
21 5 5) 15 17 9]
22 4 N 16 e 27
2 5 ol 13 19 . 1o .,
24 3 52 12 1ud Lz
25 5 23 13 121 12
2 3 54 i 102 1)
27 2 ) Lo 103 g
23 3u N 1 104 !
£239 25 o7 23 105 ]
3J 34 v 2 1u3 g
3l 43 “ 12 17 J
32 20 7. > 103 J
33 2) 71 1J 109 J
34 16 72 14 110 )
35 16 v 73 14 111 v
35 23 T4 13 112 J
37 29 75 14 . 113 J
313 16 16 16 11 J .
L .
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Ci 1 +reEs=-Inn

og]

sL2d

I R R TS E T2 R R L R R R R E R R R R 2 A B ﬁitttiiiitti‘}

T1i1E BEMG 1. FERG T1E 1
1 12 3 14 77 20
2 \ 15 A 2 75 . 22
3 17 1 13 79 27
4 2% . P2 25 5 25
5 2) 13 25 71 32.
5 20 44 15 32 )
7 2 3 13 i3 ao
3 2) P 17 o 25
9 3 <~ 2) 17 25

1J 32 4 h% iy Zi
11 15 4° 22 37 25
12 15 5o .7 . 53
13 31 51 17 . .1
14 2] 9 52 13 N 53
15 13 33 15 71 1o
16 1 54 13 12 V3
17 lu 5 15 3 93
to 15 B 17 14 23
19 © (29 57 15 75 27
©2) 34 , < 5 15 95 11
21 35 - 5 15 y? i1
22 15 K 17 E 33
23 13 51 25 39 55
24 15 57 2 139 44
25 27 53 2) 101 . 4l
25 25 6% 13 102 Jo
27 20 05 1u 193 55
24 17 59 13 104 2
29 45 67 15 105 22
3) 38 « 5 20 16 iz
31 27 . 59 17 S 197 )
32 27 70 . 17 103 d
313 o4 71 29 1)) J
3 3B 72 22 110 N
35 34 ‘ 73 - 29 L1 o
35 10 74 39 112 J
37 36 15 20 113 0]
‘38 67 4 7o 22 1114 J
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SUCJECT 1 FREF-TIP ANT

I 22 RIE2222EI R IR E IR IEI R I IR RE RS RS RS RSN SERRLEESEESRSE

TIME SEMC TIML LLMC TIFE S$EMC
1 47 39 1w 77 16
2 39 40 18 7€ 1€
3 32 41 18 79 22
4 22 42 22 80 25
5 4 16 43 16 61 25
6 ¢ 29 ; 44 s 82 29
7 57 45 16 83 30
8 22 46 18 84 22
9 15 47 18" 85 . 29

10 15 - a3 15 . 86 29

11 Aa1 49 15 87 - 25

12 11 f 50 25 88 25

13 8 51 15 o 89 25

14 4 .. 52 11 90y 22

15 11 53 15 oF 15~
16 50 . 54 15 92 22

17 32 55 15 93 (35

18 .11 S &6 11 . 94 16

19 15 /- 37 11 95 22

20 15 < 5§ 15 56 43

21 8 59 16 97 18

22 11 60 1e . 58 36

23 43 ’ 61 18 99 71

24' 15 62 36 100 54 -
25 25 63 22, 01 25 :
26 22 64 15 102 11

27 22 65 1€ 103 11

28 61 66 18 - 104 11

29 47 67 22 105 3

30 100 65 16 106 15

31 - 25 69 - 15 107 0

32 32 74 15 108 o

33 18 71 22 109 0

34 18 72 50 110 3

.35 16 . 73 16 111 0

36 18 74 22 112 .. 0

37 - 32 75 22 113 .0

38 18 76 22 114 N
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SUEJECf:Z POV EPCF- CUATC

iti**it**tt***ﬁiit*ttiiiiiitttitiitiittititttiitiitiitijii

TIIF $EMC Tk $INC _ TIMT $EL.C
1 10 - 35 14 77 32
2 15 40 14 78 70
3 36 41 16 ~ 79 50
4 18 42 14 80 34
5 12 _ 43 12 - 81 45
6 14 , 44 D) 82 96
7 12 45 14 £3 © 99
8 10 46 14 84 72
9 14 ' 47 h% 85 58

10 10 48 1y, 56 47
11 12 40 16 87 87
12 29 50 14 86 32
13 38 51 ;J 23 89 23
14 25 - 52 25 ‘ c0 27
15 12 . 53 16 ) 91 59
16 12 54 12 92 72
17 12 - 55 e 93 16
18 14 56 10 . 94 G
19 12 57 12 95 0
20 10 ‘ 58 12 : 96 U
21, 10 . 59 16 : 97 -0
22 12 ~ 60 32 98 0
23 12 61 30 S9 0
24 14 : 02 - 10 100 0
25 12 63 - 8 101 0
26 14 ‘ 64 14 102 0
27 16 65 . 36 103 0
28 30 , 66 70 104 0
29 3¢ : 67 . 69 . 105 )
30 56 68 23 106 0
31 43 69 38 107 0

2 34 2070 50 : 106 0
33 27 g 7 27 109 0
34 14, 72 32 . 11¢ 0
35 12 : 73 41 111 C
36 16 - ' 74 100 112 0
37 30 , 75 56 113 0
38 21 L 76 . 34 . 114 0
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SUEJFCT 2 NONPREF-HAAS

Y R R LR R AR EIEIELIE2 222223 22 R 2R 2R R R R R EERE L RLERSS

TIMF $LMC TIME $EMC TIME $ELC
1 19 39 21 , 77 14
2 i1 40 14 ' 78 12
3 24 41 9 79 21
4 21 42 9 30 43
5 24 43 12 - 81 12
6 26 44 14 82 12
7 38 45 16 83 12

"8 28 46 45 g4 28
9 19 47 24 85 55

10 19 ‘ 48 16 86 31
11° 19 49 14 87 £1
12 19 50 14 £8 14
13 24 51 14 89 12
14 19 52 14 90 53
15 16 53 16 91 69
16 16 54 19 92 12
17 16 55 31 93 2
18 16 56 33 94 0
19 16 ° 57 7 95 0
20 16 58 9 96 0
21 19 59 9 97 0
22 50 ‘ 60 9 98 0
23 16 61 12 99 0
24 14 62 21 100 0
25 14 63 28 101 -0
26 16 4 14 102 0
2 14 5 12 103 q
1} 12 6 12 104 0
29 16 12 . 105 0
30 19 €8 14 106 0
31 16 69 14 : 107 0
32 19 70 14 108 0
33 77 ‘ 71 14 ] 109 G
34 81 72 14 11¢C 0
35 38 73 - 16 111 0
36 33 74 55 112 0

- 37 45 75 38 113 0

3?, 69 76 100 114 0
[ . x!,e.n,_ .
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SUBJECT 2 NONPRE€-TIF ANT

kAR Ak AR A AR AR Ak kb A kR Ak khk Ak Ak AR khk khk hkhk Ak hh kh kA% ek kk kk kK

]

TIME TEMG TIME $EMC TIME REMG
1 33 39 45 77 0
2 33 ‘ 40 37 78 0
3 41 41 33 79 0
4 33 42 41 80 e O
5 37 43 33 8l S0
6 37 44 56 62 0
7 33 45 37 - .83 25
8 29 46 25 84 72
9 33 : a7 29 85 25
10 41 4¢€ 25 . , 86 29
11 33 49 21° ' .87 53
12 10 50 . 21 > 88 6

13 10 51 18 89 56 o
14 14 52 10 50 33
15 18 53 25 91 0
16 18 54 18 92 0
17 18 55 18 93 0
18 18 56 18 94 0
19 14 57 18 95 0
20 14 58 18 96 0
21 18 | 59 25 97 0
22 14 60 14 98 0
23 14 61 10 99 c
24 18 62 6 100 0
25 14 63 0 101 0
26 14 64 2 102 0
27 18 65 0 103 0
26 33 66 0 104 0
29 33 67 0 105 0
30 25 68 0 106 0
31 33 , 69 0 107 0
32 49 | 70 2 108 0
33 49 71 0 109 0
34 100 ~ 72 2 110 0
35 84 : 73 37 111 0
36 49 74 18 112 0
37 . 4 75 0 113 0
38 41 76 0 0
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SUBJECT 2 PFEF-QUADS

(223 BRI 2RI R EEREIREIELI AR EEIEEREELELELESELIELELELELEZLSELES:S]

Rt
TIME $ENG TIME SEMC TIME REMC
1 10 39 17 , 77 13
2 18 40 27 78 13
3 11 41 14 79 42
4 10 ¥ 42 7 80 51
5 10 43 6 81. 28
"6 10 44 8 82 17
7 8 45 8 83 38
8 10 46 8 84 16
9 14 47 & 85 23
10 10 48 8 86 48
11 8 49 10 87° 61
12- 8 - 50 11 88 100
13 10 .51 _ 20" 89 28
14 11 52 8 80, 31
15 11 53 7 91 45
16 21 54 8 92 31
17 17 55 8 93 17
*ﬁax\ 18 11 56 8 94 17
19 11 , 57 10 95 30
20 11 58 18 96 14
21 11 59 ( 21 97 0
22 11 - 60 17 93 c
23 11 61 11 : 99 0
24 13 62 10 100 0
25 20 63 13 101 0
26 z1 64 20 102 .0
27 17 65 16 103 0
28 13 66 3 104 0
29 6 67 & 105 0
30 1 68 8 106 0
3 6 69 10 107 0
32 8 70 10 108 0
33 8 71 11 © 109 C
34 6 72 11’ 110 0
35 7 73 37 111 0
36 £ 74 17 112 0
$ 137 8 75 13 113 0
38 8 76 30 i 114 0
\*j E\
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SUGEJECT 2 FILF-HAME

Y

A d ik ek ek kd W hk kk kA hk kk Ak Ak AN kW h okl kd kk hok kh ok okk kk kR hkE kk kT

TINME LEMC TIME MG TIME RLIC
1 9 39 16 77 a
2 12 40 16 78 $
3 12 41 16 79 16
4 12 : 42 16 80 34
5 14 43 14 : 81 29
6 14 44 19 82 12
7 12 45 34 83 ‘46
8 12 46 29 84 19
9 14 47 12 gs - 9

10 14 , a8 14 . 86 59
11 12 49 16 87 31
12 12 50 14 © 88 54
13 9 . 51 14 89 16
14 31 52 16 90 12
15 19 53 24 91 16
16 12 54 24 92 16
17 14 55 1 93 71
18 14 56 14 94 100 -
19 14 57 14 95 19
20 66 58 12 96 14
21 31 59 14 97 0
22 14 60 14 98 0
23 16 61 14 99 0
24 36 62 12 100 0
25 29 - 63 12 101 0
26 26 64 14 102 0
27 46 65 12 103 0
28 81 66 19 , 104 0
29 41 67 12 105 0
30 26 68 12 106 0
31 29 69 9 107 0
32 21 ' 70 9 108 0
33 41 71 7 109 0
34 16 72 4 | 110 0
35 26 73 4 111 0.
36 19 - ' 7 112 0
37 16 —%:::%é 9 113 0
38 14 76 7 114 0
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SUEJECT 2 PFEF-TID ANT

LA AL EARE RS R ELE IR EIRLIEE: ZRTRTE I T T IE N T I PR G g g S g u e
A . !

T IME SEMG " ( TIVL $LMC ' TIFE  RENC
1 6 39 24 77 12
2 5 J 40 15 78 16
3 12 \41 12 79 15
4 9 ' 42 » 15 £0 15
5 12 43 12 g1 2
6 kY. ' a4 15 82 18
7 27 45 15 83 o
8 15 - 46 9 84 12
g 15 47 12 65 15
10 15 4c 15 86 24
11 18 49 15 87 27
12 29 50 21 . Y 35
13 35 _ 51 12 89 1
14 18 52 12 90 9
15 18 53 12 91 27
16 15 - 54 o 92 71
17 18 55 9 93 0
1e 18 : 56 12 94 3

19 29 57 15 5 3 e

20 21 58 6 6 3
21 21 59 3 97 0
22 21 ' 60 3 93 0
23 21 61 6 99 0
24 18 62 9 100 0
25 18 63 9 101 ¢
26 . 27 64 12 102 G
27 32 .55 9. 103 "
28 44 66 9 10 4 0
26 100 67 15 105 ~ 0

30 56 ol 12 . 166 5, <~ .0
31 24 69 24 107 0.
32 24 S IV .56 10y 0
33 .24 71 3€ 109 0
4 12 7z .12 110 G

29 ‘73 3 111 o - *

35 74 12 " 112 0
7 47 75 12. Jgj?r 113 0
18 29. 76 6 . 114 0
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®

SUBJECT 3 NONEFREF-CUACE
)
AR AR AR AR AR AR AR AR RN AR R AR RA R A R AN AR AR R E AR AR AR AR RS R AR AR AN

TIME REMG TIME REMG TIME SEMG
1 5 39 15 77 0
2 7 40 12 76 15
3 7 St 9 ' 79 0
‘ 7" 2 12 | 80 0
5 9 43 10 81 0
6 9 44 9 § 2 0
7 9 45 9 83 o

.8 07 46 9 84 0
9 17 a7 9 35 0

10 15 T 7 86 0
11 10 _ 49 10 o~ §7 0
12 7 50 15 86 0
13 =% 51 . 26 89 0
14 5 52 27 90 0
15 7 53 22 31 0
16 7 54 14 92 0
17 7 55 14 93 0
18 5 56 14 94 0
19 5 57 36 | 95 0
20 5 ' 58 22 96 G
21 9 59 26 : 97 0
22 14 60 21 98 0
23 12 61 16 99 0
24 7 62 27 100 0
2 12 63 1 101 0
26 12 64 1 102 0
27 12 65 24 : 103 0
28 27 66 * 49 104 0
29 53 67 37 105 0
30 al 68 73 106 0
31 24 69 100 107 0
32 22 70 96 108 0
33 24 711 34 109 0
34 .36 72 2 . 110 0
35 39 73 9 111 0
36. 14 74 5 112 0
37 14 75 22 113 0
38" 17 76 2 114 0
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SUBJECT 3 NONEBRCE-HAME .

f.ﬁiiiti*ﬁit*tttﬁti'*ttttﬁtittttit*'tt**ttittﬁﬁ.itﬁi}ﬁﬁﬁti

TIME SEMC TIME REMG TIME $EMC

1 13 39 14 77 22
7 14 40 28 78 20
3 16 41 13 79 20
4 11 42 14 80 - O
5 7 43 13 : 81 0
6 9 44 9 82 G
7 9 : 45 11 83 o
8 34 46 11 84 G
9 36 47 13 85 C
10 14 48 13 66 0
11 9 49 13 . €7 0
12 9 ' 50 13 88 0
13 13 51 20 8¢ 0
14 9 ‘ 52 22 90 0.
15 7 .53 30 .91 0
16 9 . 54 40 92 6
17 11 55 36 93 0
18 14 o, : 56 57 94 0
19 14 57 47 95 0
2 14 - 58 51 . 96 0 .
21 16 59 38 97 0
22 22 60 80 - 98 0
23 40 * 61 34 99 0
24 32 ' 62 70 100 0
2 26 63 88 ' 101 0
26 22 64 76 102 0
2 41 65 36 . 103 0
28 65 06 76 ' 10 4 0
29 41 67 63 105 0
30 26 68 99 106 0
31 22 69 160 107 0
32 28 - 70 43 108 0
33 40 71 38 . 109 0
34 34 72 53 110 0
35 24 73 45 111 0
36 13 . 74 18 112 0
37 14 75 36 113 ¢ 0
38 0

14 76 24 114
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SUBJECT 3 KOKFFEE=-TILE PINI
&
AR R RN AR AR AR R R AR AR AR AN AT AR AN AN AR AR AR AR RN AR AT R P AR RN TN N

TIME RENMG TINC CiC 1IFE SLFC
1 21 39 21 77 30
2 21 49 21 78 0
3 21 41 26 79 0
4 21 42 44 - 60 0
5 21 43 21 * 81 0
6 35 a4 - 12 82 0
7 17 45 17 83 0
8 12 46 12 84 0
9 12 47 - 12 8% 0

10 17 45 | 12 66 c
11 17 4c 17 37 ¢
12 26 .50 21 86 0
13 21 : 51. 39 89 0
14 21 52 30 90 | 0
15 21 : 53 21 - 91 0
16 21 54 17 92 0
17 21 55 30 93 0
18 17 56 53 94 0
19 26 57N 26 95 0
20 21" : S€ 39 96 0 i
21 26 59 26 97 0
22 21 60 26 98 0
23 . 30 : 61 30, 99 0
24 21 62 26 100 0
25 26 63 39 101 0
26 53 . 64 17 102 0
27 100 65 - B 103 0
28 44 7 66 17 104 0
29 21 67 17 105 0
30 17 . 6€ 60 106 0
31 21 . 69 67 107, .0
32 12 70 26 108 0
33 17 71 35 109 0
34 21 72 £5 110 TN
35 21 ‘ 73 0 111 0
30 21 74 8 112 0
37 21 - 75 0 113 0
38 21 76 0 114 0
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SUBJECT 3 PREF-QUADS

tﬁtiiitti.ttﬁ'tftitiiitititiiiiifiiiiiiiittiitiitiiiit*ti!

TIME  EMG TIME S EMC TIME L EMC
1 12 39 13 77 2
2 13 40 13 76 G
3 25 ¥ 41 13 ) 79 0
4 15 42 13 80 0

.5 12 43 17 81 G
6 9 44 14 82 G
7 13 45 14 . 83 G
8 10 46 12 84 0
9 10 47 10 . 85 b

10 13 48 9 86 0
11 14 - 49 8 87 i}
12 17 50 8 88 0
13 12 51 9 ) 89 0
14 .10 : 52 10 90 0
15 10 53 13 91 0
16 12 1 54 12 92 0
17 10 55 14 . ~ 93 0
18 12 56 - 29 94 0
19 12 57 18 95 0
20 13 56 23 96 0
21 13 59 15 97 0
22 13 60 30 98 0
23 13 61 13 99 0
24 15 62 10 100 0
25 29 . 63 14 101 0
26 21 64 33 102 0
27 18 65 22 103 0
28 17 66 21 104 0
29 21 67 61 105 0
30 17 68 81 106 0
31 14 . 69 100 107 0
N2 13 70 43 108 0
33 13 71 13 109 0
34 14 72 17 110 0
35 19 73 12 111 0
3 15 74 12 : 112 0
37 13 - 75 8 > 113 0
38 14 76 ! , 114 0
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SUBJECT 3 PPEF-11AMS

AR AR A RAREEEE L EIREIELIESEEE SR EE R IR L g e IRl I,

TIME R EMG TIME LEMG TIME LEMC

1 11 39 13 77 4
2 11 40 18 78 0
3 15 41 20 79 0
4 13 42 20 80 0
5 13 - 43 30 81 0
6 15 44 20 82 0
7 15 45 15 83 - 0-
8 13 _ 46 15 84 0,
9 11 47 18 85 v~ 0
10 6 48 30 86 t)
11 8 49 18 87 0
12 11 50 18 88 0
13 8 51 ¢ 23 89 0
14 11 52 23 90 0
15 13 , 53 23 : 91 0
16 11 : < 54" 18 92 0
17 11 55 27 93 0
18 11 56 58 ‘94 0
19 13 57 41 95 0
20 11 58 23 : 96 0
21 11 59 51 97 .0
22 13 60 20 98 0
23 18 61 51 99 0.
24 32 62 32 100 0
25 100 63 v 77 101 0
26 58 64 82 1062 0
27 34 65 56 103 0
28 68 : 66 18 104 0
29 30 67 13 105 0
30 30 68 32 106 0
31 56 69 16 107 0
32 46 70 44 108 0
33 46 71 .75 109 0
34 25 72 60 110 0
35 18 73 23 111 . 0
36 15 74 20 . 112 0 .
37 13 75 60 113 0
38 30 76 18 114 0
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LA AR RS S LR SRR TR TRy Ak AE N RAN Ak ohk hk ok LA A L R 2 3 2 B 1 1 2 R Ry

SUPJECT 3 PREF-TIF ANT

Wk hk hk ok Wk Ao ok oAk Rk kd LA R A RS B 2R 1E I T I NI R Ak ko Nk kk Ak kA Ak

TIME REMG TIKE- LEMC TIME REMG
1 24 39 19 77 24
2 24 ‘ 40 19 78 0
3 24 : 41 16 - 79 0
4 30 42 16 B0 J
5 30 43 19 81 0
.6 27 44 24 82 0
7 27 45 22 83 0
8 33 46 22 84 0
9 58 47 22 " 85 0
10 33 48 19 86 0
11 24 49 19 87 0
12 24 50 19 88 0
13 24 . 51 22 89 0
14 24 52 24 90 0
15 22 ’ 53 24 : 91 )

.. 16 24 54 24 92 0
17 24 55 33 53 0
18 36 56 64 - 94 0
19 44 57 52 95 0

20 24 58 36 96 0
21 27 59 33 97 0
22 27 60 58 98 0
23 27 61 .36 99 0
24 52 62 78 100 0
25 15 63 47 101 0
26 24 64 89 102 0
27 22 : 65 . 44 103 0
28 22 @ 66 36 104 0"
29 22 67 38 105 0o -
30 22 08 100 106 0
31 19 - 65 36 107 0.

© 32 19 70 36 108 0
33 19 71 30 109 0 -
34 22 72 47 110 o *
35 22 73 . 30 111 0
36 19 ' 74 47 112 0,
37 16 75 27 113 4
38 16 .76 27 114 0

= \ C o = =



iiiitiitiiiitiiii'i*iitititiiii#ii!iiiiitﬁtiii‘iiﬁtii!ﬂtiiii

SUCTEST 4 RONPRCFFDUADS

E

ST 3Tl TIME $C i3 TI. YN
1 3 39 13 77 25
z ; 40 19 70 J
3 7 11 12 73 J
4 il 32 14 . 33 V)
5 G 43 12 o1 / J
6 ¥ 44 25 J2ooo )
7 7 45 13 SR J.
s 3 46 17 b4 0
3 13 47 23 LT U

1) 13 43 42 8o Y
11 10 49 0h : 57 2

12 13 5] 57 48 J

13 14 51 35 ne U

14 11 52 27 el ) ¢

15 8 - 53 12 g1 v

16 6 54 15 L 92 0 :

17 1¢ 55 12 93 0 \x

18 - 19 56 . 42 - 9% 0

19 36 : 57 64 N 95 0

22 50 , 58 17 - 9v y

21 4 59 72 / 97 U

22 35 60 92 ’ 93 3 4

23 25 . 61 37 )9 ¥

24 13 62 .41 100 =0,

25 12 (?g .53 67 ‘ "101 J

26 8 ' 04 102 : 102 o)

27 7 69 97 . 103 0

28 o i 66 44 104 - )

29 5 67 34 105" \

30 10 58 \ 40U 105 o)
il 17 6% 23 107 u
312 14 yAVE 37 12§ )
33 K! ' 71 18 109 U
34 lu 72 17 - 110 0.
35 13 73 17 11l 0
3o 10 74 17 S ll2 N
37 12 ” 17 _ © 113 J
33 12 76 21 114 J



X X R R R EZRE R R R EREREEZ RSN RS ARFRRRRRE R RS R TR R R AR R RE R RN R RS

SURJECT 4 NONPRIF - HAMS

t.ﬁ.*iﬁﬁitﬁtitﬁ'tiii.*ﬁ!ﬁiti*kﬁhikttittittiitiitttiiﬂtitti
¢ =

TIAE $EMG T AC.C PIME 1
1 8 39 10 77 51
2 10 : 0% 21 73 3
3 10 41 16 79 0
4 30 42 21 80 0
5 24 : 43 21 81 0
6 13 44 73 82 0 -
7 10 45 16 £3 J
8 8 46 21 84 J
9 2 47 19 .35 -~ U
10 8 48 27 36 a
11 , 10 49 43 37 0
12 10 50 35 83 0
13 21 51 24 B9 0
14 10 52 43 90 J
15 13 : 53 62 91 0
16 13 54 93 92 0
17 16 . 55 100 93 )
18 16 50 57 94 D
19 24 57 . 59 . - 95 0
20 49 . 58 . 59 96 0
21 100 _ 59 43 ’ 97 9
22 76 : 50 24 ‘ 98 0
23 65 : 61 13 ‘ 99 o0
24 31 62 3 o 100 0
25 46 63 10 101 0
26 ° . 40 ) 64 24 12 J
27 73 ) 65 - 16, 103 -, 0
28 43 66 13 164 0
29 56 67 10 105 » J
30 51 65 . 10 106 0
31 24 69 10 ' 107 0.
32 70 70 - 2% _ 1038 0.
33 16 71 51 . 109 0
34 16 72 79 _ 110 0
35 19 ( e 13 54 . 111 \ 9
/36 13 , 74 21 , 112 * 0
37 24 75 43 : 113 *) .
0

/3}_. 30 .76 79 A .o 114



| , 236
=
Ahh Ak ek Rhk hk ok Ak hkk k& iiftitiii>i xk k& iiiﬁit*iii;ﬁtii kk hk kk ek ik

SUBJECT 4 NCNPPEF-TIE ANIT

A RA A Ak AR Ak kk Ak kKK Sk khkkh AR AR AR kR kh kh kk ok hk Kk wk hk hkk ek hhk kk
#

. ‘ =
TIE SENMC TIME $§ NG 1 IHME SEIG
1 6 39 70 77 31
2 11 - '<i§‘ 81 78 0
3 8 4] 59 79 0
4 G 42 39 80 - )
5 8 ¢ 43 22 81 0
6" 11 44 25 62 0
7 11 45 31 : 53 0
8 11 . 46 25 §4— 0
9 25 47 33 " 85 0
10 26 48 36 : 86 C
11 25 49 47 87 0
12 31 50 50 - 88 0
13 704 51 36 69 0
14 56 52 31 90 0
15 - 33 53 42 : 91 0
16 28 54 39 92 0
17 36 55 31 93 0
18 25 56 36 94 0
19 67 57 22 95 0
2 92 58 20 96 U
21 50 59 n 97 0
22 20 60 42 98 0
23 S 17 61 33 99 0
24 25 = 62 50 - 100 0
25 20 63 100 101 0
26 25 64 64 102 0
27 25 65 70 163 0
28 33 66 47 108 0
29 59 67 - 33 109 0
30 36 68 25 : 106 0
31 17 . 69 42 107 0
32 17 70 53 108 0
33 22 71 45 109 0
34 . 22 72 36 110 0
5 22 - 73 59 111 0
36 20 ' 74 36 112 G
37 28 75 31 113 0
38 36 76 25 . 114 0
" °
T
A
F ; oL
. S



el Mk okk Ak kR Ak ok ok kk ko Ak k ik Ak kk kh kk khk kh Ak hk Ak hkh kh hhkhk hhkkhk khk k&

SUBJECT 4 PFEF-QUALS

X222 EZE2EI R IR RIEE SRS ERL RNl EERLI Rl iR ERln SR ELEERSES]

TIME $EMG TIME $EMG TIME REMC
1 5 39 6 77 0
2 10 40 6 7€ G
3 9 41 8 79 0
4 6 42 6 80 o
5 10 43 14 81 0
6 6 44 30 82 0
7 9 as 13 83 0
8 9 46 8 84 0
9 6 47 5 85 0

10 6 48 11 86 0
11 8 49 10 87 0
12 10 50 9 838 0
13 21 51 9 89 0
14 40 52 11 90 0
15 31 53 10 91 0
16 20 54 11 92 0
17 13 55 27 93 0
18 14 56 41 94 qQ
19 10 57 15 95 0
20 11 58 10 96 0
21 10 59 ' X 97 0
22 10 60 13 98 0
23 10 61 13 99 0"
24 10 62 11 ,100 0
25 8 63 14 101 0
26 9 64 18 102 0
27 6 65 39 103 0
28 8 66 75 104, 0
29 6 67 100 105 0
30 8 68 93 106 0
31 8 69 68 107 0
32 8 70 14 108 0
33 8 71 24 109 0
34 16 72 14 110 0
35 6 73 15 111 0
36 5 74 11 112 0
37 6 75 5 113 0
38 8 76 0 114 0

\

™.

-



2 R R R E X EZEZZZR 2222 2T R R 2T R 2R SRR R R TELELELEERESEES;

SUBJECT 4 PREF-HAMS.

TR IR EIETE T RIS R SR IR SR IR SR AR R R SRR R LR EELE R LSS

TIME LEMC TIME SENMC TIME fCMG
1 3 39 17 77 C
2. 1 46 ' 19 78 0
3 11 41 19 79 0
4 9 = 42 27 80 - O
5 5 43 23 81 0
6 3 . 44 21 82 . 0
7 7 45 21 83 0
8 9 46 21 84 0
9 13 47 19 85 0

10 21 48 25 86 0
11 33 49 25 87 0
12 51 50 37 88 0
13 17 51 41 89 0
14 45 52. 33 90 0
15 57 © 53 77 91 0
16 31 54 63 92 0
17 41 55 51 © 93 0
18 37 56 31 94 0
19 21 57 33 95 0
20 27 56 35 96 0
21 17 59 49 97 0
22 47 60 35 98 0
23 19 61 61 . 99 0
2 15 62 21 100 0
25 15 63 17 101 0
26 15 64 23 102 0
27 19 65 19 . 103 0
28 47 66 27 104 0
29 23 67 41 105 0
30 17 68 15 106 0
31 . 17 69 71 107 0
32 15 70 - 100 108 0
33 19 .71 37 109 0
34 27 72 41 110 0
35 19 73 15 111 0
36 19 74 23 112 0
37 19 75 21 113 0

0

38 17 . 76 0 114



ARk hh ok WAk kokokok Rk AR R AR Ak khk hkjhd kR kk tiiitiiittii*ttitifﬁtiii

) SUBJECT 4 PFEF-TIE AUT

ok ok Ak khk kk kk Si’ Rk ko hh kk okl hkk ki dde kk ok ki ok ok kR Hhokok Ak ek hd ko ok koK

TIME YEMC TIMLC REMC TIME RENC
1 7 39 16 77 0
2 10 40 19 78 0
3 10 a1 19 79 0
4 7 42 19 80 0
5 7 43 19 31 0
6. 7 44 19 82 0
7 7 45 19 83 0
8 7 46 24 \ 84 0
g 7 47 22 65 0
10 7 42 19 86 0
11 ‘10 49 .19 . 87 0
12 16 50 24 88 0
13 38 51 24 89 ¢
14 36 52 38 90 0
15 64 53 33 .91 0
16 75 _ 54 30 92 0
17 55 55 27 93 0
18 36 56 61 94 0
19 33 57 22 95 0
. 20 22 58 19 96 0
21 19 59 22 97 0
2 - 22 60 24 98 c
23 24 61 19 99 0
24 24 62 16 100 0
25 22 63 16 101 0
26 . 22 64 30 102 0
27 24 65 64 103 0
28 24 66 100 104 o
29 22 67 41 105 0
30 19 66 . 36 106 0
31 19 69 16 107 0
32 19 70 16 108 0
33 19 71 16 109 0
34 19 72 16 110 c
35 19 73 7 111 0
36 9 74 16 112 G
37 15 75 16 - 113 . C
38 16 76 0 114 0
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LAAR AR LR ALE LRI R I L N R S R R R R Tk ok hok ohok okk Rk ok Rk ok ko Ak Rk R

SUBJECT 5 NONFRLF-CUALCSE

AR AR AR EERLEEEEEEREE EETET LA S A EERERER N EE BT *iié"ii LA SR EEE LR XELEE

TINME LEMG TIME $EMG TINME REMG
1 4 39 11 77 74
2 5 40 o) 76 100
3 5 41 9 79 28
4 4 42 7 80 38
5 5 43 7 - 81 15
6 10 44 7 82 11
7 6 45 7 83 10
8 6 45 7 84 9
9 6 47 7 85 0

10 6 48 7 86 0
11 6 49 7 87 0
12 6 50 7 B8 0
13 15 51 7 89 0
14 9 52 7 90 0
15 7 53 10 91 0
16 10 54, b g2 0
17 7 55 7 93 0
18 13 56 11 94 0
19 15 57 16 95 0
20 17 56 28 96 0
21 15 56 35 97 0
22 29 60 43 98 0
=23 45 61 35 <99 0
24 25 62 30 100 0
25 19 63 61 101 0
26 10 64 37 102 G
27 9 65 17 103 C
26 10 66 15 104 0
29 9 67 25 - 105 0
30 16" 68 41 106 0
31 11 69 23 . 107 0
32 9 76 31 108 0
33 9 : 71 . 36 109 0
34 9 ’j 72 36 : 110 0
35 10 " 73 58 , 1 0
36 7 74 22 1% 0
37 7 75 35 11 0
38 9 76 28 114 0
e
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I

(A RARARERLERELELETRIESESESEEETETE TR T EE IR I R R G

. ' SUPJECT 5 NONPREF-iIAMC

(A AL R AR LR LR L RL LRl LR LRl R RTEEE R R R g i A G

‘TIME LEMC TIME LEMG TIME  * REMC
1 4 39 20 . 77 34
2 7 40 45 78 - 65
3 7 4 27 75 52
4 7 42 16 80 100
5 7 43 11 £1 36
6 7 44 13 82 27
7 7 45 13 83 16
8 7 46 16 84 13
9 7 47 16 85 0

10 7 45 16 86 0
1 7 49 18 87 0
ﬂé 7 50 47 88 0
13 7 51 29 89. 0
14 7 52 16 96 0
15 9 53 18 91 0
16 9 54 20 T 92 0
17 9 55 20 93 0
18 16 56 20 94 0
19 65 57 16 95 L0 .
20 © 52 . 58 40 96 o
21 25 50 36 97 0
22 45 60 16 98 0
23 34 61 13 99 0
2 16 62 7 100 0
25 25 63 18 101 0
26 58 64 56 102 0
27 40 65 29 103 0
28 29 ' 66 49 104 0
2 47 67 56 105 0
30 20 68 27 . 106 0
31 16 69 16 107 0
32 29 70 43 108 0
33 16 71 16 109 0
34 13 72 13, 110 0
35 16 73 16" . 111 0
36 13 74 22 112 0
37 .13 75 61 113 0
38 18 76 27 , 114 0 -



( .
\ 02

tiiiitiittiiittﬁ?tiﬁiittiﬁiiiiiiiiiiiiittitii{iittittiiiti

. SUBJECT 5 NCUFRLE-TIC AN1 )
o 0y
iiiiiittiiiittiiitttiiiiiiiitiiiiitittiii!iiitiittgiiitiii

TIME LEMC TIME SEMC TIMC REMG
1 39 39 32 , 77 32
2 35 40 39 718 23
3 32 . 41 32 .79 El
4 35 42 32 .. 80 100
5 39 43 39 81 13
6 39 i 44 35 £2 35
7 39 45 55 - 83 13
8 32 46 45 84 13
9 39 ‘ 47 52 85 0
10 39 48 42 66 0
11 39 49 39 87 0
12 35 50 42 88 .0
1 32 51 39 89 0
1 .29 52 39 90 0
1 26 53 35 91 0
! 29 54 32 92 0
17 29 55 * 29 93 0
186 19 56 35 94 0
19, 19 57 - 39 .95 0
20 29 58 32 96 0
2 26 59 32 97 0
22 61 60 - 32 98 G
23 48 61 26 99 G
24 29 62 26 100 0
25 23 63 19 ‘ 101 0
26 23 64 19 102 0
27. 19 65 16 103 0
28 26 - 66 13 104 0
29 26 37 16 105 -0
30 26 13! 52 : 106 0
31 26 69 32 107 0
32 23 70 32 108 0
33 26 1 13 - 109 0
34 29 72 13 110 0
35 32 73 16 - . 111 0
36 32 74 52 112 0

17 132 : 75 100 113 0"
38" 26 76 13 114 0
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ﬁt*itt'iitﬁfﬁﬁtti#itttttttti**iﬁt***ﬁﬁt*'ﬂiﬁiiiiti*tﬁii*ii

SUEJECT 5 PREF-CQUALT

ﬁﬁiitﬁﬁfiiﬁ'i'*tﬁﬁtft*t*ﬁﬁiti.i*ﬁ*iittiﬁﬁtt**tiiiiiitiitii

T IME $EMG TIME *EMG TIME $EMG
1 8 39 15 77 0 -
2 6 40 15 - 78 0
3 19 41 27 > 74 0.
4 19 g~ 42 22 _ 80 0
5 8 . “~ . 43 15 8l 0
6 8 " 44 13 82 0
7 8 45 13 83 0
8 19 46 11 64 0
9 11 47 11 - 85 0

10 27 48 13 86 0
11 15 49 13 87 0
12 13 50 213 88 0
13 15 ‘ 51 . 13 89 0
14 13 - 52 13 90 0
15 17 .53 31 91 0
16 34 54 31 ‘92 0
17 .24 55 19 93 0
18 22 56 11 94 0
19 15 57 24 . 95 0
20 : 58 13 .96 G
21 §' 59 26 : 97 0
22 13 . 60 20 . 58 0
23 17 . 61 13 : 99 0
24 22 62 . 11 100 0
25 19 63 22 101 0
26 13 64 43 102 0
27 13 65 24 103 0
28 13 66 15 -~ 104 0
29 13 67 . 38 105 0
30 15 68 20 : 106 0
31 26 69 . 100 107 0
32 17 70 29 108 0
33 13 ' 71 10 109 0
34 13 72 17 110 0
35 13 73 20 111 0
36 15 74 11 112 0
37 15 , 75 13 . 113 0
38 - 15 76 11 "114 0
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NN Y222 12222232212:222 22222 AL R R 2 B AN LN AN Ak kk kk kk k& kA

SUBJECT 5 PREF-HAMS

TIME SEMG TIME REMG TIME L EMG
1 12 39 30 77 0
2 10 40 17 78 0
3 8 41 100 . 79 0
4 8 42 12 80 0
5 10 43 10 81 0
6 8 44 110 - 82 0
7 6 45 10 - 83 0
8 8 46 8 84 0

) 10 47 8 _ 85 0

10 17 48 8 86 0
11 6 49 12 ' 87 0

. 12 6 50 12 88 0
13 8 51 12 . 89 0
14 10 52 10 90 0
15 26 53 12 91 0
16 35 54 12 92 0
17 32 - 565, 17 93 0o
18 17 56 34 94 o %
19 21 Y 43 95 0

'20 41 58 15 : - 96 0
21 t 17 59 37 97 0
22 39 60 37 98 0
23 12 61 13 99 0
24 37 62 / 10 100 0
25 5 63 17 . 101 0
26 23 64 30 102 0
27 21 65 48 103 0
28 37 66 21 104 0
29 17 67 13 ' 105 0
30 15 68 43 106 0.
31 . 19 69 28 107 0
32 37 70 17 108 0
33 15 71 21 ’ 109 0
34 8 72 37 110 ()
35 10 73 85 111 0
36 13 74 100 112 0
37 13 75.. 23 113 0
38 15 .76 . 12 114 0 .

% ) -



2 2 2 R R R X R R R EZIEIZIE2REZ SR 2LE T R 2R R R 222 R R L RS0 E R LR

SUEJECT 5 PREF-TIF ANT

AR R AR AR AR AR AR AR AR RN A R A B Rk AN AN AR AR AT R AR RN AT AR AR AT AR AR

TIME

el BRI WY, WS SN

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
20
27
28
29
30
31
32

34
35
36
37
38

$EMG

47
43
43
43
43
43
43
39
39
39
31
31
35
31
31
43
73
54
47
47
47
43
35
28
31
39
43
43
31
28
24
20
20

28 |

24

24

28
31

TIME
39
40
41

42
'L X

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

62

63
64
65
66
67
68
69
70
71
72
73
74
75
76

REMG

31
28
24
28
28
35
35
31
35
35
31
28
20
20
20
24
28
24
20
31

24

16
lé
28
50
28
24
31
31
43
92
65
43
99
"100
39
39
28

TIME

77
78
79
80
81
82
B3
64
8%
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100

101
102
103

104

105
106
107
108
109
110

111

112
113

114

%

™
[

OO OO C ooODoOOoOoDOoODOOoOOOoOODC OO0 ooD OO0 Co ™
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APPENDIX F

" COMPUTER PROGRAMS



0:

‘Wmdmwmwwm—‘

[ el ) e ol =
A OO~ O e s B et © o vy v

¥
&»
~

% "ANGQUIAR ACCIERATION AND ANQJLAR VIICCITY" .

: dsp "RGULAR KINEMATICS";wait 1500

ent "FIIE # 10 BE USED :",G

duf' A[2,28],8B(20,28],D(27],018,20],018,20],N5 4-;2
: dir 25(21,36],KS(14, ll] R[20,14],RS(1,3],C51(2,66]
:trk 1;14f Q,.A[*] B[*], D["] ;1of Q*l Z5,K5;ak O

ent m'SEEE [0] o FADIHE {1} 2=,s
ent "c:r}rm lup to 20 Charxtr‘:rs]" G5

: :Lf‘?;l "+RS (1] ;jmp 2

"deg’ *FS{l]

@t " SEMENT QOCE":sm@co;fmt Lf3. Q,CLB
: for I=1 to 14
: wrt 16, 1,KS(1]

: next I
14: spc 2;0eA ~

: ent "NEXT SEMENT TO QUTRUT? (0=5TOP)",1;if I#0;jmp 3

if I1=0;prt " CALOJL DXNE" gsb "rECD"

:gto B
18: Arleh;prt Ijgx 2 .

: sfg 14 _ ) .
20: for IFl to [{27]-1 -
21: (A(l1, I+14) -B[H, I+14]) /(A (13, I]’Efﬂ ¢ 1])=r0
2: (A[H+],1+14) -2 (H+1, TH4)) /(A (], 1] -B[H+], I} ) »rl
23: atn((rl-r0)/(1+r0rl))+R [H,1]

55;
56:
57:
59:
60:
*27

: next H

: for &l to D[27]-2
: 1f HEl or H=D(27]-2; (AQir], 11 =A (11, 1)) / ((D[H+1)+D([1#2))/2)+B [I1,1]) ; o 2
: (AL, 1]1-A[1-1, 1) /((D[H+1]+D[11]) /2)+B[H, 1]

: HeB;B[H, 1]+C|[A+4, D]

: 1f 551:RMi 1) /57.296-F( 1, I]

next [j
£q 14

for 1=l to D[27]-1 . -
P, I]/DH+1 +=A[L, 1]

i#B;A(H, I]+O(A,B] .

next 11
: ent "DO YOU NEFD RAL DNVIA 7 (1=YES)",E:if P#l;gto 15

:\sfd::’/JDlQlOlOlD

: fmt 1,14%,60"=", /wrt 7.1

: fmt 2, 14x,20,cl5, 25, /ﬂ-ﬂ:t 7.2, "NNQJLAR KINEMATICS :",KS[1],CS$(1})
:wrt 7.1; fmt 3, /,/,14;: 206, 3cl6; fmt 7, 34:: c3, x,c3,4,8x,3,66,/,/

:wrt 7.3, "FRNTH",“TIME", "DI.:-H&:E}EN "VELQLIT‘;’ ¥, " NICELEFATION®
:owrt 7 ?,,Pﬁlll RS(11, "/sec RS (1]," /enc/ sec ™ .

: frt 4,14x,£2.0: frrt 5;£lx,f§_3,4x,f9_2,§x;f‘3.2

: frt 6,62x,£10.2

: ftor Iel to C(27}

:owrt 7.4,00; 1 IK=D[27) -1 ;g8 "cutput”

: next il :

: wtb 7,12;qto 15

: “t:!u, ":

L it ll-iD[Z?]-l;wrt '6,B[H, 1) atb 7,27, 10 ‘ N - o
L2 r& o N B P ij;,rr.._t%_. .

.5, f:)mﬂ] E[ll 1}, Al 1)

: "RELD":

oex

for [E2 to 17

X4+D[H)+X

next H

O=Y

for =1 to 19

YAD(H+1]) +Y ; Y-X+Q[1, H} +Q[2 H ] «Q |3 ,H]+QO [4 H]

954 .



6l:
62:
63:
64:
65:
ii
67:
68:
69:
70:
71:
72:
73
74:
75:
76:
77:
78:
79:
80:
Bl:
82:
83:
84-
B5:
B6:
87:
88:
89:
90
9]:
9z:
93:
94
95:
96:
97:
g.
99;
100:
10r:
AQ2:
103:
104:
105:
LDS-
107:
108:
109:
110:
111:
112:
113:
14:
115:
116:
117:
118:
119:
120:

248

rext H

for =]l to 1lE

(Q1,H]+Q(1,1+1]) /2+Q[ 5,H] =06, 1) +Q[ 7,11) +Q[8, 11}
next H
ent "LEPT FOOT ? (1=YES)",r20;if r2Q=1;gsb "LEFT"
"LEFT": ' N o
for A=l w 4:far B=l to D[27]-1.°
(-1)0[A,B}=0O(A,B] ‘
next B;next A _
for A4 tc &;for B=1 to D[27]-2 -
(=1)QO[A, B]«O{A,B]

next B;next A

ret

% " MULTIPLE PLOTS"
dim Y[8,20},X[8,20),P5(1] .
T}jm(j‘"*bﬁ[l],'“fl"lbf (s.)"=NS[2]_
fxd 2 ;ent "VELOCTITY (1=YES) or AC/TION (0=YES)",E:if E=l1gsb "ELO"
if B=0 gsb “ACTE"
gsb "ALOT"
gsb "VertL"
wth 7,12;3mp 4
erd

Ao :
gsb "PMIN" -
ent "MIN Y",r3;ent "MAX Y",r2;ent "MAX X", r0;ent "MIN X",rl
gsb "PMIN"

if rl<0 ard r0>0;r0+ae(rl)+r5

if £1>0;p0-rl=tS ,

if £1=0;r0+r5:300+X 13 ’ )
if r3<0 ard r2>0;:r2+abs(r3)+6 3 e
if r3>0;2-r3+ré6 M |

if 13=0; r2+06;490+Y \
17+r11;14+r12 %ﬁ
47.2r1l+rll;37.8rl2+r12;r11/47.2r5r13;r12/37\fr6+rl4
if rl<0; Iﬂ}*ags 47.2rlr13)+X o

if r3<0;450+abs (37.8r3rld) +Y
if rL?ﬂJ:BDO*x

if r3>=0;450=Y

wtb 7,27,79,int(X/64) , int (X) , 1nt (Y/64) , int (Y)

rOrl 3*47 . 2+0;r 1Ir 13%47.2+P; r2r14* 37 .8+Q: r X 14*37 .8=+R
if cl>=0:0«P;0-47.2rlrl3+0

1if r3>=0;0+R; -37 .8r 3rl4«Q

u&b 7,27 46,"|",1nt(10/64) int(10),0
27 65, int (0/64) ,int (0), mt@,fﬁéi) int(Q);if flql ;cfg 1;9mp 2
lDSSBB-wrt?PE[l] ;sfg l;mp -1
.97, mt(ﬂ/ﬁé) Lnt(D mt(R/Eii), int (F)

-~ ™

wth 55 mt(P/EA) mt(P) mt(D,ﬁd) mt(D)

wtb 7 27,97, int (0/64) , int (O), int (064), int (0) ;wrt 7," ",bE[Z]

for A!l to rlO :

for B=1 to F

Y{A,E)37.8rl4+Y (A,B]

if r3>0;Y[A,B]-37.8r3rl4+Y [A,B] - :

X[A B]47.2r13+X[A,B] ; : AN
if r1>0;X(A,B)47.2rlrl3+X(A,B]

next B

next A ' %
for A=l to rl0

ent "NEXT FOINT 10 ALOT= [0!91’(}"]" A

\J\JI‘\.IQI‘NJ

" e

*9620



122:
123:
124:
125:
126:
127:
128 :
129:
130:
131:
132:
133:
134:
135:
136:
137:
138:
139:
140
141:
142 ¢
143;
144
145:
146:
147:
148:
149;
150:
1491:
152:
153:
154:
155;
156:
157:
158:
159:
160 :
161:
162:
163:
164:
165:
166
167:
168
169:
170:
171:
172:
173:
174:
175:
176:
177:
178 :
179:
180:

[ 9]
L
W

\t " PLOTCHAPACTER=", P$(1]
ent "E{EHIEIETTY g“—U

wtb 7,27,46,P5(1], int (4/64) , int (U),0

wth 7,27,65,int (X[A,1]/64) , ;nt(x[A 11),int (Y[A,1]/64) ,int(Y[A,1])
for 3‘2,33 F 7

wtb 7,27,97, int(X[A,B]/64), int.(X[A,B]), int (Y [A,B] /64) ,int(Y[A,B])
next B

fud O;fmt 3 BX,(‘:'HFE 16.3,P5(1l];prt ” E‘E‘" Usprt ® P#" ,A;sec 2
next A

ent "MIN. Y LABFL",rlé;ont "MAX. Y LADEL",rl7;emt *Y LABEL INCREMENI",rl8
if X#300 or Y#450 gsb "XY" _

fmt ,£7.0,c;37.6r14rl16+L;r16+K

if r3>0:1L~37.8r3r14-L

wtb 7,27,65,int(-(104-P)/64) , 1nt (- (104-P)), int (L/64), lnt(L)

wrt 7,K," =":;K+rli+K:[+37 a:ld:lB*L

if hia:l? ]ﬁ@ =2

ent "MIN X LAEEL",rl6:ent "MAX X LAGEL",rl7:ent "X LAPEL INCFEMENT",rl8.
firt ,£5.2:47.2r13r16+L;:116+K

if :1}0 [~47.2rlrl3+L -

wth 7, 27 65, int(L/64) , int (L), int(R/64), int (R) swret 7,|"

wtbh 7, ,27,65,1nt((L '?4)/'64) th—Zé) int (- QD‘R)/EM Lnt( (E‘R))
wrt 7,K K+rlE*K 1447, EleIlB*L

if R{arl7 P -3

wtb 7,27, 65 int(P/M4), int (P), int( (R-50) /64) , int (R-50)

ent “TITIE?.CSIEI

fmt ,crwrt 7 ,CS5(21]

ret

Y :

@7,27&5,1;1(*.(19/54 (int (P), Int(Q/64) , int (Q)

wth 7,27,46,"|" 1ﬁt(10/64) int (10),0

wtb 7,27,97, int(P/EA) int (P), int (R/64), int(R)

wtb 7;27,46,cféf(§5);iﬁt(lﬂ/ﬁd),int(lD);?

wth 7,27,97, int{0/64) , int (O, int (RA4), int(R)

ret

“ML‘-!

ret B
ertl":

ent m OF Y AXIS",NS[3]

wtb 7,27,6 .mt((PillO)fM) , int (P-110), mﬁ((Q—E:D)/Eé) mt(@-lim
wtb 7,27,77;Eﬁt X,C

for A=1 to 2

wrt 7,N8(3,A,A]

next A

ret

*VELO" :

4+Bor 10 ;19+0+F

for A=l t:.s4fcrl3==ltc1§

C(A,B}+Y [A,B] ;Q[A,B] «X[A,B)

next B;next A

mm(xl*l)*rl smax (X[*] )+ O;min{Y([*])+r3; F&K(Y[‘])*{E

ret

4¥P*le:LE¥Q*F : ‘
for A=] to 4;far B=l1 to 18

OlAH4 ,B]+Y(A,B] ;Q(AH4,B] =X [A,1]

next B;next A

min(X[*] )+l max X[*])+r0 min(Y{*])+r3;max (Y[*] ):gr?

ret
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WO~V awh+—O
.

o
N»JS..".."

13:

—
Lj\.l:-

250

dsp "LINFAR VEIS OF DISTAL ENDPOINTS";wait 1500

ent "FIIE $ TC BE SED :",Q

ent "Right Side{llor left Side(2]?",S

dim .48),B(20,28},0{27),25(21,36],KS(14,11),R(20, 14]
dir [2 66),NS(4,22)

trk 1;1af QIA[*] B[']'D[']?kif O+l,25,KS;trk ©

ent "(IMIENE fup to 0 haracters]” C$(1])

if S=1;"RIGT SIlI "oKS (1]

if S=2;"LFFT SILE:"+KS[2]

fa I= l to 14

: for IFl to D{27]-1
: Y ((BIHL, I]-B[H,1]) 2+(B[H+], 1414] B[1, I+l4]) 2)+R[H, 1]
: R[H,1)*D[{1]/(100*D{1#+1])+R[H, I]

next II” > .
: next I
: ent "DO YOU NEED RAW DATA? (0=NO)", P;if P=0;qtc 24 -

l6: wtb 7,10,10,1¢,10,10,10

17:
18:
19:
20:

fmt 1,14x,60"-", /wrt 7.1

fmt 2,14x,60,/

wrt 7.2, "LINEAR VEIOCITY DISTAL ENC POINTS FOR THIGH,LEG & FOOT."
fmt 3,14x,c22,c11,25,/;wrt 7.3,"IN m/sec FOF THE ",K$(S],CS (1]

21:wrt7l

22:
23:
24:
5:
26:
27:
28:
9:
30:
31:
32:
" 33:
34:
35:
36:
37:
38:
39:
40:
4]1:
42:
43:
44:
45;
46:
47 :
48:
49:
50:
51:
5Z:
5‘3.
54:
5:
%.
57:
58:
.959:
a).
*65

frt 5,14x,c6,4cl6,/;wrt 7.5,"FRAvES" ,"HIP", "REFE " INKLE “TCoE"
fmt 4,14x, f20/,t3623ﬂ.62 .
if S=1; 2-A,9«B, 10+C;11+2 .

if S-—-2;20A;12*B;13¢C;l4»z T

if P=0;gto 30 :

for ¥l to D[27]-1

wrt 7.4,H,R[H,A},R[H,B},R[H,C]},R[H, 2] ,
next H;wtb 7,12 .
t " MUITIPLE PLOTS" :
4+prl10;19+0F P

dim Y[4,19],X(4,19],PS(1}

far Ikl to 19 . o
R[H,A}+*Y (1, H] ;R[H,B]*Y{2,H] i
R[H,C)+Y (3,1];P[H, Z])+Y {4,H]

next H

0+X o
for K2 to 17 : - :
X+C(H]+X "
next H : ’
0-Y

for 1=l to 19

YHO[H+1)+Y; Y-X+X[1,H]*X[2,H}+X[3,11}+X[4,H] i

next H .

ONTIACT"sNS [1]; "TIME (s.)"+NS[2)

Hrd 2

gsb "PLOI"

gsb "VertL"

erd

QQ:’

mm(X[*])orl-nm(X[*])*rO sman (Y (*]) - 3; na((Y(*])orZ

gsb "PMIN"

ent "™MIN Y",r3;ent "™MAX Y",r2;ent "MAX X", r0; ent “MIN X", rl
gsb "PMIN"

if r1<0 amd r0>0;r0+abs (rl)>r5

if rD0O;r0-rlerS

if rl-O;rO-’rS;JOOox

if r3<0 ad r2>0;r2+as(r3)+ré6

if 3>0; 21 3+16
Séf 3=0;r2+r6 ;4 0+Y



6l: 17+rll;14=rl2

62: 47. Erll*fll :37.8r12+12;r11/47 .2r5rl13;:r12/37.8r6=r 14

63: if rl<d0; 30&@5(47.2:1:;4)*1( .
64: 1f r3<0:450+abs(37.8r3rld) «

65: if rl>=0;300+X

66: if r3>=0:450+Y

67: wtb 7,27,79,1nt (XA4) ,int(X) ,int (Y/64), int (Y)

68: fDri*ﬂ 24{)-:1113*47 2*?*{‘2::14*37 8+0; rirl4*37 .8+R
69: if rl>=0;0«P:0-47. 2rlrl3s0

T0: if r3>=0;:0+R; (=37 .8Br3rl4=C

71: wtb 7,27, 46 "l" it 10/64), int(10) ,0 .
72: wtb 7,27,65,int (0/64) gmt(D) int(Q/64), int (Q);if flgl;cfg 1;jmp 2
73: wtb 7,27, 108 8,8,8:wrt 7,N5[11: sfg 1:inp -1

74: wtb 7,.2=7 97, mt((;/&:é) int (0), int JE:-:!) int (R),

75: wtb 7,27, 46 char (95), mt(lD/’E4), Lnt(lD) 9

762 wtb 7,27,65, mt(F/’EA) ANt (P, int (0/64) ,1int (0)

77: wtb 7,27,97,int (O/64) ,1nt(0), int (0/64) , int (0) ;wrt 7, *,NS(2]

78: for A=l to le

M: for B=1 to F

80: Y|A,B])37.8r14+Y[A,D)

8l: if r3>0;Y(A,B]-37 .8r3rl4+Y[A,B]

B2: X([A,B]47.2r13+X[A,B]

83: 1f rl>0; X (A, B]47.2rlr13+X(A,E]

84: next

85: next A

B8B: far A=] to rl0

87: ent "NEXT PUINT 1C PIOT= [0=ST0P)",

88: if A0 o A>rl0;gto 98

85: ent “PLOTCHARACIER=",P$[1]

90: ent "PICTUENSTTY =", U

9l: wtb 7,27,46,P5(11], mt(U/E!) int @),0

92: wtb 7,27,65, mt(K[A l]/EA),mt(x [A 1)), 1nt(Y[A,1]/64),int(Y[A,1])

91: fox B=2 a:s

94: wth 7;27;97;int(3[A,E]/§4),int(X[PpE])plﬁt(Y[A,E]/E4);iﬁt(![A.E])

95: next E

9%: fxd 0;fmt 3,8x,c;wrt 16.3,FS(1];prt " PL",U;xt " Pi“ Azsc 2

97: next A

98: ent "™IN. Y IABEL",rl6:ent "MAX. Y LAEFIL" ,fl7 ent "Y LABFL. INCREMENT",rl8
99: if X4300 cr Y#450;gsb XY™

100: fmt ,£6.0,c:37.8rl4rl6+L;rl6+K

101: if r3?D;E37.8r3r1%t-L

102: wtb 7,27,65,int (- (104-P) /64) ,int (- 104-P)), int (L/64), int (L)
103: wrt 7,K," -":;K+rl1B8+K;1437.8r 14r] 8+L

104: if K<=rl7;jmp -2

105: ent "MIN X [ABEL",rl6:ent "MAX X LALEL", rl17;ent "X LABF. INCHEM
106: E,Tt ,£5.2;47.2rl3rl6+L;rl6=K

107: if rl>0;147.2r1rl13+L

LQS' wth 7,27,65,int(L/64) ,int(L) ,int (R/A4), int (F);wrt 7,"|"
109: wtb 7,27, 55 mt((L—.dél)/E'i) mt([r-Zé) Lnt( (EG—R)/’E“I) (int (- (20-R))’
110: wrt 7,K; K+r18+l'< :[+47 . 2r1 X 18+L

111: if Ki%’:l‘?;j@ i3

112 : wtb 7,27,65,1nt(F/64) , int (P), int ((R-%0) /64) , int (P-50)

113: ent "TI‘I‘LE",C$[2]

114: fmt ,cwrt 7,G5(2)

ENT™,rl6

115: ret

116: "XY": L~
117: wcb?,yﬁs int (P/64) , int (P), int(Q/64), int (Q) L
118: wtb 7,27,46, 1", int (10/64) , int (10),0 "'>
119: wtb 7,27,97, int(P/64) , int (P) , int (F/64) , int (R) ,
120: wtb 7,27,46,char (95), int(10/64) ,int (10),S /

*5145



121: wtb 7,27,97, int(0/64) ,int (O) ,int (R/A4), int (F)
122: ret

123: "BMIN™:

14 : prt " MIN Y, r3;ort " MAX Y“,EZ-pft " MIN X", rl;ert " MAX X°, rDsg:

125: ret

126: ™dertl":

127: ent "NNE OF Y AXIST, NS5[ 3]

128: wtb 7,27,65, mt((P-llD),féd) int{r=10), mt(@‘l;&))fﬂ) mt(osl"m

129: wth ’,.;.7 77 :fmt x,C

130: fer AL toO 22 7

131: wrt 7,N5(3,AA) . _ A o
132: next A L

133: ret : . -
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\},)

i

0: % "VEICCITY OF CENTPE OF MASS™
1: dsp "4 (X,Y, DTELACIMENT, VELOCTTY | " wai t 1500

2: dir A[20,28),5120,28],D (37],5 114] ,M] 141, 212,20,V (3,19}, 25(3,1)

3: dim KS[1,50],0f2,19], Ci1,19]

a: . me2S[1];","28(2] ;™ "e 7S (3]

St .5+5[1]+E(2] ; .436+5{3]+5[6] 7 .43+5(4 }+5[ 7] ; . B+S[5]+5 (8]

6: .433+5(9)+5[10])+5[12)+5(13];.45+5[11]+5{14] ,

7: .096+M[1]; .458+M[2);.033+M[3]+M6]; O19+M[4 }+M (7] ; .0065+M[5]+M (8]

8: .105-M[]+M[12]; .04 5-M{10]+M([13]; H145+M[11]M[14]

9: ent "FILE # TC BE USED 2", 0 .
10: "trk 1

i-zl- lde Al*],B[(*],D{*]

13: for H==1 to D(27]);:0+TsU

14: for I=1 to 14 B 7

15: A{H, 1)-EBll, 1]*C;abs O)+0;A[H,1+14] =B (H, I+14 |+P:abs(P)+F
16: S[{I]OK;S{I]PsL

17: if A[H,I]@I(, 1) :K+A[H,1])+E;gto 19

18: A[H, I] K-E

19: if AH,I+14]<B([H, I 4];L+A[H, I1+14]+Fgto 21 . o e
20: A[H,I+14])d»F »
21: M[I]EsC;M[I])PD;C4+TeR; WOR*’I‘,Q*U

22: next 1

23: ReZ{1l,H];(»Z[2,H];if Hel;Per7

24: if Rr7;kr7

25: if Or7:0er7

X%: if Wlgsh "cmout”

27: next L

28: ent "PRF. (1) o NONPFFF. (0) ",r20; if r20=1;1-A

D: if r20=0;2-A

.30: for H=l to D(27]1

31: if Bl or H=D[27]-1;V(3,1i] +O[A, Ii]
R: (V[3,B+1]D[H+2]+V (3, H—l]D[lﬂ»l])f(D?El]*E[H-kZ])a—D[A H)
33: next H

34: if r20=1;qto0 9

35: O=X

36: for 2 to 17

37: X+D[H]*X

38: next H

39: O»Y

40: for ¥l to 19

41: Y+D[1E110Y;Y—X*Q[1,H]

42: next

43: wait 2000 beep

44: gto 51

45: "oman": oo
46: (z[1,H)- 1)1)D[1]/100+rl : ‘ L
47: (z(2,11 /]2, 1-Y])D[1]/100+r 2 i A
48: {( 24r2" 2)~r3; rl/D{H)+r4; r2/D{Hj*r 5;r 3/D[H] +r6 '

49: r4+V(1,1-1];r5V (2, H-1] ;r6+V (3, B-1]

50: ret ]

51: § " MULTIPLE PLOTS" )

52: dim Y[2,19],X(2,19],PS(1],1$(3,20) ‘

53: "OONTIACT"+NS (1]; "TIME (s.)"+N$([2]

54: for Il to 19 - :

55: O[1,H]+Y[1,H];0[2,H])+Y[2,H];O[1, H)+X[1,H]}+X[ 2,11
56: next H

57: 2+Perl0; 19+Q+F

58: gsb “PLOT"

59: gsb "VertL"

60: wtb 7,12;erd
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6l: "ALOT": : ,

62: min(X[*])+rl;max (X[*])+r0;min(Y[*])+r3;max (Y[*])+r2

63: gsb "RV.IN _

64: ent "MIN Y",r3:ent "MAX Y",r2;ent "MAX X", r0;ent "MIN X", rl
65: gsb “PMIN" |

6: if r1<0 ard rO>0;rO+abs {rl)-+r5

67: if rl>0;0-rl+r5S

68: if rl1=0;r0+r5;00+X

69: if r3<0 ard r?)O;r2+ebs(r3)or6

70: if r3>0;r2-r3~r6

71: if r3=0;r2er6 ;450+Y

72: 17+rll; l4¢rl2

73: 47. 2rllorll 37.8r12+r12;r11/47.2r5c13;r12/37.8r6+r 14

74: if rl<®; I)0+a>s(47 2rlrl3)=+X

75: if r3<0;450+&>s(37.8r3r14)*¥

T6: if r1>=0;300+X

77: if r3>=0:;450+Y

78: wtb 7,27,719,1int (X/64) , 1nt (X) ,int (¥/64), int ()

79+ rOr13%47, 2+0; TLr13*47 . 2o P; r2114%37 .8+0; 1 3r14* 37 8K

80: if rl>=C ;0+P0-47.2rlrl3+0

Bl: if r3>=0;0+R;(~37.8r3rl4+C

82: wtb 7,27 46,"!",1nt(10/64) int(10) ,0 -
83: wtb 7 27 65,1nt (0/64), mt(O) mt(Q/EA) int (Q): if flgl;cfg 1 ;3¢ 2
B84: wtb 7, 108 888-wrt7N$[l] stq l,)np -1

85: wtb 7 97,'mt(0/64) ,int(O),int(R/M),int(F)

86: 'wtb 7,46, char (95), int (10/64), int(10) ,9

£7: wtb 7,65,1int (P/64) ,1nt(P), mt(0/64) mt(O)

88: wtb 7,97,1int (O/64) , int (O) ,int(0/64) ,int (0) ;wrt 7, ",N$(2]
89: for
90: for B=l to F

91: Y([A,D]37.8r14+Y[A,B] 3

924 if r3>0;Y([A,B]-37.8r3rlé»Y (A, B]

93: X[A,B]47.2r13+X[A,B]

94: if rDO;X{A,B}47. Zrh:BoX[A B]

95: next E J

96: next A . -

97: far A=l to rl0

98: ent "NEXT POINT 1O PIOT= [0=€TOP]",A

9: if A0 a A rll;ato 109

100: ent "PLCIU]I\WCIERB",PS[I]

101 : ent "PLOTDEXSITY =",U

102: wtb 7,27,46,P5(1], int(J/64), int(U),0 :

103: wtb 7,27,65,1int(X[A,1]1/64), mt(x(A 1]1),int(Y[A,1]) /44),int (Y[A,1})

104: for B=2 to F

105: wtb 7,27,97, int(X[A,L]/64), int (X[A,E]), int (Y[A,L) /64), int(Y[A,L])

106 : next E 7 :

107: £H3 O;fmt 3,8x,c;wrt 16.3,PS[1];prt " PD",Usort " P#",A;spc 2

108 : next A

109: ent "MIN. Y IAPIL",rl6;ent "MAX. ¥ LADFI”,rl'i ent Y LABE m&n&",:m
110: if X#300 or Y#450;gst "XY"

111: fmt ,£7.1,c;37.8r14rl6+L;r16+K st

112 if r3>0 [~37.8r3rl4~L AR

113: wtb 7, 27 65 int(-(104-P) /64) ,int (- (104-P)), mt(L/E:A),;*gL)

114: wrt 7 K," —%; K+rl18+K; 1437 8rl4rl80L

115: if K<=r17 )np -2

116: ent "MIN X LABEL", rl6;cont "MAX X [AB[-L rl7;ent *X LAEE INZP}ZLI" rls
117: .fmt ,£5.2;47. 2:13r16»L rl6+K .
118: if rl)O L—47 2rirl3-L

119: wtb 7, 27 65, int (L/64) ,int (L) ,int(F/04), int(F) ;wrt 7,"|"

liggortb 7,217, 65 mt((L—24)/64) 1nt([r24) mt(—(2DﬁF)/64) int (- (20-R))

*



121: wrt 7,K;K+rl8eK; #47.2r13rlE~L

122: if K<=rl7;jmp -3

123: wtb 7,27,65, int (P/64) , int(P), int((R-50) /64) , int (R-50)
124: dim G(1,66] ;ent "TITIE",CS[1]

125: fmt ,cywrt 7 ,CS(1]

126: ret » ..

s "Xy":

128: wtb 7,27,65, int(P/64) ,int (P), int(Q/04), int(Q)
129: wb 7,27,46,"1",int(10/64), int(10),0

130: wtb 7,27,97, int (P/64) ,int (P), int (FA4), int (R)

131: wtb 7,27,46,char (95),1nt (10/64) , int (10) ,9

132: wtb 7,27,97,int(0/64) ,int (O) ,1nt(I/64), int(F)

133: ret :

134: "PMIN": i

135: prt * MIN Y",r3;prt " MAX Y",r2;prt " MIN X", rl;prt ® MAX X", 10 spc 2
136: ret

137: ™wertl":

138: ent "NAME OF Y AXIS",N$[3]

139: wtb 7,27,65, int ((F-110)/64) ,int(P-110), int ( (Q-150) /64), int (Q-150)
140: wtb 7,27,77;fmt x,C } .
141: for A1 to X -
142: wrt 7,NS(3,A ,A] S
143: next A

144: ret

*11935
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0: % "AILULIAR RANCE OF MOTEN"
1: wb 7,10,10,10,10,10,10
2: fmt 1,15, f E 3, 4f12 D,E.Eg 14
3: fmt 2,15%,c8, 4:;12 /. /:fmt 3,15%,¢,/./7./
4: ent "FILE 727722",Q
2: dim .1\[3) ,28],8B(20,28),C(27],5$(100], Y[4,20], x[ﬂ,ZD] 1(1,20]
: trk
7: 18f QA [*],B[*]),C[*]
8: trk O ‘
9: ent "RICMT ROOT' 2 [lsYes)",C
- 10: if o=l ;sfg 1;9+5;3m 2 p
11: 12+5;sfg 2
12: ent ‘CCH-EJ'T 220,55 wrt 7.3,55w t 7.2,°t", "D>TUIG] S, M, TAL”
13: O»TX[1,11+X[2,1] *X[B 1]+X{4,1] :
14: for il to D[27]
15: j((A[H ,S+1]L[11,5+1)) " 2+(A[l,S5+15] B [l,5+15] )- z)a-r« ' -
16: y ((A[H,5+2]-B[H,5+2]) “24(A[H,5+16] B[H,5+16]) 2)+N
17: B[I,S5+15]-A[H,5+16]+B(l, S+16] 40 [li,5+16]
18: B{H, S+l]=:ﬁ[h, 2]*E[H S+2 1+E[H,5+2]
19: vy ((A[H,S+1)BliLS*2]) L4 A[H, S+15] £(i],5+16])"2)+C
20: acs ((M 24N 2-Q72)/241)+r 13=Y[4,11]
21: atn((E[H 16)-A(1,16])/B(11,2]-[11,2]))+rl0
2: if rl0<0;180+rl0+rlD )
23: {((AlY, 21%[11,21) “2+ (AL 16]-BlIL16])) 2)-M
24: { ((B[H,2)~E[4,S])) 2+ (B[IL16] £ [1],5+14]) 2)«N !
25: Y ((A[H,2]£[11,8])"2+(A[H,16] £ [1,S+14]) )72)+C
%: acs({(M 2+N"EEQ 2) /2N )er0=Y (1,11]
27: ¥ ((A[H,S]B[H,S]) 2+ (A1, S+14] B(1,5+14])"2) M
. 26: y( B[H,S]B[H,5+1]) 2+(C [il, S+14] -P[l1,5+15] ) 2)*N :
29: ((A[HS)BH,5+1]) 2+ (A[H,5+14]) £ (1, S+15]) %)a@ ' AT
20: ace ((M24N 2-C72) /2Mi)+rleY (2 H]
31: rl0-Y(3,1] mwrt 7.1,T,r0,cl1,r10,r13
32: TeD[IH1]+T
33: next H -
34: wtb 7,12;4+Perl0; 0+0+F
35: O0=X
36: for S=2 to 17
37: X+DIS)=X
38: next 5
39: OeY
40: for H=l to 2
41: Y+D(H+1]+Y;Y=XeX[1,H]+X[2,H]+X[3,H]+X[4,H]
42: next H .
43: dim O$[1],N5(2,20] , ,
44: mi@[l] 'TIFE (s.)"+NS(2]
45;: fxd 2;g8b "
46: gsb 'VE:EL"
47 erd
48: "HOT": T
49: max (X [*])+r0;min(X[*])+rl ;max (Y [*])+r2;min(Y[*])~r3 : i
S0: gsb "PMIN® .
Sl: ent "MIN Y",r3;ent MAX Y*,r2jent "MAX x“,rD;g‘:\t "MIN X",rl .
52: gsb "PMIN" )
53: if rld ard Y0>0; :D+¢E(t;l)=-—r5
54+ if rl>0;r0-rlsc5
85: if rl=0;r0+r5;300«X
56: if r3<0 ard z:Z}D;:Z*ﬂ::E(rZ)*rE ,
57: if r3>0;2-r3+r6 e
S8: if r3=0; r2+r6;450+Y
59: 17+rll; lh-fu
60: 47.2r11+rll;37.8r12+r12;r11/47.2r5+rl3; rl2/37.8ré+rl4

*478



6l:
62:
63:
64:
65:
66:
67:

69:

71:
72:
73: wtb
74.

Wﬂm

99

LH.
115:
116:
117:
118:
119:
120:

if rl0:30+abs 47.2rlr13)+X

if r3<0:450+as (37 .8r3rl4)+Y

if rl>=0 ;300X >
if £3>=07450+Y ‘
wth 7,27,79,1int (X/64) , Lnt(X) int (Y/64), int (Y) )

fOrE‘fi 2=-C)- rlrl 3*47.2+F; r2r14*37 B*QrB:lé*B? .8+F
if r1>=0:0+P;0-47.2r1rl13+0

: if r3>=0:0¢F:0~37.8r r14+Q

wtb 7,27,46,"|" ,int (10/64), int (iC),0
: wtb 7.27,65,int (0/64) , int(0) , mt«:/m) int (c if flgl;cfa 1;jmp 2
@7,271@8&851-4&7 N (1);sfg 1;3mp ~ )
9&7,27 97,int (0/64) ,int(0), int (R/64), mt(?)
wtb 7,27, 46,@‘\3(95) mt(lD/Eé int(10),¢
5 7,27,65,1nt (P/64) ,int(P), mt (0/64) mt )
wth 7,27,97,int (C/64) ,int (O}, int(0/64) ,int (0) ;wrt 7," ",NS(2]
: fi}f A=] to rlL

: far B=l tO F

: Y(A,B]37.8r14+Y[A,B]
. if r3>0:Y[A,B])=37.8r3rl4=Y (A,B]

X[A,E]-fl 2r13+x(A,B) Lo
: if r1>0;X[A,B]-47.2r1r13+X(A,B]
na:t E

;naﬂ;A
;fata-ltr;trl@

: ent "NEXT' FOINT TO PIOT= [D%IDF]“

: if A0 or Arl0;agto 55

ent "PLOTQIARACTER=",&5(1)

: ent “PLOTDENSITY =",U

: wtb 7,27,46 ,05(1], lnt(U/EA) int U),0

: wth 7,27 65, lnt(X[A.l]/Ed) mt(X[A 1]),int (Y[A,1]/64), mt(Y[A 1])
: far B=2 to F

wtb 7,27,97,int (X[A,B] /64) , int (X[A, B]), int (Y[A, B} /64), int(Y[A,B})

: next B

fxd 0; fmt 3,8x,ciwrt 16.3,08[1);pct * D", Usprt * P#",A; S 2
nath

: ent "MIN. Y LABEL",rl6jent "MAX. Y LABEL",r17:;ent "Y LABEL INCREMENT",rl8
'LEX#IE){:IYHET s XY"

fmt ,£6.0,c37.8r14rlé+L;rl6-K
if r3>0 L—37 Brirld-L

: wth 7, 27 65 int (- (104=P) /64), int (- (104-P) ), int (L/64), int.(L)
: wrt 7,K," K*ElB*K HEES) Br14rlB*L
: if K€!t17 =2

"MIN X LABEL rlésent "MAX X LABEL",rl7;ent "X LABEL INCREMENT™,rl8

ﬁ

: fmt ,£5.2;47. EtlklEkL-fl&l—K
: if d?D;H’i ZlrliL

: wth 7,27,65,int(L/64) ,int (L) ,int(R/b4), mt(ﬁ)-wtt 7 b

wb 7,27,65, mt((L—24)/‘E4) mt(IfEL‘l) mt(*(E}R)/&% int (=(20-R))
: wrt 7,K;K+rl8«K; [#47. 2?:13:18*1_. )

if i{irﬁsfp 3

wtb 7,27,65,1nt (P/64) , mt(P),mt((R-ED)/Ei) int (R=50)

dirh CS[1,66) ;1+N;zent "‘rm LCS[N]

: it , ciwrt 7,C5(N)

ret

wtb 7,27,65,int (P/64) , int (P), int (Q/64) , int (Q) -

wtb 7,27 46,“!',1nt(lG/64) int A0),0

wtb 7 27,97 int(p/64), mt(P),mt(R/E4), int(R)

wth 7,27,46, dE(?E),lnt(lD/&‘” int 10) ,9

wtb 7,27,97, int (0/64) ,int (O) , int (R/64) ,int ®)
ret
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121: *"BMIN": .
122: prt " MIN Y*,r3;prt © MAX Y',r2;prt © MIN X", rl;prt ® MAX X", r0:spC
123: ret .

124: "VertL":

125: dim K$[22];ent "NAME OF Y AXIS",KS

126: wtb 7,27,65, int((P-110)/64) ,int(P-110), ing ((Q-150) /64) , int (Q-150)
127: wtb 7,27,77;fmt x,cC

128: for Ml to 2

129: wrt 7,KS[AA]

130: mext A

13: ret :
*27919 - ..
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TDE IN cs ,rQ fQ-rrE)
x[3 114],T(r0] ,A[r0],Y(3, 1_141 R[7]
"Set start point as origin”;wait 100U ;beep
"EigltlE end point”;red 4,h E;leen
itize 6 p. af inactive line";wait 1500 ;beep

? it

"digi Enmt ", A red 4,X,R(A]
A

0+

1l: for A=l t0 6

1z:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24:
25:
E.
27:
28:
29:
30:
31:

QOHR[A]+Csmext A -~ )

E*R[?
(W 24E 2)*:1. :L/r(&*rz
dsp "start digitizing with blue ";beepjwait 1500 ;beep

dsp "NOW MWVE SLOWLY 1'M DIGITIZN;" 1=A

if Al>=rOgto 21

red 4,X,Y;%X[1, 2] ;X(1,Al}AeErwait 0

if EXr2;jmp -1

if ED=r2;Y+T[A] ;A+l+A; 70 -3

for A=]l to 0 /
T[A]-R[7]+A[A] .
if A[A]<0;0=A[A]

next A .

fao A=l to 0 )

100A (A] Mnax (A[*]) =Y [1,A]

next A

for E=1 tO rD

O+A[E]

next E

J+pPer 10 ;:rU+0O«F

: ent "WHERE THE IMPACT ? ",r50;-r50=r51

: for =l to F

: H/00+r51/100+X[1,11]

: next H

: ent “RCORD DATA ? (0=ND)",r70;if r70=0; jmp 4

: ent "FILE TO RECORD DATA ?",r60;ent "“TRACK #",rél
: trk 6l;ref 60, X[*),Y[*]

: trk O;pet " FILE ", r60;prt "#4 "0

' :\E;Lt ;dim O$[1]),N$(2,20]; EEEF-\iait 2000 ;beep

mfm“ﬁlll "TIME (s.)"+N5{2

—f:njz:géa *PLOT®

: gsh, "VertL"

: gsb "PRINT"
: erd

"o :

mex (X [*])=r0; mn(xl*]){-rlfma(k'[*])*rx,.mm(‘;'[‘])*r;i
asb "PMIN"

=10+c3;:100+r2 ;}ent "™MAX X", r0 ent "MIN X",rl

gsb “Hml

if rl<d0 ard r0>0; Eﬂ*iﬁ(fl)*ffp

if rl>0;r0-rl+r5

: if r1=0;rO0+r5;300+X :

: if r3<0 ard r2>0; r2+¢5(:37a::6n\ C

: if 3>0;x2-r3+rb .,
s if r3=Q,t2*tﬁ 450+Y —_

: 17+rll:3=rl2

47.2r11+rl11;37.8c12+612;011/47.21r513

59: r12/37.8r6+r14

if rl<0; 300+abs (47.2rlrl3)X

*7204 .
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61l: if r3<0;:;450+abs (37.8r3rl4)+Y , ,
62: if r1>=0;300+X ‘ !
63: if ri>=0; AE!D*Y L

64: wtb 7,27,79,1int (X/64) , int(X), mtiY/Eé),].*(Y)

65: rOrl3*47. 2-0*:1:13*47 2*?*::314*37 8+=rirl4*37.8+R

66: if rl1>=0;0+P;0-47.2rlr13«C

67: if r3>=0; {)*P Q{fl Brirl4-C

68: wtb ? 27,46, l“.lrt(l@/é-ﬂ nt (10) )

69: ,27,65,int (G/64) t(C mt and Lt (C); if flal;cfg 1l;:;ymp 2
70: J7 lDEBBSvrt'}N;ll,,siq ljrp -1 ) .
7: ,27,97,1int 0/64) ,1nt(0) , int (F/64) ,int (R)
72: 7,27,46,char (95), mt(lu/ft-d) ,mt(lD) .9
13: ,27,65,int (P/B4), Int (P, 1nt (0 764) , 10t (0)
74: wtb 7,27,97,int 0/64), 1nt(C) ,int (0,64) ,1nt(0)
75: for [Fl to F

76: Y(1,B}37.8rl4=Y[1,B]

77: if r3>0:;Y[,B]-37 .8r3rl4=Y{1,B]

78: x[1,B]47.2r13=X[1,B]
79: if r1>C:X[1,BL-47.2r1r13=+X(1,B]

80: next F

8l: for A=l to rll -

82: ent "NEXT PUINT TO PLOT= (0=STOP]",A

83: if A0 or A>rld;gtoh 93 i

84: ent m&' 05(1)

85: ent "FLOTIEXEITY =",U *

86: wtb 7,27,46,C5(11, mt(‘U/GA), int(U) ,0

87: wtb 7 27 65, mt(xll 1]1/64), int(X[1,1}), int (Y([1,1]/64), int(Y[1,1))
88: far 5!2 to F

89: wtb 7,27,97,int (X{1,B] /H4), int(X{1,B]), im (Y{1, B)/64) ,uv};ﬂ[l Bl)
90: next E
91: fxd 0;fmt 3,8x,c;wrt 16.3,08[1);ort ° PD",Usprt * P4%,A;spc 2
92: next A

93: 0»rl6;100er17:25rl8

94: if KJII'J or Y#0; -_~y"

95: fmt ,£6.0,537. Erl r16+L;r16+K

9% : if :3}@ Ls—3'7 .8r3rl4-L

97: wtb 7,27 65,int (~ (104=P) /64)yint (- (104-9)), mt(L/EA) int(L)
98: wrt 7,K," - '-R-Frl&-l( 1437 .8Brldrlé=L R
99: if K<=rl7;jmp -2 ’
100; ent "MIN X LABEL",rl6;ent *MAX X LABEL",rl7;ent "X LABEHL DLTB‘EHT" rls
101: fmt ,£5.2:47. ZrlilﬁvﬁL.rlEa-R

1@ if A>0; H7 2rirl3=l,
103: wvtb 7, 27.65 int(L/64) ,int (L), mt(R/‘EA) int(R) ;wxt 7,"1"

104: W 7,27,65, mt((L—ZA) ﬁl),mt(kﬂ) int(=(20—R)/64) int (= (2D=R))
- 105 wrt 7 K; K*rl&eﬂ-&fi 2rlirlB-L

106: if K{itl?e?;

107: wtb 7,27, int(P/Ei) int (P) ,int( (R=50) /4) ; int (R-50)

108: dim Csll E] 1+N; ent "rmz‘ ,C$[b‘

109: ﬁﬂ; cwrt 7,G(N)

110: =

1l: "JT $fmt x,C
112: wtb 7, 27,65 int (P/64) , int (P), int {Q/64), int(QY
113;: wtb 7,27 46,‘I',1nt(10/64), int(10),0 .

114: wtb 7 ,27,97, int(P/64) , Lnt(P),mt;Mst) int (R) .
115: wtb 7,27 46, char (95), mt(lﬂ/&i) int(10),9 : )
116: wtb 7,27,97, h‘it(@fﬁ%) ik (0), mt(l"v‘ﬁ!). Lnt(R) wrt 7,N5(2]

117: ret "
118: "EﬂIN‘.
119: prt ® MIN Y*,r3;pct * MAX Y*,r2;prt " MIN X", rl;prt ® MAX X°, 70 ;spc
120: ret )
21035
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121: "VertL":

122: dim K$[5) ;™ EMG"+KS ‘*

123: wtb 7,27, ES,mt((P-l(Il)fﬁd) int (F-100) , int ( (@-10) /54) Lnt(Q‘lQ)
124: wtb 7,27,77;:fmt x,c

125: for Ml to 5

126: wrt 7,KS[A,A]

127: next A

128: ret

129: "PRINI” wtb 7,12

130: fmt 1,2x,58"*",/.fmt 2,10x,c,/; fmt 3,c8,08,c13,08,d 3, 8
131: fnt4thDfBD,flAD,E7DEﬁiSf49DfEO

132: wt 7.1;dim T$(X];ent "TITLE®, TSwrt 7.2,TS

133: wrt 7.15wrt 7.3, "T‘IBE‘ "SEMG", "TDE" "SEMC" "I’IH;"."*EEH?‘
134: for W=l to 80

135: if Y[1,W]>=100;100+Y [1,W] )

13: next W R

137: for A=1 to 38 )

138: wrt 7.4, A.Y[l,ﬁ] A+38,Y (1, A+38] ;wtb 7,27,10

139: if A=80; ?p

140: wrt 7.5,A+76,Y (1, A+76)

141: next A

142: wtb 7,12;wtb 7,27,69

143: ret . '
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