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ABSTRACT

The purpose of this study was to conduct a temporal and kine-
matic analysis of the segmental movement patterns in elite cross country
skiers and thus identify variables which significantly contribute to the
production and haintehance.of horizontal velocity of the center of mass
during the uphill diagonal ski stride. Panped cine analysis was con-
ducted using 27 (15 male, 12 female) elite cross country ski racers at
the 1981 Cyprus-Anvil korld Cup im Whitehorse, Yukon, Canada. One 16 mm
pin registereq Photo Sonic 1 PL camera was used for the acquiijt1on of
cinematgnraphic data. A Lafayette pin registered film analyzer, Bendix
digitizing board, and a Hewlett Packard 9825 B micro computer were
utilized for analysis. The raw data were smoothed using a Butterworth
second-order low pass filter (Walton, 1981). The data were treated
statistically by the coefficient of determination (McNemar, 1962) to
analyze and compare mechanical parameters ;h;t affect performance. The
results of the study reflected a relationship between selected para-

[
meters (Trunk, Hip, Knee and Ankle angles) and the relative horiz?ntal

velocity of the center of mass. . g.
- " , Y
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CHAPTER |

”

INTROOUCT ION

Cross country skiing is a rapidly growing sport in Europe and
North America both as a form of recreation and as spirited competition.
With the increase in popularity in cross country skiing there has been a
parallel increase 1n the demand for a greater understanding of the
biomechanical and physiological components that are 1nhor'at to the
sport. In recent years biomechanists have been utilizing mechanical
principles in order to evaluate human movement, The purpose of bio-
mechanical research of movement is to describe, analyze and assess the
performance of a subject during the execution of a skill. As a result
of such research, scientists move toward an understanding enabling
optimization of the efficiency of human movement.

A common technique used for quantification of human movement has
beem cinematographical analysis. The film data collected is of two
dimemsional spatial coordinates to provide raw data in the analysis of
the bogy segment paramete;s. The kinematic data is then treated statis-
tically and conclusions are derived rel8tive to mechanical principles.

Cross country skiing incorporates a variety of techniques which
are relative to the terrain skied., The ski technique can be placed into
three categories 1) diagonal stride; most commonly used technique for
flat terrain as well as inclines, 2) double poling; the technique used
on level terrain or slight downgrades with the option of incorporating

the one step phase or skating step, and 3) downhill running,
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In a time interval study conducted by Rusko and Kantola (1970),
th‘ researchers concluded "that victory seemed to take place on uphill
terrain.® This hypothesis was researched by Martin et al. (1980). The
time interval analysis showed that the percent of total time spent on &
15 kilometer race course was 23,13 for varfable terrain and 45.8% foF'
uphtl] terrain, The correlation betweea the total race time and the
time intervals for uphtll and vartiable terrain was r=.98. The relation-
ships of Martin et al. (1980) indicated the uphill sections of a race
course discriminated the most in terms of total race performance.

The present study employed the coefficient of determination
statistic (McNemar, 1962) to determtne the relationship between the
mechanics of technique and performance criteria of the uphill dtagonal
cross country ski stride.

Marino (1975) discussed that the use of statistics !imits itself
to problblfties and therefore becomes less precise than establishing a
deterministic model for human movement. However, Marino (1975) states
the use 'statisucs requires no’'simplification of the body into a
linkage system, but rather allows direct analysis of mechanical
parameters as they actually occur in the planes of movement.

N The performance criterion of cross country skitng from a mechan-
ical perspectiQe is the achievement and maintenance of maximum
horizontal velocity of the center of mass. Therefore, questions arise
concerning the &xtent to which variables have a relationship with the
att‘inlnnt of the highest and/or aos; efficient horizontal velocity of
the center of mass. With temporal and kinematic a;alysis}.the data

collected will try to resolve the questions put forth,



Statement of the Problem

The purpose of this study was to conduct a kinematic and
temporal analysis of the segmental movement patterns in elite cross
3
country skiers and thus identify variables which significantly contri-

bute to the production and maintenance of horizontal velocity of the

center of mass during the uphill diagonal ski stride.

vLimitations

The}following are limitations of this study.
a) The mech*nica] variables selected that influence horizontal velocity
of the centér of mass may have been affecter 5y other parameters such as
anthropometrichl measures, waxes used by the subjects, friction of the
snow at the time of filming and slppe angle,
b) A major assumption of this stddy is that technique was the aspect
that affected performance and the physiological condition of the sub-
Jects was assumed to be equal for each performer at the film site and
therefore was disregarded.
c) Tne data‘collected were analyzed for one uphill section only. A
race course varies in length and gradients of slope.
d) Cinematographical analysis has inherent errors associated with data
collection. This primarily concerns itself with dimensional, perspec-
tive and human error associated with the analysis.
e) Experimental control of sport skills is difficult. Between subject
and within subject variations are often due to uncontrolled sources of
variance rather than to the variable being manipulated. Segmental

analysis has been used as a descriptive technique rather —than as a



method of experimentation.

g) The proximal and distal segmental endpoints are at times difficult
to locate. The ability for accurate approximation of the center of mass
was limited to the Humanscale Anatomical Data (Diffrient, 1979).

h) Data smoothing reduced random error introduced by the measurement

process during the collection of raw data.

Delimitations

1]

a) Evaluation of the system was restricted to one field study on the
single sport skill.

b) The investigation has been delimited to data collected through Cine-
matography, therefore, it is a kinematic analysis of the movement only,
¢) The sample size is small and a larger sample may be more indicative
of the relationship of selected variables to the criterion variable.

d) The measurement of parameters listed under “"Methodology" delimit the
study.

e) A sampling frequency of 20 Hz was chosen for the analysis of the
film depicting the diagonal ski stride on uphill terrain.

f) The data analyzed were derived from the sagittal plane of movement.

Definition of Terms

The major terms employed in ths study were defined as follows:

Legs Together is the body position when the thighs and legs of the skier

are parallel to one another.
Toe Off is the body position at the point of the last contact between

the ski at the toe and the ground (Martin, }979).



Pole In\is the body position at the point of the first contact between
the ski pole and the ground (Martiﬁ, 1979).

A Stride is defined as beginning at a position of legs together and con-
tinuing until the next position of legs together (Martin, 1979).
Kick Action is that portion of the stride which begins at a position of

legs(gogether and ends at the position of toe off. (Figure 1).

Stride Length is the displacement of the body center of mass parallel to
the skiing plane from 5 position of legs together to the next position
of legs together (Martin, 1979).

Foot Stop is the body position when the recovery leg ends its movement
and becomes stationary.

Stride Rate is the number of strides completed in one second and 1s
defined as }he inverse of the time for a single stride (Martin, 1979).

Stride Velocity is the average velocity of the body center of mass

parallel to the skiing plane for one stride.

Angular Velocity is the rate of relative angular displacements about the

hip, knee and ankle joints. ’
Noise is the term used to describe components of the final signal that
are not due to the process itself (Winter, 1979),

Force Production Phase is the duration of time where the subject moves

the body in the direction of the desired motion. Thus, the skier begins
to apply forces which propel the skier forward either by the use of k1ck
action or pole implantation. (Figure 1).

Glide Phase is the duration of time where the kicking leg and poles are

not in contact with the ground.



Recovery Phgse is the duration of time where the subject continue the

motion after force production (toe off) and the return of the limb to
legs together. (Figure 1).

Center of Mass is the equilibrium point of a supported body when all its

Jweight is concentrated.

Free Body Diagram is an isolated portion of a structure used during free

body analysis for the purpose of studying the effect of forces acting on
the free body. ‘
Kinematics {;—Ehe branch of mechanics that deals with motion of a body
without reference to force or mass.

Saggital Plane is the median plane of the body or any plane parallel

thereto.

Horizontal Velocity is the displacement of the center of mass divided Dy

time over which displacement occurs in the horizontal! direction.
/

Absolute Angles (a,B,Y and ¢) are the angles formed by two segments

about the trunk, hip, knee and ankle.

Trunk Angle (a ) is the angle formed by the trunk (acromian process of
the scapula and greater trochanter of the femur) and the right
horizontal. (Figure 2).

Hip Angle ( 8) is the angle formed by the thigh (the greater trochanter
of the femur and the femoral-tibial articulation of the knee) and the
right horizontal. (Figure 2).

Knee Angle ( v) is the angle formed by the thigh and leg (femoral-tibial
articqlation and lateral maleolus of the fibula). (Figure 2).

Ank 1 ple () is the angle formed by the femoral-tibial articulation

of the knee, the latera)l maleolus of the fibila, and the toe of the ski

shoe, (Figure 2).



LOWER LIMBS OF THE BODY
IN THE RECOVERY PHASE

KICK ACTION IN THE FORCE
PRODUCTION PHASE

w LEGS TOGETHER POSITION

Figure 1. Illustration of the phases in the mechanism of propul sion
in cross country skiing.



Figure 2. Free body diagram of the body segment angles.



CHAPTER 11

REVIEW OF LITERATURE

In the past few years there have been more bioméchanical inves-
tigations in cross country skiing than the total of all ski research
combined in the fifteen years preceeding this increased interest. Dur-
ing this short time cross country skiing has developed changes in move-
ment patterns and posture as a result of increased technology in the
development of the racing{iri. The performance of the skill must be

!execdted with the least expenditure of energy and strength to perform at
a standard of excellence (Maier and keiter,.1980).

The technique used by competitors to ski inclines and flat
terrain is the diagonal ski stride. This is performed when the skier's
forward movement is obtained through leaning slightly forward with the
upper part of the body and extending the pushing leg at the hip, knee
and ankle joints (Ekstrom, 1980). Once extension of the pushing leg is
complete, the recovery of the leg and opposite ski pole is applied for

propulsion.

Temporal Analysis

Dillman (1978) stated the initial step in any biomechanical
analysis is to formulate the objective of the-activity into mechanical
terms. The performance objective of cross country skiing from a mechan-
ical point of view is the development and maintenance of velocity.

VELOCITY = STRIDE LENGTH (SL) x STRIDE RATE (SR)
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v

The next step in a biomechanical investigation is to determine
selected motion or force aspects of the skill which have a direct influ-
ence upon the objective of the activity (Dillman, 1978).

Dillman (1981) observed a high correlation (r=.81 significant at
the .05 level) between stride length and velocity of the skier., There
was no significant correlation between stride rate and velocity
(r=-.02). Hhﬁn Dillman correlated stride length and stride rate there
was a slight tnverse relationship (r=-.60).

Waser (1976) analyzed various performance parameters associated
with the diagonal ski stride on flat terrain. The subjects in his study
were elite international skiers competing in a World Cup ski race.

Waser found that the velocity of the center of mass was greatest at the
end of the kick action during the force production phase. He also
demonstrated that the elite skiers speht less time in the force produc-
tion phase of the ski stride than the less skilled competitor., Soliman
(1977) also investigated the diagonal stride on flat terrain and
achieved the same results as Waser,

Dillman et al (1978) conducted an analysis of the diagonal
stride and found that stride length was more important that stride rate
in discerning the differences in technique between the two groups.
Dillman implied that the greatest difference in stride length occurred
during pole implantation and not during action of the force production

phase.

Kinematic Analysis

Novosad (1975) researched the segmental angles formed by the
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body during the individual phases of the diagonal stride. He found
there was little difference in the comparison of angular measurements of
the body between the top ten and the last ten finishers in an inter-
national ski competition. However, there were large differences between
the skilled and the lesser skilled groups for certain parameters,
Novosad found that the ankle angle and the trunk angle were nearly iden-
tical in the legs together stance during the kick action of the force
production phase. The trunk angle (1.01 radians) was slightly less than
the ankle angle (1.15 radtians).

Martin (1979) studied the diagonal ski stride on uphill terrain
using multiple regression analysis as a model for performance. He found
that only the velocity of the trailing foot and ankle angle at legs
together were significant predictors of the distance covered during the
kick action in the force production phase. Martin (1979) states that
the velocity of the trailing foot appeared to have a slightly greater
influence on the distance covered during the kick action than did the
angle of the lower leg. He also stated that the ankle angle at legs
together was the only significant predictor of time of the kick action
during the force production phase.

Soliman (1977) identified optimal values for two segment angles
associated with the force production phase (kick action). These were
1.22 radians for the ankle angle at legs together during the force
production phase and 1.43 radians for the center of mass angle at the
end of the force production phase,

Soliman (1977) employed a regression analysis and found during

the diagonal stride that the elite skier spent less time in the kick

|
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action of the force production phase. Soliman also concluded that the
leg opening angle at the beginning and at the end of the ylide phase had
a significant effect on performance.

The work of Martin (1979) demonstrated the time spent in the
pole and kick actions during the force production phase were significant
predictors of stride rate. Martin stﬁtes the time of pole implantation
had greater influence on stride rate than the time spent during the kick
action. Along with time of pole implantation Martin found the mechani-
cal components of the pole action had slightly more influence on velo-
City than the mechanical components of the kick in force production.

In conjunction with the kick and recovery actions, a third means
of force production in diagonal striding 1s the arms, Their
effectiveness is dependent upon coordination with the legs in terms of
timing, positioning and strength of their movements (Maier and Reiter,
1977). Marer and Reiter stated that the purpose of the pole plant in
the diagonal ski stride is to maintain the momentum derived from the
kick. When studying elite cross country skiers Novosod (1975) showed
that the time period of the pole plant‘is approximately 65-80 percent of
the total time of the stride. In contrast the average time of the kick
action is approximately 20-30 percent of the entire stride. During the
pole implantation phase Soliman (1977) found the force transmitted by
the upper body was greater when the elbow angle was less (range
1.79-2.53 radians). He also found that the greater the horizontal
distance from the pole to the foot at pole plant, the better the speed
production, Dillman et al. (1978) obtained similar results, The

skill@d skiers planted the pole forward of the support foot (15 to 25
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\

centkmeters) with the pole in a more vertical position,

The movement of the upper and lower 1imbs play an active role in
the recovery and force production phases. If the recovery leg is not
actively swung forward after the completion of the kick, inertia is lost
therefore slowing the glide of the ski (Maier and Reiter, 1977). Maier
and Reiter (1977) stated that present day technique calls for the knee
to be straightened somewhat at the end of the glide phase, an action

that forces the calf forward, sometimes until it becomes perpendicular

to the ground. This creates the following advantages:

- Straightening the glide leg 1ifts the hips, allowing for
free, effective forward swing of the recovery leg. If the
hips are too low the knee of the recovery leg must be
bent too severely, and the body weight will not be applied
to the ski early enough, thus losing impulse.

J/ - The additional forward push of the leg is aided by
simultaneous start of the opposite arms poling action.
This lengthens the glide phase.
(Maier and Reiter, 1977).

Kinetic Analysis

In cross country skiing the diagonal stride is dependent on the
skier making a movement which transfers the necessary force from the
arms and legs (Ekstrom, 1980).

Carlsen (1975) found that for the dfagonal stride on uphill
terrain jn the force production phase the lower 1imbs produced a greater
resuTtant force than did the upper body with the use of the ski poles.
Carlsen concluded that the initial position in the force production
phase (legs together) significantly affects the resultant force for pro-

pulsion,
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Ekstrom (1980) found that the vertical force during the kick
action was two to three times the body weight of an experienced skier
and 1,2-1.8 times the body weight of an average skier, depending on the
hardness of the ski track. The maximum vertical force measured in the
ski1 pole during pole implantation of an experienced skier was approxi-
mately twonsy five to thirty percent of the subjects body weight. The
aim in diagonal skiing is to achieve as high a resultant force as
possible to increase the propulsion of the skier.

The application of biomechanics in cross country skitng is a
relatively young field. Therefore, the amount of literature pertaining
to specific problems of this study is limited. The change in stride
position may seem to be a simple modification to cross country ski tech-
nique, however, the consequences of such changes may be amplified over
' racing distances of five to fifty kilometers. Evaluation of character-

istics and their relat1onsh1p is needed in order to solve the problem.



CHAPTER I11

ME THODOLOGY
Subjects
This study included fifteen male and twelve female elite inter-
national cross country ski racers, who used the uphill diagonal ski
stride on the test area during the fifteen kilometer (male) and five
kilometer (female) ski race at the 1981 Cyprus-Anvil World Cup in

Whitehorse, Yukon, Canada.

Source of Data

The site selected for filming the diagonal stride was 0.36
radian slope at the four kilometer secton. A Photosonic 1 PL 16 mm
camera equipped with an electronic timing light generator set at 10 Hz
was used. The subjects were filmed with Kodak Video News Film 7239 (ASA
160). The camera was placed perpendicular to a flat-measuring section
at a distance of 15 meters from the predetermined path of movement. The
camera height was set at 1.25 meters with a focal length of 40 mm. The
focal length provided for a 3 meter field of view and stationary verti-
cal and horizontal reference objects were placed 2 meters apart for a
field width of 22 meters.

The camera was operated at 100 frames per second with a shutter
angle of 30 degrees, exposure time of 1/1200 second and the f/stop set
at f/5.6.

The subjects were filmed by the “panning technique" (Gervais et

al., 1982). This technique was used to eliminate a small image size due

15



to the large field that was selected for analysis. (Figure 3).

Evaluation of the Film

The data ftim was analyzed using a Hewlett Packard 9852A Com-
puter handwired to a Hewlett Packard 9864A Digitizer and a Bendix Digi-
tizing Board. The system allows determination of cartesian coordinate
potnts accurate to 0.0056 cm. The total accuracy of the film analysis
was dependent on the resolution of the film and skill of the operator.

A Lafayette Motion Film Analyzer was used for projection onto
the Bendix Digitizing Board. st

A1l computer programs were written in Hewlett Packard Language

(HPL).

Calculation of Center of Mass

The Humanscale Anatomica® Data (Diffrient, 1979) was used to

calculate center of mass locations.

Data Smoothing

The data obtained from film were displacement-time functions.
The raw data were smoothed by a Butterworth second order low pass filter
(Walton, 1981). Corresponding velocity functions were calculated using

finite differences.

Time Parameters

The film speed was calculated by using the timing marks placed
on the film at 10 Hertz/second by the internal light emitting diodes.
For each trial the number of frames and timing marks were counted. The

frame rate was then found using the following equation.
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Frame Rate = number of frames
number of timing marks x 0.01 sec.

Fi1lm data was taken from every fifth frame of film. The time
Interval between frames was calculated by the following:
Time Between Frames = 5

frame rate

Data Analysis

Two complete cycles of the diagonal stride 1n cross country ski-
Ing on uphill terrain were analyzed to generate the raw data. The force
production phase and recovery/glide phase of the cycles for the men and
women elite skiers were separately investiyated. The common variance
between the segmental angle positions and the relative horizontal velo-
city of the center of mass were determined.

The followtng steps were used to find the coefficient of
determination between an absolute segmental angle position and the
horizontal velocity of the center of mass:

a) A correlation coefficient was found between the two para-
meters for the performance of the diagonal stride on uph11l terrain for

each subject,

b) The correlation coefficients were converted to z scores
using the following equation:

(1) z =172 1In 1+r
1-r

c) A weighted average of the 2z scores was taken

(2) z,4y =:L%] - 3) z;
(N - 3

where N, = the number of data points per sublect tor
the force proauction and recovery/glide phase.
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d) The z was converted back to a correlation coefficient

av
and squared to provide a measure of the coefficient of determination.
e2 z,, -1
(3) *= =
e“z,  +1

coefficient of determination = r2

The coefficient of determination was calculated between the
absolute segmental angles of the trunk and lower 1imb;, and the relative
horizontal velocity of the center of mass. The absolute segmental angle
displacements correlated were the trunk angle, hip angle, knee angle and
ankle angle in relation to the relative horizontal velocity of the

ctenter of mass.



CHAPTER IV,

RESULTS AND DISCUSSION
The purpose of this study was to investigate selected mechanics
of the diagonal ski stride on uphill terrain, The force production
phase and recovery/glide phase were analyzed to determine the variables
that significantly contributed to the production and maintenance of

horizontal velocity of the center of mass.

Smoothing and Fitting of Data

The data derived from the film analysis are refered to as "raw
data”. The raw data have inherent errors or additive noise associated
from the collection of data. The noise is from many sources - vibration
in the cine camera, projector, random error due to the conversion pro-
cess. Therefore, noise was removed by a Butterworth second-order low
pass filter (Walton, 1981). Filtering of any signal 1s aimed at the
selection-rejection or attentuatioh of certain frequencies (Winter,
1979). A comparison of smoothed versus raw data using a Butterworth
second-order low pass filter with a frequency cutoff set at 5 Hz 1s
11lustrated 1n Figure 4., The frequency response of the filter is the
ratio of the output filter, to the input filter, at each frequency
present. This means that the input signal passes through the filter
unattenuated (Winter, 1979). However, when the frequencies are above
the cutoff frequency the signal then becomes severely attenuated. |t
should be noted that the higher frequency nolse has been severely

reduced but not rejected. The best fit of the smoothing technigue

20
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appeared at 5 Hz. The rationale for the selection of the described fre-
quency cutoff was based upon the following criteria. [f the cutoff fre-
quency is set too high, less signal distortion occurs but too much noise
is allowed to pass. Conversely, if the frequency cutoff 1s too low,
noise 1s drastically reduced, but at the expense of increased signal
distortion (Winter, 1979), Although the selection of the cutoff fre-
quency was subjective it was evident that the data resulting from using
the filter were compatible with the event occuring during

performance.

Temporal Analysis

For the purpose of analysis the diagonal stride on uphil{ ter-
-

rain was divided into three phases; force production phase, recovery
phase and glide phase. The recovery and glide phase were combined
because the length of a cycle and the velocity of the skier on an
incline is reduced and thus the glide phase of one limb occurs simultan-
eously with the recovery phase of the other. The average time to com-
plete one cycle of the diagonal ski stride in the present study was 1.80
seconds for the males and 1.93 seconds for the females. The results
obtained 1n the present study were typical of performances of other
skiers analyzed Dillman (1981) found the average time to complete one
cycle of the diagonal ski stride was 1.97 seconds for males and 2.00
seconds for females. Martin (1979) reported a time of 2,03 secdnds to
complete a cycle on uphill terrain., The percentage of distance covered
in stride length in the kick phase (34.6% = M, 32.7% = F) and pole phase

(45.6% = M, 48.3% = F) 1n force production ana in the glide/recovery
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phase (19.8% = M, 19.0% = F) also reflect the same temporal

characteristics found by other researchers. (Table 1).

Kinematic Analysis

The objective of this study was to discern the details of the
movement itself and their relationship to the particular phase in ques-
tion,

Since more than one segment moves during the cycle of the dia-
gonal stride the analysis of movement was based on the relationship
between segmental movements and the relative horizontal velocity of the
center of mass. Coefficient of determination statistical analysis
infers the relationship between the absolute segmental angles and the
relative horizontal velocity of the center of mass. Listed in Table 2
are the percentage values (r2 x 100) to describe the relationhips.

In the force production phase (kick action) percentages of the
coefficient of determination were found to be 72,3, 77.4, 67.8, and 60.3
in elite male skiers in the trunk, hip, knee and ankle angles
respectively. For elite female skiers during the same phase percentages
of 62.5, 90.7, 76.4 and 66.4 in variance of the same respective angles
as above.

The above results do not imply any causal relationships but
infers the change in the relative horizontal velocity of the center of
mass is strongly associated with changes occuring in the other variables
investigated.

Figure 5 illustrates the temporal sequence of the body segments
during the cycle of the diagonal ski stride. In human movement the tim-

ing of various segments is influenced by the strengths and accelerations
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TABLE 1

OF THE DIAGONAL SKI STRIDE
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Glide/Recovery | Pole

Athletic Sample | Terrain [ Group | Kick Phase Phase Phase Reference
Cyprus-Anvil

1981 World Cup | Uphill M 34.6% 19.8% 45.6% Present
Whitehorse, F 32.7% 19.0% 48.3%  Study
Yukon, Canada

1980 Lake Placid Flat Elite 28 .4% 22.9% 48.7% Dilliman,
Olympic Games Good 29.6% 20.6% 49,8% 1981
1979 Pre-0lympid Uphill M 36.7% 16.4% 46.9% Martin,
Games, Lake 1979

Placid, N.Y,
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TABLE 2

COEFFICIENT OF DETERMINATION BETWEEN ABSOLUTE SEGMENTAL ANGLES
AND THE RELATIVE HORIZONTAL VELOCITY OF THE CENTER OF MASS OF
ELITE SKIERS DURING TWO COMPLETE CYCLES OF THE DIAGONAL SKI

STRIDE ON UPHILL TERRAIN

PHASE OF CYCLE SEX  TRUNK ANGLE HIP ANGLE KNEE ANGLE ANKLE ANGLE

(a) (8) (v) (¢)
-

FORCE PRODUC-  M** 12.3 77.4 67.8 60.3
TION PHASE

Frwx 62.5 90.7 76.4 66.4

RECOVERY/GLIDE M** 16.1 33.3 71.2 57.4
PHASE

Frax 12.5 24,7 58.9 49.8

* Coefficient of Determination = r2 x 100
**  Number of Males = 15
***  Number of Females = 12
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of these parts. From the figure the ankle attains its maximum velocity
0.08 seconds after the legs together (preparatory) stance. The knee
reaches its maximum velocity approximately 0,08 seconds after the ankle.
The maximum velocity of the hip occurs 0.07 seconds following the knee.
The transfer of momentum through the sequential action of the various
muscles and levers enables the skier to generate a resultant force for
propulsion.

Martin (1979) '1n a study incorporating multiple linear regres-
sion models related various mechanical and structural variables to per-
formance criteria. He found stride length was dependent upon pole plant
distance and the distance covered during the kick action in the force
production phase. Martin also stated that pole plant distance appeared
to have a much greater 1nfluence on stride length than distance covered
by the kick action. Dillman (1978) also indicated that the pole implan-
tation distance 1s one factor which distinguishes the better skiers from
the poorer ones. He states that fifty to sixty percent of the differ-
ence in stride length between highly skilled and average skiers occurs
during this time on flat terrain, The results from the present study
contradict the findings by Martin and Dillman. The difference in stride
length (0.48-0.61 meters) occured more in the kick action than 1n the
pole plant. The impulse yenerated during the kick action is high since
the horizontal velocity of the center of mass reaches 1ts maximum auring
this sequence. [t would appear that the momentum of the skier attained
during the force production phase (kick a¥tion) has an influence on the
length of the overall stride thereby i1ncreasing the length of the pole

implantation distance,
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An investigation by Ekstrom (1980) measured the vertical and
horizontal forces between the skier, the skiis, and the ski poles in the
diagonal ski stride. The magnitude of the maximal vertical force
applied by the pole plant in the force production phase was one-third
the body weight of the skier and the force applied over time was much
less when comparing with the differences in force produced during the
kick and the recovery/glide phase. The maximum vertical force applied
during the kick was approximately three times the body weight. During
the pole plant the recovery of the extended leg during the kick provides
a maximal propulsive force of 50 newtons. Therefore; the pole plant
distance is influenced not only by the force generated by pole implanta-’
tion but also by the force generated during the kick and recovery of the
kicking leg. Ekstrom (1980) has shown that the average vertical force
exerted by the arms is only approximately 10 percent of that achieved by
the lower limbs. This is related to two factors (1) the muscle mass
involved is less and (2) the upper limbs are a rather inefficient system
of leverage in the diagonal ski stride., The distance achieved during
the early portion of the pole plant was the result of the translation of
the body on the gliding ski, It was during this time that the greatest
distance in the pole phase occured. Once the ski stops, the rest of the
distance attained in the pole phase is the result of the body rotating
over the stationary foot. Martin (1979) has shown the same results in
reference to the distance covered by the pole plant. The differences
between male and female skiers in the distance of the pole plant is not

significant 1n this study.
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The coefficient of determination between segmental angles and
displacements is related to the horizontal velocity of the center of
mass. Martin (1979) found that the velocity of the trailing foot and
ankle angle at legs together were significant predictors of distance
covered n force production. Martin also states that ankle angle at
legs together was the only significant predictor of thrust phase time,
The results of the present study suggest movements should be analyzed as
a linkage of segments and their i1nfluence over the total performance not
as isolated segments.

During the recovery/glide phase on uphil] terrain a more ;ower-
ful and longer kick must be instituted to overcome resistance produced
by the incline. The glide ght". or, Ea"ﬂCi ®f 1t was to be expected
because of the gradient (U.36 radtans) of the slope. From the results
in Table 2, the coefficient of determination between the absolute
segmental angles (trunk, hip, knee ané ankle) and horizontal velocity of
the center of mass for men and women represented 16.1, 33,3, 71,2, 57.4
(men) and 12.5, 24,7, 68.9, 49.8 (women) percents respectively, The
relationship of the change in knee and ankle angle of the recovery leg
demonstrates how the segments influence the horizontal velocity of the
center of mass. This result confirms those of Ekstrom (1980). He
measured a propulsive force between the skier and snow surface when the
kicking leg was actively swung forward. The low values of coefficients
of determination displayed by the trunk and hip segments agree with data
collected by Novosad (1975). Novosad found that if the recovery of the

kicking leg was emphasized with a flexed swing of the hip and thign,

power was lost through a breaking action. If the leg is slightly flexed
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at the knee and ankle and quickly swung through, the inertia developed
can increase the force on the ski five to seven times more than if
executed with the emphasis placed on the hips,

The results of this study reflected a relationship between
selected parameters and their influence on the relative horizonta! velo-
city of the center of mass. The study may not have produced definitive
answers but has proved useful in constructing ideas and questions 1in

order to achieve a better understanding of the sport.
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CHAPTER v

SUMMARY AND CONCLUSIUONS

The purpose of this study was to conduct 4 temporal! anag xine-
matic analysis of segmental movement patterns in éllte Cross country
skiers and thus 1dentify variables which significantly contribute to the
production and maintenance of horizontal velocity of the center of mass.
The film data were analyzed from a field width of 22 meters incorpora-
ting the "panning” technique to eliminate a small image size due to the
large fiela selected for analysis. Subjects selected for analysis were
15 male and 12 female elite cross country sklers at the 1981 Cyprus
Anvil World Cup 1n Whitehorse, Yukon, Canada. One 16 mm pin registered
Photo Sonic IPL camera was used for the acquisition of cinematoyraphic
daia. A Lafayette pin registered film analyzer, Bendix di1gi1tizing
board, and a Hewlett Packard 98258 micro computer were utilized 1‘orc.s
analysis. The data were input 1nto a computer program to determine the
center of mass and 1ts motion, In addition, the following parameters
were computed: 1) The trunk, hip, knee and anxle absolute angles; 4nd
2) The horizontal velocity of the center of mass, The kick action of
the force production phase and the recovery of the lower limbs n the
recovery/gl1de phase were separated prior to statistical analys:ts,
There are differences 1n the mechanics of the diagonal! stride on upht'’
terrain for each 1ndividual skier. Parameters selected for study 1n*!ly-
enced the length of the diagonal ski stride. However, as previously

stated the question arises as to whether or not the position 1S5 better

31
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1f one cannot generate the force needed by the Ski to grip the snow.
The dr1fferences founda by Waser, Novosad, Dillman and others are apparent
'n the analysis of selected measures but a knowledge of forces 1s
necessary for a deeper understanding of the cause of the movement,

= Based on the results obtained in this study, within the limita-
trons of this research, the following conclusions are warranted,

1) The method employed 1n this study does provide a valid and
reli1able technique which can be used 1n determination of movement pat-
terns, 1n the context of biomechanical research.

2) The results of the study 1nfered a positive relationship
between the absolute angles of the trunk, hip, knee and ankle during the
force production phase on the horizontal velocity of the center of mass.
During the recovery/glide phase the knee and ankle angles were asso-

Cr1ated with the nhorizontal velocity of the center of mass.

Recommendations

The following recommendations are suygested for furtner

research:
N\

1) A comprehensive study of force 1nterplay 1n the different
phases of Cross country skiing 1s needed.

2) An analysis of elite and non-elite-sxiers should be con-
qucted to describe Jd1fferences between the two ygroups.

3) The 1ncorporation of mathematical modelling and optimizatior

would provide more knowledge 1n efficiency and potential of humar move-

ment.



BIBLIUGRAPHY

Angres, Peter, Cross Country Skiing: A Film Analysis for the Ascer-
tainment of Parameters which Determine Performance in Conjunc-
tion with the Double Pole Thrust. H. Keller, Kursletter land
S., Eth Zurich, 1§77,

Bedingfreld, E.W. et al. “Validation of Measurements from Pannegd
Cirnematography.” Unpublished Paper. Bromechanics caboratory.
Jniversity of Alberta. August, 1982,

Calawell, John. Calawell on Cross Country: Trdaining and Technique for

the Serious Skier., The Stephan Greene Press, 3rattleboro,
Vermount, 1975,

Carlsen, Johannes. Skiling Technigue dand Motion Tneory. Swedisn Ski
Jnion Eaucation Committee, 1975,

Conen, John, ana Conen, Patricia. Applied Muitiple reyression/Correla-
tion Analysis for Behavioral Sciences. Lawrence Erlbdaum
Assocrates Publishers, New Jersey, 1975,

Jrffrient, N., Tilley, A.R., and Bardayly, J.C. Humanscale l/¢/3.

Massachusetts Institute of Technology, M.[.7. Press, Caudbrrdye,
Massachusetts, 1979,

+

Jiliman, Charles Biomechanics of Cross Country Skiiny. Presented 4%
the International Society of Blomechanics, Japan, luxl.

O11lman, Charles T., et al, "Biomechanica! Ueterminations of :tftective
Cross Country Sk1ing Techmigues.” Unpublished Report,
Biromechanics Research Laboratory, Jniversity of [1linors,
Jrbana, lllinors, 1978,

txkstrom, fdans t. A Technical Method Neveloping the Mecnanical Functions
of Cross Country Sxiing, Journal of thne Jnited Stdtes Sx»
Coaches Association, Volume 3, Number 1, August 1379 'pp.

23-317.

Exstrom, Hans E. Bromechanical Kesearch Applied to Skling: A
Developmental Study and Investigation of Cross Country Skring,
Alpine Skilng and Knee Ligaments. Linkoping university,
Linkoping Sweden, 1980,

Ferguson, George A, Statistical Analysis 1n Psycholoyy and £ducatron,
McGraw-H111 Book Company, New Yorx, 1476,

Ferstle, Jim. Biomechanic Analysis Ards Sk1 Codches. Physicldn ang
Sportsmedicine, (12) 21, December 19Y7%,

33



34

Gervais, Prerre L. A Three Dimensional Analysis of Selected Mechanics
of the Arabran Dive Roll, Unpublished Thesis, uUniversity of
Windsor, Windsor, Ontario, Canada, 1980,

Hay, James G. The Biomechanics of Sports Techniques. Prentice-Hall
Inc., Englewood Cliffs, N.J., 1973.

Hiltunen, V.K. Biomechanical Comparison of the Diagona! Stride 1n
Beginner and Advanced Cross Country Skiers, Unpublished 'hesis.
Springfield College, Dregon, 1977.

Komi, P., Norman R,, and Caldwell, G. Horizonta) Velocity Cnhanges of
world Class Skiers Using the Diagonal Technique. Abstract.
University of Waterloo, 1979.

Marino, G. Wayne and Dilliman, Charles J. Multiple Regression Models of
the Mechanics of the Acceleration Phase of Ice Sxating Pn,D.
dissertation, University of [llinois, Urbana, [1l1no1s, 1975,

Martin, Phalap E., D1rliman, Charles T., and Davis, 2eter., A Time
Interval Analysis of Cross Country Skiing. Journal of tne

united State Sk1 Codaches Assocration, Volume 3, Number 4, July
1980, pp. 30-34.

Martin, Philip £. Multiple Regression Andalysis of tne D1agond! Stride
of Cross-Country Skiing on Upnill Terrain, Jnpublished Master
ot Scrence Thesis, University of [llinovs, Jrtana-Champaign,
197G,

McNemar, Juinn., Psychological Statistics, conn wiley and Sons, [nc. New
York, 1962,

Millarg, Robert. “A Temporal Kinematic and Multiple Keyression
Analysis/Comparison of Male and Female world {lass ~ross Lountr,
Skirers Conducting the Double Pole Thrust." Tecnnical Report,
Bromechanics Research Laboratory, Jniversity of [llinois,
Urbana, Champaiyn, 1979,

Maler, 5., and Reitter, T. Cross Country Sk11ng: Raciny “echniques 4and
> L B _ 1Ny |
Training Tips. Barron's tducational Series, .nc., New York,

1980.

'

Purdy, J.G, Computer Analysis of Champion Athletic Performance.
Resedarch Quarterly American Assoctation of Healtnh, 45 4 3yj-7,
December 19/4.

Kees, David. Cross Country Sk1ing: Touring and Competition., Copp
Clark Publishing, Toronto, 1977.




35

Rusko, H. and Kantola, H. Time-Interval Study at the World Championship
Games in Lahti 1978, Journal of the United States Ski Coaches
Association 2(4): p. B5-88, 1378\

Shaposhnikova, V.I., ana Bozheninov, M.0. Speed, Stride Length and
Stride Frequency of Skiers in Competitive Conditions. Teorija .
Praktika fizicheskoy kultury 11, 1973, 18-21.

Sokal, Robert R, and Rohlf, James F, Biometry W.H. Freeman and Company,
San Francisco, 1969.

Soliman, Awad A.T, "Cross Country Skiing: The Diagonal Stride in the
Flat.” Unpublished Diploma in Biomechanics Dissertation,
Laboratory for Biomechanics, Swiss Federal Institute of
Technology, Zurich, Switzerland, 1977,

Sukop, J. Application of Biomechanics in the Controlling System of
Athletes' Sports Movement Activity. Biomechanics VI-B, In:
Asmussen, E., and K. Jorgensen (Eds.), University Park Press,
Baltimore, p. &7, 1978,

United States Sk1 Team, Cross Country Coaches Manual, U.S. Sk1 Team,
Park City, Utan, 19/8.

Walton, J.S. Close-Ranage Cine-Photogrammetry: A Sensualized Technigue
for Quantifying Gross Human Motion. ODoctoral Tnhesis (Penn
State), 1981,

Waser, J. Fi1lm Analysis of Biromechanical Parameters of Cross Country
Sk1 Racing. Leistunssport 6(6), 1976, 476-482.

Waser, J., and Nigg, B.M. The Dragonal Step in the Flat by Cross
Country Ski1 Racing. Biomechanics VI-B, In: Asmussen, £., and
Jorgensen, J. (Eds.), University Park Press, Baltimore, p. 87,
1978.

Wwinter, David A. Biomechanics of Human Movement. John Wiley ana Sons,
Toronto, 1979,




APPENDIX A

KINEMATIC DATA

36



FINE PRINT

37

——————y

YAG G AT AUy A

‘peu) arbuy apwuy T -

(pes) abhuy (Votsualx)) apyuy - 3
(peu) Afuy (Jayiabo| <bal) | tuy - ]
(MAS/sa1aw) Aauy A -

{re1) a(buy dauyT . ¢

(ppu) aybuy {UO1SUAINT) AauY - )
(pea) ajhuy (13y1abo| shay) aauy - 11
{r3s/sua1aw) dip A - 0

(peu) 31buy diytT - &

{pPJ) Aaybuy (UvOISUaIX]) dIH - »
Acogvw_mc<Agm:uvmo»m@quaﬂxu

(pPu) 3|buy wunusj ¢ - g

(peu) aibuy uoLsualxy yuny| - 14

(peus) 3|buy (Jayraboy shay) wunuy - p

(sJa1aw) yibuay oo ,1¢ - ¢

{(S4233w) AIUPISIQ UOLIDY ADiy - UOLIINDOUY « 04 - 2
(295/4373W) SSPW 4O J431U3) 4O KI1H0 (3N 36PLAAY - |
puabhan

fUT ol ara]e0 o2t st o€ n]00[850]6170]90°0][00]50 0] 300 R0 00610 RIA]
19°¢ 901 (0° 211971100 Y €9°0) €L 2[60°2]166"v]08°0}02°2 00V 1]60°019/.°0189°0Q (8°F .mh%w<‘%NMNAh‘
vo [ Een (oot etz w2020z es v ool vzl ov il soro | ER 0T R0 e 00170
nerzfavo|entzisttlsczlssolscrzfozzfsstvlealzzal et violecalesolezy]oetl oy
Ccyteof9zizlss tfevs|esolwz|oziovs|zofzzz]ovt]s0colccolsonl iy |ovt sy
09°v | 6970 | st 2 |ovtjecw|trolscz|vorz|ets]|crojote|ee t] ool tiolveolese|6e 1|t
(07T 1900 |06 1 | w0 1 | €£°€]96°0)69°2|60°2 00" ]S 0]2t°2]¢ct]|91'0l28°0]99'n EC°0 | A7 T RO b
96 € | (S 0|86 |1yt |0se|9s 0|29z 90z e w| ol vte]crtiancolaolecal o loet|ety
teeresolreziasrivereleof etz vz |ettsierolzzczlovtiorolacolreol tee sl
0E°G 1 €50 f (12|99 1 [ov9|veo|8z|vzz|oRs{RrRs 0]wt-2]os 1]ct0{990]cs0]are|raolory
6E 0| 6070|6272 |05 T |68°€|000| (L7 2]c0"2|{68 v]880|92°Z]8 1]|01°0]600]{69°0/|R6°¢ |65 155
§9'p | ko etz verres | o6z 20z |8t 9] so ] serz]occttorofor 06 oty et |ecy
serzfvolotrz|eotjooe{090f9cz]atz]stv]ernlgzz|set|itnlecolesnolese| 2ot rty
9| w90 czizles ] atviocolcecz|oczles v aeolozcz vt ool a0l tero] tee logtt forty
00°% | 8970 [ 9172 |25 U wve |55 0f692|vt-z|eow|veofstzl v t{t00l6a0lorolaselietlory
09°F 19570 f k02| ss T |an s iscnlorzso 2] o s|seolse oyt 1ioficoloolenw|er]are
ot faragoctivsttjarttetolocz iz ecvlsaal vtz 6wt vorolornlesn et 6oy
S I “-,4r11-|1J1|-,-\ﬁ’\‘\wgf-.,»\1r‘a,}'ﬁ1<.'.yyurn'|Af,.11 o ]
at | 1 | et | st | et ﬁ S T 2 U N R U AT R S A ( 9 5 b ¢ , 1
S S S (R SRS U SR VNN R N R S| _ }

ISYHA NOTIINAORA 3IM04 - ¥ Iv0 T yWINT Y

:m,‘, :.‘_ >.u:
PIPpUPIG

CuPay
W/G1
W/t
wW/ET
W/21
W/l
W/0
W/h
W/ R
W/
W/9
W/G
W/ Y
W/§
W/ 7
W/l

X3$/123r8ns




38

FINE PRINT

{VRS, 53130 I auy A R
Avngw 3tbuy apwuy v - 1

(peyy Aathuy (U01SVAINTY) 3 wuy - QI
foes) ajbuy {sauiafo| shal) apyuy - g
(13%/51a13w) Aaux A « |

(ppus) 3|buy dauy v . ¢y

(peu) 9 buy (uoisuairy) aauy - 1
(ppa) Atbuy {saylrabo) sba) aauy . [
(Pas/ssaraw) diy 4 = 01

(pes) a1buy diy v « ¢

(peu} atbuy (voisuaixl) diy « g
(pes) a(buy (Jayilabo| sB37) din -
(peJ) a1buy wunu| v - g
(pes) 3 buy uot1SUAIXT yuny| - g
{pes) a1buy (Jayr3bo| sH37) wunu) -
(s4313w) yibua) 3apLuig « ¢
(SJ313w) 3duPISi( UOLIdY WLy - v01310Np0Jd 3DJU04 =
(d3s/421aw) ssew ;o 431u3) 4o K3170|ap abeuaay - i
puabay
ﬁ‘ a0 fan n] (0 0]ROD[T40 S0°0 | Y00 S0"0 | 19'0| 60 0] 0'0[s00]v00[RN 001 0TS0 0r 0 R0 uoiIeLA3Q ]
S 4. bitouRls
f{{wm.m 99° 04 €072 {4y L w2y 99°0F S 2 012 66"y [ 0[11 2 PE°1]50°0]88°01¢cR 0 PEEJ6OTLLEB°E ] uedw ]
6UEESD (6" T o 1 [0S°S ) (Lr0)6L 21202105916 0f11°2]02°1]10°0] 101 00°1 [ v1°€ [ 02°1|69°F 1/21
D9°C F¥S70 1 68 1) SE T | (v v | 90|18 2 ) w12 [£2°S|{60 0|91 2 e 1)vi0lc6°0]6¢70 SE'€ 19071 129°¢ 3/ 11
00°E ) ¥S' 0| w172 )09 1 |[6R°E[0L0 | v 2ivoZ] et v|seolet-zlset!lcon 6R°0 | 9870 f2€°C|(2°1]65°¢C 1/01
NS € 169701 (072 1851069 |€9'0[2°2]|60°2[¢6°v]|69°0]80°2]6e1|00°0]r8 0 88°0 | €0°C | ¥1°1 | (5°¢ 1/6
(RTE|RSTO I v0" 2 19v T |t w290 ccrzf1vz|ezs)ecoltirzlze ]800 06°0 | 28°0 | €8°C 190" 1| %0y i/R
(0RO 9072 | 9v U | vy w U0 )eL2f20°2|te v st0fj2172)se 1500 (670 | 26°0 1882 ({fF0"1|RE"( i/¢
6721690107212y 1| 01°E[29°0|0R°2|RI"2|68 v| (60|62 2]2¢ 1210 OR'0 | 8970168 € |20 1 ]66"¢ i/9
6 LRGN 00°2 | 1o T o w190 97z)stzlets|eccolwtrzicet|volvo OL'0 | €Y' g |12 1| 2h"¢ /5
CE Y6970 |60 2|90 T [CC v |S90]€r2|R02[c0°s|9/0]21°2) 9t t|s00lo080 SLT0|RSTEF P2 T 60"y i/
M b 6970 01721 SP T 9ST e STofece|9tzletrv]990]zozloc1lsonlgio €erojseefectt}ege i€
NOTE | oS" 0 | SR T [ 1o T [ (0w |[19°0]0L72])60°2|09°w]|69°0]20°2]1¢"1 YO0 10670} 9R°0 | 6€°¢C | v1° 1 |66°¢ 1/2
ap’F | S¥'n | 10" 2 ﬁww._ SRy €970 1t | ROz Sstts | 9o 902 teert|10cnlte0 ] 26tnlRee | R0t ﬁ_ﬁ.v 41
T i
Al L1 91 S bl €1 At 1 nt 6 R { 9 ﬁ 5 v f 2 ! 135/123rAns
S T A I T 00 U T S U U TR A I |

ISYHA NOTLIONO0NS IOR0) - ¥Iva )1 IvWINTY



FINE PRINT

39

PRy

)
{

(a5, peuy o
{(pPu) a(buy Aapsuy v -

VoA

(buy (1audabo) sfay) 3wy -
ngﬁacqﬁco.wcyu~wwu_‘c«q

(peu) a1buy dauy ¢ .«

f
(Das/pPu) Aauy & - g
{
I

d1buy (sayrabo) sha) aauy

PeuY o 1buy (UOLSuAYTY ) Aduy -

(pes) ajbuy diy ¢ -
(pes} ajbuy (J3ayiabog sba) dig -

{das/p

pu) i

H oA -

™ <

(res) ajbuy (LoIsuaIX]) diy - |

ISYHA A4IA0DIN - viva D] IVWINT Y

-

pU3RaT
9970 [ 10 8070 2170 [ Ry 0 1010 070 €10 R0 6070 [90°0 [R0°0 | Gaiaeiaag
— OLQCC!IH\M
VWA IR NS T ST I T AT AT AU0LOop Ll 17z ueay
€672 1 vy 0| (ETT 1B T | 2072 | 1€70[20°2|¢€C2({(9°s|sR0]0v 1|52 2 W/S1
B8 TJOE°0 1 (S T (8 T [61°2|6e°0[02°2)65°2|€9°g]| 060 16 1122 /bl
00°C | S®°0 1 SS™1 | 00°2 [ (872 |€v'0|20°2{Sv 2 |€S's|c80f0vT |2z W/E
6871 ve 0 1 99" 1 [ 08 1) /9T 1oc 0| voz|ve 2 |8270] o066 1912 /71
00°2 ) 8E0 1 yw 1|28 1| 202 |9v°0|60°2{SS 2| v v|R0(cc71]|20%7 W/l
terzfevol et es t] o tfoeol9o2)oc zez w0l et)pry W/01
52721 9€°0 | 8BS T | ¥6 1 | 18°2 [ Sy 0| vt z|65 2| o6 v 670 0v 1|61 2 W/
68721250 (v T 1912 | 19 2 v 0wz |tz et w|scofas| e s /R
05721 Sv 0| 05T 15072 | v6° 1 [SE"0f(0°2|2v2|2c¢|e90|nre 1|0z W/
Scepero vt et w2 leecof oz ez etts | ero|orrfere /9
S0TT P10 [ €9 F) w8 152 2 5o 0|91 2)1s 2|00 w |08 0]y 1]cr s W/S
9€72 1 €670 1 6571 1267110072 18270 | (02| se z)evs|or0|opt e WY
02°€ 1890125 110072 (v 1 f2zo0|vt"2{9e z]ovv]|99 0| 1p 1|07 W/E
067216270 ] 5S"T1]08°1[00°2[02°0)50°2|52°2]08°9] 890 0v 1|0y W/?
00T w0y oS U89t 2t evof i)z vite |80l 6v 1| 007 W/ 1
b — +—— 4 \,‘\llngy\lArl.lLﬁllt‘Lﬁf R -
AT g- 0t ﬁ 6 g R ; ‘ % 9 5 | v | . 2 H X3S/131r8ns



40

FINE PRINT |

(2a8/pes) A quy A =

(pes) 3jbuy 3wy v «

(eeu) athuy (1a413bo] $Ba1) awuy « 0
(pPu) 3(buy (UOISUaIXY) 3| yuy « 6
(73s/peu) aaux & - g

(peu) 3(buy dauy v . 4

(pes) 31buy (J3y13bo| sba) aauy - g
(pPs) 31buy (UOySU3INT) dauy <
(d3s/pes) din a « y

(pes) 31buy din v » ¢

(pes) 3 16uy (J3y13b0] $637) dyw - 7
(ppy) ajbuy (voysuaixy) diy . |

puabay
80|00 w0050 0] R0 0] 68 0 o—.oﬂ 5070 ] oo.oﬁ Twoniwiaeg ]
ULQUtQWM]f
(yriierlezzlevolot2iis zlie vy ler oy 1lol e o veew
WYIL26TT B2 2 [ Iv0f20 2 €2 |68 v ]R8 0f021 802 /21
SETT )08 1S 1)SE"0)pl"2|6v2]00°y|08°0)s671]) 172 111
09112072 11°€[95°0|9»0°2]09°2|00°%|2,70(8E°1 (012 1/01
SU"Z1EvY'0|BS T 10°2166°1166°0({60°2[R¥2]05¢|0r°0]6c 1]602 1/6
vl o fovirieettezrzlevolttrelese|ose|esoleent] vt i/8
(UZ)16E70 | 9% 1 |s8 1|12 |6c 02002 te 2| wv |08 0|se 1]t 2 i/t
09 T | Wy 0|2y 1981|9671 |6v 0812 ZUwieot |ttt see i/9
9728y o|1v 68119 1]62°0]6512 v e 1ol et fgoe /4
007 € [ ¥s 0|9y 1| 00°2|8°2]|050](80°2 oS v |18 0[og 1| 12 /v
cerzlevolsvufesifooz|eolorre 1y | veofoc 1oz 1/¢
€6 2| w0l tvr|serfeciziseol602 vl tcof et zot2 1/2
0072 | 0670 | 96" 1 om.—% (972 o..wg ROZ {8y 2 ce v |59 0661 vo.wg 1/1
1 - s o
P4 S I T B BN S R ( 9 5 v ¢ 2 i X35/103r8nS
SN S S GRS SN SN SN SRS S SR S

ISYHG ANIAODTY - YIVO VI IVWINT Y



