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Through suhst i t~t ion'· of the forces and torques from figures 
'ij;i'.j 

lOc and llc, the following was obtained: 
'• 

Hz = -wz +'p Mzaz <l 37 ,. 
~:,· 

~. ,; 
-

I>'( 
.• - rzPt Izaz <l 38 

·' 

The fo~ce equations applying to the upper body which 

has been simpli£ied into the plain translational system of 
;i 

a "rigid"'body are: 

<! 39 
:: ·. 

<l 40 

Substitu~i~n of forces and torques from figures lOb 
,., t· 
! . • • (' / 

and llh~results in: 
'," \ 

') , .. ., 

Fr = F,+. (-P) -W1 = M1 a 1 <1 41 

~ \ 
(-T) + TF + d2(-P) + d1W1 = ll <l 42 

,., 1\ knoh'ledge of the 1 inear acceleration' az' and the 

weight bf the lower body, 11' 7 , will permit the evaluation of 
_·-r·. .· ' '• ..... 

the hip .reaction force vector, P, by equation 37. The value 

of moncnt"of inertia, 1 2 , and the vector, P, in conjunction 

Hith the rotational acceleration, az, permit the calculation 

of the hip torque, T. by equation 38. 
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final phases of the piking (figure 9a), it 
\ 

has been noted that the maximum negative angular velocity 
/: 

produc~s~a reaction force -M 2 f 2a 2 acting to rapidly 

translilt~ .. the upper body backward. This inertial force 

r (whic6~rbecause of the new rotational reference system of 
\ - .. !, ' 

:/igure lOc, nowsubstanbally resides in the lzaz term of 

. equation'.:3s but is assisted by the shoulder torque, Tp, \v .• 1 
'1\ , 

and t~~ 'pendulum~action of the upper body) continues the 
),-' , .. 

rapid backward movement of the upper body that is typically 
t·; t 

taken'~o .mark the 1 end of piking. This is very evident in 
' 

·'·the s_tick figures (appendix E, figures 18 to 21). A super

posit1on~of the stick figures for the piking and kipping 

sectors m~~.have~provided a better view of the start of 

the rapid[backward translation of the trunk during piking 

and its~continuation during kipping. Under these condi-

tions,:ho~ever, rather crowded diagrams would have resulted. 

•CBecause the upper and lower body are both subject 

o dvnamic•f6rces, even a cursory mechanical analysis of 

' 
.this scctor~will require the translational p~rameters of 
': , r. 

~displacement, velocity, and acceleration for an assessment . -

~~f the direction and magnitudes of hip, shoulder, and arm 

:force~ and torques. Some tentative conclusions can, how-

·ever, he arrived at by observation of the stick figures and 

other available data. 
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A close examination of the stick figures (appendix 

E, figures 18 to 21) shows that the center of gravity of 

the lower body moves from a relative stationary position 

(at approximately two-thirds through the piking action) 

backward and upward to about twenty-five to thirty-five 

degrees from the horizontal on the subjects tested. Hence, 

the initial linear accelerations must also be in the same 

general direction as shown in figure 10. During the later 

phases, the translational velocity of the center of gravity 

tends to slow down as the bar reaction force F' changes 

direction and the rotational forces of the lower body be-

come more dominant. These forces oppose backward trans-

lation. Linear horizontal acceleration thus reverses as 

shown in figure 11. From appendix H, figures 65 to 68, it 

can be observed that in this region of the sector distances 

decrease between successive ten-frame data points of the 

total center of gravity. This, 1n turn, indicates a de

crease in velocity and, therefore, a reversal in accelera

tion not only along the horizontal but also along the path 

of motion. Conversely, vertical velocity and acceleration 

increased (sec figures 65 to 68 and appendix E, figures 18 

to 21). 

A study of figure lOb and equation 42 indicates 

that the torques, ( -T) ancl T, tend to raise the hips while 



the torques, dz(~P)}~~d d1W1, have the opposite effect. 
i~/ ' ,,,,_) 

Since there is ii tt~e rotation of the upper body these two 

sets of torques must -:be reasonably balanced. ;;·,,.. ' 

\ ·,., 

Equation 41 and figure 10, in conjunction with the 
·~; .,, 

stick figures, also provide some further insight into the 

translatory m;tion of the upper body at the start of the 

kipping action: The' force vector F (opposed by -P) acts in 

a direction to induce Ja translatory acceleration backward 

and upward. The- weight w1 has only a vertical component 

and tends to retard upward motion only. The center of 

gravity CGz sho~s iricreasing initial acceleration back-

ward and upward.at about ten to fifteen degrees above the 

horizontal. Thi~ is evident from the fact that the thighs 

in figures 18 to~Zl (appendix E) ~ave in this direction 

during the initial transitional phases from J>iking to kipping 

action. Since CG 1 is moving faster than CGz, the initial 

upper body trari~latory acceleration a 1 is greater than 

that of the lower' body. Additionally the force causing 

translation M5:-·is greater for CG1 than for ~Gz because of 

.its greater ac~eleration and the somewhat larger magnitude 

' of ;.11. 

Figure 11 illustrates conditions at just past the 

midpoint of the kipping action. A description of the major 
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differences between this stage and the start of the kipping 

sector follows in the paragraphs below. 

The horizontal component of the translational ac

celeration a 2 of the lower body center of gravity is now 

reversed (figure 1 Oc). This causes the horizontal force 

components of P and (-P) to reverse and act to increase the 

backward horizontal force component. The inertial force of 

the lower body rotation is now pushing the upper body back

ward instead of pulling it. 

The bar reaction F' which by previous assumption 

is equal to the shoulder force F tends to slow the hori

zontal velocity, but increases the vertical component. F 

and Tp are now also at a more favorable angle for the appli

cation of increased shoulder action. The effect of this 

increase in force is quite noticeable in the stick figures 

for all subjects. 

Since the translatory motion is now more vertical, 

the shoulder force F and the torque Tp are larger and, 

because the upper body angle remains at about the same 

inclination, the force (-P) must act toward the back and 

more vertically. The couple (-T) must increase to main

tain the balance of equations 41 and 42. 

The increasing differences in the distances between 

successive positions of the upper body in the stick figures 
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(appendix E, figures 18 to 21) in the vertical direction 

indicate an increase in vertical acceleration. 

therefore, an increase in the shoulder force F' 

associated torque Tp. 

There is, 

and the 

As noted above, slowing of the horizontal velocity 

reverses the horizontal acceleration component of the upper 

body. This, together with the increasing vertical accelera

tion, causes the new M1~1 vector to be directed forward and 

upward (figure llb). 

It should be noted that the kipping action itself 

does not raise the total center of gravity during kipping. 

Throughout kipping the hips move upward more rapidly than 

the total center of gravity, which even shows a slight 

initial drop due to the pendulum motion of the body explained 

previously. The hips by flexing simply rise toward the total 

body center of gravity, while the center of gravity of the 

lower body drops relative to the upper body. The force 

applied by the arms provides the translational energy neces

sary to increase the total center of gravity level above 

the starting value at the top of the "bulb" on the total 

center of gravity plots (appendix H, figures 65 to 68 and 

70) and compensates for energy losses during the stunt. 

The final force conditions of the body in th0 kipping 

act ion wi 11 be Jescri bed in the rotational phase. 
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Phase V: The BODY ROTATION is defined here as 

terminating in the straight arm support with the body in 

the vertical position. Figure 12a is a stick figure in the 

initial position of this sector at the start of rotational 

momentum transfer. At this stage the following conditions 

were noted from subject test data (rotational plots, stick 

figures, and total body center of gravity graphs): 

1. The translational motion of the I)Qdy is 

strictly vertical, as shown in appendix H, figures 65 to 68. 

2. The trunk angular velocity w1 crossed the 

zero axis and began its clockwise (negative) rotation 

(appendix F, figures 38 to 41). 

3. The lower body angular velocity wz was near 

its negative maximum. Subject two showed an anomaly 

(figure 39) which may have resulted from recovery attempts 

by premature locking of the hips to rectify her excessive 

center of gravity and hip drop during kipping (appendix E, 

figure 19c and appendix H, figures 66 and 70). 

4. Total body center of gravity movement was 

vertically upward (appendix H, figures 65 and 68). 

The following additional factors in connection with 

figure 12 arc noteworthy for the instant of time indicated: 



a Total body 
diagram 

c 

d 

b 

Lower body 
"free body" 
diagram 

1\rm "free 
body" 
diagram 

Upper body 
"free body" 
diagram 

(point of rotation) 

fig. 12. Simplified force diagram at the instant 
of ""·cightlessncss" (wrist rotation) at the ~.tart of the 

rotation sector. 

:\ote: The trar:slational momentum. (MTvy) tends to 
hold the body momentarily "suspended" against the force of 
gravity. Initial rotational effects due to this momentum 
if the thjghs should strike the har have bee11 omitted. 
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1. The bar reaction force F' is essentially zero 

as 1s evidenced by the successful wrist rotation of the 

performers at this stage. 

2. Negligible shoulder force and torque exist and 

vertical translatory acceleration becomes negative although 

the vertical momentum of the total center of gravity MTvy 

momentarily continues. This momentum tends to resist the 

gravitational force WT and also produces same initial 

rotation about the bar if the thighs strike the bar. 

3. In order not to have any large net horizontal 

forces, all force vectors in figure 12b must be reasonably 

vertical. The only large translational force aside from 

(-P) is w1 which must be vertical, thus, (-Pl and, as a 

result, P must also be close to vertical. since wl as 

noted above is essentially zero, no signific~nt centrifugal 

force is present in the free body segment shown in figure 

12b. 

"l. Similarly, in order not to produce any sizable 

horizontal forces in the lower body, the poi•1t of leg rota

tion 0 must be nearly coincident with the lower body mass 

center ((;--,. If rotation occurs at any other point a net 

centrifugal force colinear h•ith the lower bo(ly will exist. 

The above logic can he further reinforced hy noting that 

the arms in the position shown (figure 12a) are just about 
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at the center of gravity of the lower body CGz; and since 

the thighs should be against the bar at that time, rotation 

will have to occur at that point. 

5. The initial locking of the joints of the lower 

extremities reverses the direction of the vertical campo-

nents of vectors P and (-P) (compare figure 12b and c with 

figure llb and c) and gives rise to the reversal of the 

couple pair, T and (-T); the negative angular acceleration, 

a 1 ; and the resultant tangential force Io1a1 (figure 12b). 

The force and torque summations for the "free body" 

diagrams of figure 12 at the instant of weightlessness may 

be written as follows: 

1. Figure 12b: 

(- P) < 43 

<I 44 

2. Figure 12c: 

P - Wz <l 4 5 

<I 4 6 

The methods for establishing the formulas follow the same 

basic procedure previously explained. 



If the lower and upper body rotation became fully 

locked in, then w1 , and w2 , and a 1 , and a 2 would be identi-

cal. This is actually never fully achievable. According 

to the data of appendix F, figures 38 to 41, the conditions 

within the rotational sector which lead to the quality of 

w1 and w2 either occurred twice (subjects one, two, and 

four) or was only approached (subject three). Equality of 

acceleration (figures 42 to 45) was equally irregular for 

the subjects examined. Because precise conditions and 

timing of momentum transfer are not too important in com-

pleting the stunt, more "degrees of freedom" are available 

to the performer. 

For the sake of simplifying the theoretical discus-

s1on, it was assumed that ideal conditions of equal angular 

velocity and acceleration applied and that the upper and 

lower body sectors were in line. The force diagram for the 

action is shown in figure 13. The conditions during the 

half rotation point are depicted. For this purpose the 

entire body l>as assumed to be a "rigid body" rotating about 

the bar. The general force equations 9, 10, and 11 apply. 

Specifically: 
') 

MTi-Tul,Y. < 47 

rt = \'' + F' = ~!Ti'To:T - 'Tt t 
<J 4 8 

To == dlii'T = r o·rrlr <i 4 9 
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Fig. 13. Simplified force diagram near the halfway 
point of the rotation sector of the glide kip. 

The increase in potentia] energy level during this phase is 

supplied by the loss in kinetic energy from the rotation of 

the lower body. The energy is first transferred from the 

loHer hody to the entire body, which then provides the 

necessary .. ,,·ork" to raise the center of gravity. Any 

residual energy at the end of the stunt has to be dissipated 

either by :l1lowing the whole body or legs to swing back away 

from the bar, or hy applying a resisting torque to the bar 

with the hands, or both. 
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The momentum transl.cr, i [ it is assumed to be total 

and to have occurred at the initial point of totation 

(figure 12), would satisfy the following equation: 

<1 so 

Since loT is greater than r 2 , wT will be less than w
2

. 

This is evident by an examination of the stick figures in 

appendix E, figures 18 to 21, and the velocity reduction of 

the thighs (lower body) at the point where the upper body 

begins to lock-in (w 1 becomes negative) (see appendix F, 

figures 38 to 41). 

Equation SO is again somewhat oversimplified since 

momentum transfer in the practical case was not instan-

taneous and the transfer of kinetic to potential energy 

affects wT and w2 . In onler to obtain more precise results, 

equation 31 can also be applied here. 

In summary, the mechanical analysis of the glide 

kip indicates that: 

1. The glide kip requires precise timing in both 

the kipping sector in the preparatory phases (the initiation 

of the pike to the bar and the start of the kipping action). 

2. Preparatory phases must be executed precisely 

rn terms of certain critical positions and timing. The 

angular Jj splaccrncnt of the trunk and thigh angles at the 
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end of the pike to the bar, the thigh angle at maximum 

thigh velocity and the lack of trunk velocity during piking 

are but a few examples. 

3. The exchanges of kinetic and potential energy 

levels require precise budgeting. 

4. The number of "degrees of freedom" in the per

formance of the stunt are quite limited as evidenced by the 

close conformance of the rotational data and the total body 

center of gravity curves as well as the mechanical require

ments based on theoretical considerations of the mechanical 

analysis. The main exception to this appears to be the 

final rotation where any residual energy, if present, must 

he dissipated. 

5. The actual kipping action is mainly responsible 

for supplying rotational energy and the translational energy 

to 1 i ft the center of gravity from below the bar at the 

start of the rotation sector to the straight arm support. 

The remaining energy necessary to perform the stunt is 

primarily due to the potential energy level attained at the 

initial pike and the arm torque applied during kipping. 



CHAPTER V 

SUM~IARY, CONCLUSIONS, AND RECOMMENDATIONS 

FOR FURTHER STUDIES 

The purpose of this study was to determine whether 

the mat kip represents a valid step in the progression for 

learning the glide kip on the uneven parallel bars. Pa

rameters examined in detail were angular displacement, 

angular velocity, angular acceleration, and total body cen

ter of gravity. Through analysis the controversy among 

specialists in this subject was investigated. The study 

was delimited to four woman volunteers eighteen and nineteen 

years of age from the University of Wisconsin Gymnastic Team 

at Madison, Wisconsin. 

A review of literature indicated that the present 

study did not duplicate any previous investigations. 

Bovinet, Frederick, Hughes, and Spencer all stated that the 

mat kip and any swinging kip were mechanically similar and, 

therefore, the mat kip could be considered a lead-up skill 

to the learning of the glide kip on the unev<m parallel bars. 

Spencer's study of the mat kip and Bovinet 's study 

of the glide kip on the uneven parallel bars both determined 

that approximately a fifty-one degree angle of projection of 

102 
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the thighs during the kipping action was considered to be 

the most efficient for a successful performance in their 

respective studies. Spencer's male subjects indicated the 

angle of leg thrust for a successful mat kip ranged from 

forty-five to seventy degrees with a mean of fifty-one 

degrees. On the other hand, Bovinet's female performers 

revealed that an approximate fifty-one degree angle of 

projection produced a smooth acceleration of the hips to the 

bar with sufficient momentum to complete the glide kip to a 

high straight arm support position. 

Hough, in her study, found that the most common 

causes for unsuccessful performance of the glide kip were 

failure to keep the chin tucked in to the chest through the 

complete skill, insufficient leg thrust, and failure to keep 

the elbows straight. 

The Garavaglia study of the glide kip concluded that 

an excellent glide kip should include the following char

acteristics: (1) coming to a full extension at the end of 

the glide, (2) pausing at the end of the glide, (3) bringing 

the ankles all the way to the bar during the following pike, 

(4) extending the leg action upward and outward during the 

kip, and (5) keeping the knees straight throughout the stunt. 

Frederick's article, "Gymnastics' Basic Seven for 

Girls and Women," claimed there are two generalclassifications 
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of the kip: a back lying position kip with hips flexed and 

a swinging kip. Hughes, Spencer, and Frederick indicated in 

their writings that a gymnast who can perform a mat kip will 

learn the kip on the uneven parallel bars faster than a 

gymnast who cannot perform this skill. While Cochranie 

agrees that the kip movement is an essential part of work 

on the uneven parallel bars, he states that the kip should 

be initiated with the single leg stem rise on the uneven 

parallel bars. 

Through the use of cinematography a mechanical 

analysis of the mat kip and the glide kip which focused 

mainly upon rotational parameters was pursued. The parame

ters examined in detail were angular displacement, angular 

velocity, angular acceleration, and total body center of 

gravity. Four woman gymnasts volunteered to participate in 

the study. The subjects were nhotographed performing the 

mat kip and the glide kip on the uneven parallel bars. The 

best of the three trials of each subject was analyzed. 

The methods of analysis used were: 

1. The collection of data on trunk and thigh 

angles and center of gravity of the total bo•ly. 

2. Illustration of outline drawings and composite 

stick figures. 
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3. The computation of absolute and relative angular 

displacements, velocities, and acceleration of the trunk and 

thighs and their graphical and tabular presentation. 

4. Mechanical analysis of the mat kip and the 

glide kip. 

From the analysis the similarities and dissimilar

ities of the mat kip and the glide kip were determined. 

Results of the Study 

The results of this study can be summarized as 

follows: 

Similarities 

1. Both stunts involve a basic kipping action 

which is defined as a momentum transfer from the lower body 

(thighs, legs, and feet in an extended state) to the total 

body. 

Dissimilarities 

1. A thrust action appears in the mat kip. No 

similar phenomenon occurs in the glide kip. 

2. Preparatory sectors for the kipping action are 

of little consequence in the mat kip but are of extreme 

importance in the glide kip. 

3. In the mat ki[1 the translational forces caused 

by the kipping action of the legs prior to lift off arc 
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absorbed by the shoulder~ and arms. In the glide kip the 

translational forces are utilized to translate the body 

backward and upward against the underside of the bar. 

4. In the mat kip a variety of factors individually 

under the control of the performer determine the rotational 

and translational components of flight. On the other hand, 

the glide kip requires precise timing in both the kipping 

sector and the preparatory phases such as the initiation of 

the pike to the bar and the start of the kipping action. 

5. The ability of the performer to interchange 

rotational with translational factors to obtain a success-

ful mat kip allows the gymnast a larger number of "degrees 

of freedom" than in the glide kip. In the latter the 

exchanges of kinetic and potential energy levels and timing 

require precise budgeting. 

6. In addition to the above-stated Jifferences, 

the mechanical analysis and the resultant mathematical 

models show absolutely no similarities except for the fact 

that momentum transfer docs occur in both kips. 

Conclusion of the Study -----------------------

The similarities and dissimilarities of the mat kip 

and the glide kip led to the conclusion that, except for a 

basic momentum transfer mechanism, the two stunts are not 

comparable. 
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Spencer and Bovinet stRteJ in their respective 

studies that a fifty-one degree angle of projection of the 

thighs during the kipping action was considered most effi

cient for a successful kip. This study reveals no projection 

to exist in the glide kip. The initial translatory trajec

tory angle of the mat kip after lift off (thrust) was noted to 

be twenty to thirty degrees on the subjects studied. 

Spencer's observations on the mat kip did not differentiate 

between rotation and translation. Bovinet only noted a 

projection angle of fifty-one degrees in the conclusion of 

her study on the glide kip, but no support or definition 

was provided in the text. 

The results of this study agree with those of 

Frederick that two general classifications of the kip exist: 

(1) a kip from a fixed reference surface which restricts 

hip motion and (2) a swinging or dynamic kip. 

Discussion 

This study provided an adequate data base to justify 

the conclusions obtained. However, additional data would 

have been useful in simplifying the task of analysis, for 

providing background material for a more exhaustive study 

of both stunts, and to establish a broader base for future 

theses. Such modifications would include: 
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1. The processing of every second frame for rota

tional data to eliminate the rather laborious manual methods 

of evaluation and plotting. 

2. Rotational data acquisition over the entire mat 

kip rather than terminating prematurely as was done in this 

study. 

3. The addition of all translational parameters 

for the upper, lower, anJ total body centers of gravity. 

4. The measurement of moments of inertia of the 

total body and certain body sectors relative to selected 

axes of rotation. 

The rather extensive mechanical analysis was found 

necessary to ascertain the scientific basis of the study. 

The methods applied and the manner of establishing simpli

fied mathematical models should be useful in other bio-

mechanical studies. The few sample benchmark solutions of 

force equations only provide examples of what is possible. 

The first step in any exhaustive study of body motion should 

be a thorough mechanical analysis of the type noted here 

so that internal and external forces not directly measurable 

can be realistically estimated. Other evaluations of these 

stunts such as the electromyographic and electrogoniometric 

studies by Garavaglia on the glide kip could then be more 

securely based. 
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The concept of dl·fin:ing the stunts into action 

sectors to assist analysis and simplify the set-up of 

mathematical models proved to be very useful and can be 

applied to most physical activities. It is, however, neces-

sary to separate the important factors and eliminate minor 

actions and perturbations. 

Through this study, it was established that any kip 

will provide the performer the basic skill of momentum 

transfer from the lower body to the entire body. A basic 

rollback from a seated position followed by a leg kip back 

to the seated position should be as good an introductory 

exercise as the mat kip. 

In order to acquire the more complex skills of 

timing anJ coordination of the glide kip, a dynamic or 

swinging kip must be used, as Cochranie has pointed out. 

A good beginning swing kip would be the uprise or bar kip 

done on the men's horizontal bar. This would provide the 

following advantages: 

1. Less skill Hould be required by eliminating 

the necessity of piking to clear the floor. 

2. The performer would be able to use multiple 

swings and build up momentum in order to reach the proper 

position for extension and piking to the bar. 
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3. The gymnast would cxpcTience som<] feeling 

regarding the amount of potential energy required to reach 

proper extension, that is, to obtain adequate height of the 

body center of gravity on the backswing. This is similar 

to the proper initial pike height in the glide kip. 

Recommendations for Further Studies 

Since this study conclusively showed that the mat 

kip is not a lead up skill to the glide kip, further studies 

on this subject are not recommended. Extension of the 

analysis of both stunts could establish more insight into 

improved methods of performing the mat kip and the glide 

kip. The following areas give some examples of what could 

be explored thoroughly: 

1. The extension of the numerical analysis of the 

forces at various sectors of the stunts. 

2. ~leasurement of moments of inertia and addi

tional translational parameters to permit the total solution 

of the equations of force. 



APPENDIX A 

1. Investigation Form 

2. Personal Data Sheet 

3. Thigh and Trunk Data 

4. Summary of Subject Personal Data 
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INVESTIGATION FORM 

As a ~ubject in this investigation you will be filmed 
doing a m~t k1p and a glide kip on the uneven parallel bars. 
Y?u may w1th~raw from the above investigation any time you 
w~s~. You Wlll be asked to progress only within your own 
llm1 ts. 

Name: Age: -----

Address: 

Telephone Number: 

I have read the above regarding the investigation. 
I willingly agree to volunteer for the investigation titled: 
"The ~!at Kip as a Progressive Step Toward the Performance of 
the Glide Kip on the Uneven Parallel Bars," conducted by 
~Irs. Darlene J. Oess. I do not consider that my rights as 
a human being are infringed upon in any way. 

Date: --------
Signature otvOl.untecr 



Name 
(First) 

Birthdate 

lU 

PERSONAL DATA SHEET 

(Middle) 

(Month) (Day) 

Subject Filming Number 

Subject Height Weight 

(Last) 

(Year) 

Are you a student at the University of Wisconsin? 

If not, where? ------------------------

1!0\\' long have you participated in gymnastics of any type? 

!low long have you been a member of the University of 

Wisconsin Gymnastic Team? 

Did you qualify for the National Gymnastics Championships 

in 1976? Yes No 
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THIGH hND TRUNK DATA 

Subject Number Stunt 

FRAME THIGH TRUNK FRAME 

0 0 

10 10 

20 20 

30 30 

40 
----'--'------------------------------ 40 

50 50 

60 60 

70 70 

80 80 

90 90 

100 100 

110 110 

120 120 

130 130 

140 140 

150 150 -------·-----------==-=-=-
160 160 

170 170 

180 180 

100 190 

200 200 

210 210 

220 220 
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SUMMARY OF SUBJECT PERSONAL DATA 

The gymnasts had been active in gymnastics from five 

to eight years. Most of the performers had been on the 

University of Wisconsin Gymnastic Team for one year. Sub

ject two was on the team for two years prior to the study. 

The following were the weight and height of each 

subject: 

Subject One 

Weight: 95 pounds 

Height: 4 feet 11 inches 

Subject Two 

Weight: 136 pounds 

Height: 5 feet 3 3/4 inches 

Subject Three 

Weight: 121 pounds 

Height: 5 feet 4 inches 

Subject Four 

Weight: 129 pounds 

Height: 5 feet 7 1/2 inches 



APPENDIX B 

1. Camera View of Equipment and Subject 

2. Equipment in Camera Field of View 

3. Data Analyzing Equipment 
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CAMERA VIEW OF 1\QUI PMENT AND SUBJECT 



EQU I 1'01U~T IN CN·IFR:\ FI El.D 
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1. Conical Clock 
2. Parallel Bars 
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5. Gymnastic Mats 
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11.\T.\ :\,\':\l.l'Zf.\'G I:QUIPi.fU\T 

~ 

1. Hewlett-Packard 9862A 
Calculator Plotter 

2. Hewlett-Packard 9810A Calculator 
3. Hewkett-Packard 9864A Digitizer 
4. Recordak P-40 Microfilm Reader 
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cp 

\ 
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APPENDIX C 

1. Subject Body Marking 

2. Pilot Study 

3. Check List 
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SUBJECT BODY MARKINGS 

The subjects' body parts were marked with an X on 

a piece of one and one-half inch square adhesive tape. The 

tape was placed on each subject on the top of the head, the 

knuckles, the toe, and the axis of shoulder, elbow, wrist, 

hip, knee, and ankle. 
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PILOT STUDY 

On February 18, 1976, at the University of Wisconsin 
~I ' G . 1 ~n s ymnas1um, Mr. Thomas W. Roberts and the investigator 
f1lm~d an_eleven-year-old female gymnast volunteer performing 
a gl~de k1p on the uneven parallel bars and a mat kip. The 
sett1ng up and filming was done from 6:00 p.m. to 8:30 p.m. 

Equipment Used: 

1. Milliken pin register movie camera with a twenty
five millimeter lens, shutter speed 72 degrees, 
frame rate 100, f stop 2.0. The camera was placed 
on a tripod 36 feet from the subject. 

2. The film used was black and white 4-X reversal Kodak 
sixteen millimeter movie film. 

3. The lighting was two quartz lights, set up seven 
feet in front of the camera, ten feet to the side 
of the camera, at an angle of 40 degrees from the 
subject. Light height was five feet. 

4. The other equipment used included: a conical clock, 
measuring stick (one meter), tape measure, adhesive 
tape for body markings, bathing cap, light meter, 
gray card, and four extension cords. 

Filming of the Glide Kip: Camera lens height 42 inches. 
Three glide kips were filmed. 

Filming of the i'lat Kip: Camera lens height 33 1/2 in~hes. 
The tape body markings were placed on the subJect. 
A three inch long tape was placed on the mat for 
the subject to line up her ~boulders ~or each mat 
kip performed. Three mat k1ps were f1lmed. 

Amount 0 f film footage used was 86 feet. 

F i l r.1 i r1_g S c h~ll_t_Il:.£. : 

1. Transport: 30 minutes 

2. Set up equipment: 60 minutes 
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3. Filming: 20 minutes 

4. Pack equipment and transport: 40 minutes 

Comments: The tape body markings were not placed on the 
subject for the filming of the glide kip, so a check 
list was made and used during filming procedures 
for the study. 
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CHECK LIST 

I. Forms Filled Out 
A. Investigation Form 
B. Personal Data Sheet 

II. Equipment Used 
A. Camera, Milliken pin register unit 

1. Shutter opening 72 degrees 
2. Frame rate 100 
3. f stop 2.0 
4. Lens 25 mm. 
5. Camera distance from subject 36 feet for the 

glide kip, 32 feet for the mat kip 
6. Camera height was five feet 

B. Film 
1. Black and white 4-X reversal Kodak type 16 mm. 

c. 

movie film 
2. ASA 320 

Two 
1. 
2. 
3. 

quartz lights 
Height five feet 
Angle 40 degrees 
Distance from the 

D. Conical Clock 

subject was 29 feet 

E. Vertical and horizontal references, a plumb line, 
wall paneling, and the 6 x 6 inch plus sign cards 
were placed on the wall and floor. 

F. Notice board displayed: date, number of subject, 
stunt, and trial. 

G. Body marking tape placed on subject's toe, top of 
the head, the knuckles, and the axis of shoulder, 
elhoK, wrist, hip, knee, and ankle (nine markings). 

ll. Other equipment incluJeJ: measuring stick, tape 
measure, level, masking tape, marking pencil, 
bathing cap, light meter, gray card, and four 
extension cords. 
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I I I. Checks made before camera rolled 

A. Subjects' markers are in place 

B. Notice board is correct 

C. Camera ready 

D. Subject ready 

IV. Filming Order 

A. Stick 

B. Glide kip 

C. ~!at kip 

V. Suhj cct Information 

:\. Name 

B. Number for the study 



APPENDIX D 

TABLES 
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TABLE l 

ANGULAR DISPLACEMENT DATA FOR THE THIGH IN THE MAT KIP 

Time Displacement in Degrees 
in 

Frame No. Subject l Subject 2 Subject 3 Subject 4 

0 357 356 357 354 
10 355 356 353 354 

20 356 356 355 359 

30 360 360 360 373 

40 371 377 374 397 

so 392 392 398 428 

60 428 414 426 460 

70 467 439 455 485 

80 500 465 485 503 

90 525 486 508 514 

100 540 500 528 521 

llO 543 504 546 52 3 

120 538 493 558 527 

130 504 460 562 534 

140 473 404 557 541 

150 422 542 533 
522 504 

160 486 458 
170 439 400 
180 391 
190 

-------
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TABLE 2 

ANGULAR DI SPLACHIENT DATA FOR THE TRUNK IN THE MAT KIP 

Time Displacement in Degrees 
in ··------· 

Frame :--lo. Subject 1 Subject 2 Subject 3 Subject 4 

0 450 475 448 488 
10 465 493 464 504 
20 489 509 487 516 
30 509 521 502 525 
40 520 527 513 532 
50 530 532 519 537 
60 5 38 538 529 542 
70 546 541 536 548 

80 ~;54 545 548 558 

90 567 550 558 575 

100 579 557 572 591 

110 586 567 585 603 

120 590 575 595 605 

130 598 584 597 603 

1..\0 607 595 596 595 

150 610 588 584 
590 581 

160 595 584 
170 605 592 
180 594 
190 
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TABLE 3 

:\~GULAR \'ELOCITY DATA FOR THE THIGH IN THE MAT KIP 

Velocity in Degrees Per Second 

Frane ~o. Subject 1 Subject 2 Subject 3 Subject 4 

0 - J:) 

10 s 
13,15,13 () 

20 z (J 
30 83 
40 l (J 1 
50 2 (J 0 
60 353 
70 391 
so 2 ~l·1 
90 2 1 ·1 

100 l l 7 
107 () 

110 () 

120 -20(1 

130 - :; 7 1 
140 - ,) 1 z 

1 .) 1 
150 - ,) 6 z 
160 
170 
180 
1£10 

----~-- --------- ----------

8 - 58 
5 - 16 

10 
87 

150 
206 
250 
260 
250 
192 

80 

0 

0 

40 
94 

155 
270 
322 
322 
260 
222 
199 

- 52 150 
-185 97 
- 391 0 
-601 - 94 

-192 
-282 
-412 
-462 
-462 

0 
18 

0 
67 

155 
322 
371 
308 
206 
145 

94 
32 

0 
24 
67 
90 
24 

0 
-222 
-391 
-523 
-602 
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TABLE 4 

A:\GUL\R \TLOC I TY DATA FOR THE TRUNK IN THE MAT KIP 

,. 
Jlr::C Velocity "Ln Degrees Per Second 
in -----~-~- -- ---------

Franc '' .·,a. Subject 1 Subject 2 Subject 3 Subject 4 
---- -·--- -- -----~ -- --- -- ·-----------

0 l(d 17~ 206 150 
10 :: () (J 173 206 130 

~Ll -206 150 192 101 

30 I 6 1 87 135 80 

40 ~)7 40 90 58 

30 7 (i 52 67 55 

60 R7 58 80 64 

70 R7 37 83 73 

so 105 35 97 105 

~0 I 2 1 58 121 167 

100 ~) 7 73 126 167 

110 ·l ~) 90 126 73 

1~0 70 94 64 0 

so 101 () - 61 
130 52 -101 
I .1 n (Jl 109 -

32 - 58 
ISO .1:) 0 

1 5 -l 46 0 
l6fl 80 55 
170 40 80 
181) 0 

H2 -214 
190 
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TABLE 5 

A\GUL:\R ,\CCELEIL\T I ON DXL\ fOR TilE THIGH IN THE MAT KIP 
-------------

-

Ti:::c Acceleration 1n Degrees Per Second Squared 
in -------------

Franc ,. .. o. Suh_icct Subject 2 Subject 3 Subject 4 

0 159 46 463 122 
10 208 144 498 304 
20 ·I (J 3 556 536 600 
30 736 705 624 1504 
~0 ~} 2 8 624 928 1154 
50 ns 536 883 0 
60 8 <i 2 304 234 - 883 

67,65 () 0 
70 {i 7 7 0 253 - 804 

80 76~ 338 624 - 600 

928 928 326 - 536 90 
~)/ 8 -1227 304 - 350 100 - 0 

107 
-1504 431 191 110 - 1 ·I 0 0 -

-2368 -1764 - 600 49 8 
120 705 0 

736 -2127 -130 - 842 -2368 -2127 -
1~0 - ·I 0 2 -1929 - 928 
150 - 388 -1089 -1504 
160 -1089 -1089 r-n - 304 - 677 
!SO 0 

JR.) 
1£10 

175 
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TABLE 6 

:\:\GULAR :\CCELERAT I ON DATA FOR TilE TRUNK IN THE MAT KIP 

Ti:::c Acceleration Jn Degrees Per Second Squared 
in 

Franc :\o. Subject 1 Subject 2 Subject 3 Subject 4 
-~--~---- ---------~----

0 <i 8 0 80 26 - 217 
10 2 (J () 136 0 - 244 

j.) 0 

20 283 375 - 338 - 263 
30 705 577 - 536 - 253 

~0 4 ii 7 577 - 388 - 144 

n 0 
50 0 480 0 0 

55 0 

60 108 - 263 73 87 

-:o 108 - 253 159 209 

75 0 
253 159 402 so I 0 8 159 600 

90 53 159 
0 

11' q• () 
159 498 . - ' . :, 

108 -
I no - 8 ·i 2 0 

1(17 
108 - 447 -1089 

110 0 624 -1089 108 -
120 3(J2 

I 2 ~l (] 
624 - 577 108 

1:~0 33 
108 388 0 

1~0 87 0 
1 .: 3 926 557 

15() - IS9 600 577 
1h0 0 402 
l-n -1400 263 
lSfJ -3054 
1~1) 

------- ---- --
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TABLE 7 

A:\ GULAR DISPLACH!Ei':T DATA FOR THE THIGH IN THE GLIDE KIP 

Tine Displacement in Degrees 
in 

Fraoe ~o. Subject 1 Subject 2 Subject 3 Subject 4 

0 259 271 260 265 
10 246 267 261 26 7 
20 255 268 260 269 

30 275 269 262 272 

-lO 309 291 277 280 

50 317 308 302 298 

60 311 328 331 323 

70 310 328 352 344 

80 339 322 350 349 

90 383 315 346 338 

100 ;1 2 11 321 340 327 

11 0 ·1 58 338 336 325 

120 ·1 7 0 363 351 335 

130 ·15 7 408 382 364 

1-l(l ·1 2 3 440 419 406 

383 467 457 446 
150 477 471 

3 ·1 7 462 160 466 472 
317 423 r-o 433 444 

ISO 292 381 404 351 396 
]~(1 278 

327 360 366 
20 0 267 

298 328 331 
210 257 

268 298 304 
220 2 ·18 

224 270 279 
2.in 238 

193 248 256 
2.! () 231 

1 7 1 227 235 
251 227 

1 58 211 219 
2fln 222 

155 202 209 
:- n 216 

-------------
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TABLE 9 

A~GUL:\R \'ELOCITY DATA FOR THE THIGH IN THE GLIDE KIP 

Tine Velocity 1n Degrees Per Second 
---------

1n 

Fra:::c ~o. Subject l Subject 2 Subject 3 Subject 4 
---------- ---· ------------ -~ ---------

0 - l 4 5 - 37 0 8 

10 - ~) 0 - 2 1 0 10 

1 ~ ' I 5 () 0 
20 ::: 1 ·l 13 8 24 

30 308 140 49 58 

40 214 214 126 150 

'- () ., ' 

50 - - ') 199 271 214 
.) -

60 - 70 76 271 260 

6--: , (>5 () 0 

70 87 - 49 87 161 
0 0 

' ~) ' ' ' 64 37 - 58 
sn -l I 2 -

'l ~) l 21 - 64 -150 
SlO 

~1 2 0 
121 67 - 80 

100 -l I 2 0 0 
1()7,]()5 206 55 37 

11 0 250 
1 1 ~l () 

222 173 
120 - 1 8 322 353 

412 337 
13[1 - 2 71 

391 412 462 
un - 3 7 l 

117 337 353 
150 - 3 ~] 1 0 

1 5 2 -240 21 83 
1 (1 r, - 3 53 0 0 

lh2,]fJ) -412 -222 -150 

17fl - 2 R 2 - 3 71 -337 -308 
]5fl - 1 ~] 2 

-294 -337 -371 

1 ~(I - 1 2 (J 
-282 -322 -371 

2 r~ fl - ~) () 
-308 -308 -308 

21 r, - ~l n 
-337 -294 -260 

2: (j - so -353 -260 -240 

2VJ - so -337 -231 -206 

2.: (, - 70 -192 -192 

: ) IJ :;5 -117 -135 
- 1 - 35 - 64 : {' [) 

- :") .... 
- 1 

':'- '· ~l .... 



136 

TABLE 10 

:\\GUL\R \'HOC I TY ll:\TA FOR TilE TRUNK IN THE GLIDE KIP 

Tine Velocity in Degrees Per Second 
in 

FrJnc 
,. 
,,Q. Subject 1 Subject 2 Subject 3 Subject 4 

------~--~------ ---------

(1 - 1 2 6 -135 -140 -161 
10 -109 -135 -130 -130 
2(1 () 87 - 83 - 67 

,- 0 -. 
3(1 2 I ·l 4() - 10 8 

-- -. 0 0 
~) .) ' .) .. 

61 29 HI 2 ~) 4 150 
so -.., ') 199 126 109 

.) --
l' 0 2 ~) ·l 222 173 155 

70 2 1 .) 214 199 185 

so 97 206 214 199 

~(l (l 199 206 199 

1~n .) ~} 192 214 185 
-

In-:- (l 
173 155 

11 0 1 3 150 
109 

1~0 7:> 49 105 

1 ~ ;; 0 
40 46 49 

13P -.., - 0 .) - 0 
l3S,l3S,133 () 

16 - 37 
1 ~ n :;s 35 

0 
l -! :; 2 ~) 26 - 32 

1 ; :, -ISO 0 () 

1)3,1S.~ 
(J 7 52 70 

1'~ n - 2 1 .) 
] () 24 76 

1- c -231 0 ,. 
0 

J:-1,1-.~ - 10 5 - 87 10 
1 s: - 1 ~ l ~} 0 

1 s: -173 - 58 
-412 1 ~ ·, - 1 (J 7 
-308 -282 -179 

~ r: :~l - 1 01 -260 -337 
21 ,~l 26 -240 

-179 -222 -
-180 

1 ') .' (l -109 -121 
..... ·1 - 16 7 
~~'") () 70 - 87 
"'),,.. () -155 64 - 70 
... , j 

52 :.) '; (l 49 -

~' (l 40 - 46 
J- r (] 

- -
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TABLE 11 

ANGULAR ACCELERATION DATA POR Tim THIGH IN THE GLIDE KIP 

Time Acceleration in Degrees Per Second Squared 
in 

Frame No. Subject 1 Subject 2 Subject 3 Subject 4 

0 402 122 0 59 
10 977 208 59 80 
20 2668 624 100 175 
30 0 1227 536 556 
40 - 199 600 1308 1086 

45 0 
50 - 199 -1030 1030 650 

55,53 0 0 
60 0 -1504 -1227 -1764 
70 3054 -1227 -2127 -2668 
80 2127 0 -1227 -1764 
90 0 842 - 402 0 

94 0 
100 -1154 977 431 1154 
110 -2127 977 1504 1764 
120 -2668 977 2127 1624 

130 -2127 5 77 1624 1929 

133,138 0 0 

140 - 480 -1400 0 - 363 

148 0 
150 53 -3568 -1929 -2127 

160 498 -2668 -3054 -2668 

170 928 - 362 -1764 -1929 

17 2 0 

180 977 736 - 536 -1030 
~·. 0 185 

190 650 804 263 272 

195,195 0 0 

zoo 39 - 167 87 108 

210 33 3lS 144 624 

220 33 - 217 175 304 

230 73 () 338 263 
240 ,. 87 2 3 !I 416 244 

250 73 556 293 

260 i 26 883 677 

270 7 842 769 

'" 

.l ',':'' 
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TABLE 12 

ANGULAR ACCELERATION DATA FOR THE TRUNK IN THE GLIDE KIP 

Time Acceleration in Degrees Per Second Squared 
lll 

Frame No. Subject 1 Subject 2 Subject 3 Subject 4 

0 108 26 136 263 
5 0 

10 315 208 244 362 
20 2127 205 402 498 
30 1400 1340 804 577 
40 556 1030 705 650 
50 0 326 577 650 

58 0 
60 - 480 46 338 375 
70 - 977 so 183 175 
80 -1089 - 108 375 26 
90 - 769 - 122 0 0 

99 0 
100 159 108 - 183 - 159 
110 677 650 536 338 
120 I--

253 -1089 624 624 
122 0 

130 I 804 - 375 - 624 - 842 

134 0 

140 977 536 - 536 - 463 
.:"1 

148,145 0 0 

150 - 804 624 463 769 

160 (.f 326 0 463 804 

162,166 0 0 

170 0 978 -1030 - 416 

180' 375 -2368 -1089 - 769 

190; 498 -4286 -1030 -1227 

193 0 
200 i 769 1764 - 928 -1227 

.203 0 

210 447 677 705 0 

220 94 234 883 1624 

230 ' 0 129 624 600 

240 0 59 144 234 

250 0 122 159 

260 0 115 144 

270 0 100 87 
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APPENDIX E 

STICK FIGURES 

Key for Stick Figure Diagrams 

Head ------ 0 

Shoulder -- D 

Hip ------- O 

Ankle ----- 'iJ 
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SUBJECT GRAPHS 
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Fig. 22. Subject one angular displacement of the thigh and trunk for the mat kip. 
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,._.. 
<.:; 

"' 



~ 
•.) 

1-' 
>J 
rl-
>-'• 
' <, 

(1) 

;p 
:::1 

~ 
t-' 
Ill 
>-j 

< 
ro 
t-' 
0 
0 
f-'• 
rl-
'< 

\::1 
0 
J~ 
>1 
() 

Q 
r: 

f-cJ 
(1) 

'""! 

U1 
(') 

0 
0 
;:::$ 
p, 

1,00 

lOO 

200 

100 

0 
I 

/ 

-·1 0·2 

-20C 

-JOO 

-400 

-500 

0 

... ·· .... ·.;· 
.·· ;·. " .. <I • • 

. I 

I 

I 

I 

I 

I 

I 
I 

I 

20 

....... -, 
I \ 

\ 
\ 
\ 

\ 
\ 
\ 
\ 
\ 

/ 

... . " \ . . /"/ 
• • • • I • • ./" ...... ~-· ..,./ I 

\ I 

* 
\ I 

'- ./ 

.--~A'--......., 

/ :I· ! I ' : I I 

~ • l 
40 60 

I 
i 

I 
I 

I 

I 
I 

Subject 
Subject 
Snbject 
Subject 

One 
Two 
Three 
Four 

*The point of zero angular 
velocity of the thighs 
prior to kipping. 

100 120 

Frame Number (0 reference at extension before kipping action.) 

Fig. 62. Relative angular velocity in the glide kip for the kipping action. 

f
cc 
0: 



.,. 
•c 
.~ 

;J 

.::+ 
1-'· 

·~ 
,) 

::t--
::l 
1J ,_ 
~ 
p 
'i 

:x> 
0 
0 
,":> 
~ 
(]) 

>-j 
flJ 
c+ ...... 
0 
:::l 

t:J 
ro 
J"< 
>-j 
r:> 
() 

[,C 

J 

0 
-1 

v1 
ro 
0 
0 
::l 
p, 

Ul 
,D 
c 
flJ 
1-j 
(!) 
p, 

:,r; 50 

::oso 

31501 . . 

2250 I f·. 

1350 

. I ·. 450 

'--t 
0 

* 
J A.__ __ 

~·.I[ I \. 
: I I 
f ~ l ~ 

\\ \ : / \ .. 
\ ... / 

... . \ \ 
. . 

I :'I 
..... \\ \ ./ I 

I 
I 
I 
I 

: I 
t\ y -I I I 

20 40 60 

I 
I 

---- - -- - -- ---- ---- ----

I 
I 

I 
I 

I 

I 
I 

I 
I 

I 

Subject One 
Subject Two 

· Subject Three 
Subject Four 

*The point of zero angular velocity 
of the thighs prior to kipping. 

80 100 120 140 

Frame Number (0 reference at extension before kipping action.) 

Fig~ 63. Relative angular acceleration in the glide kip for the kipping attion. 

'--
\.C 
.~ 



APPENDIX H 

TOTAL BODY CENTER OF GRAVITY 
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Fig. 68. Subject four performance of the glide kip. 
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