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The purpose of this study was to show a new method of determining the
result of shot putting. The technigue can be evaluated by two biomechani-
cal factors, Speed of Release and Angle of Release. Generally, therewere
several waysto obtain these these twofactors, principaly by the historical
cinematographic analysismethod insportsmechanics. The new method to
bediscussed wasdifferent fromfilmanalysis. |t revealed that the shot tech-
nique could be measured by throwing flight time. An excellent technique
has an optimum flight time. In this study the relationship between flight
time, angle of release, height of release and throwing distance was deter-
mined by computer model calculations, and the measuring and eval uating
method of the throwing technique was provided by mechanical laws and
data which had been obtained.

METHODS

Two mathematical models had been used in this research. The program
was constructed and then executed on an IBM-PC/XT 286 computer as
follows:

1. Theory Model (the mechanical character of thismodel that of the par-
ticle model)
Vo. =/ (T2-HTY + (8T)*
o = Arctg[(gT -2H) / (28)]
- The speed of release
Eu. - The angle of release
T - Theshot flight time
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S - Thedistance from release point to landing point

H - Theheight of point of release

g - Acceleration due to Gravity J

The following formulawere computed from the laws of projectile mo-
tion asfollows(see Figure 1)
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from: -H = Vo Sin0e.T - gT2/2
S= Vo cos 66.T
then: Vo sinfo=gT/2 - H/T
Vo COS Bo = 5T
According to the vector quantities parallelogram:
Vo =4/ (Vasinle)® + (Vocosle} =+ (gT/2-H/TE + (8T
Bo = Arctg[(Vosin Agh/{Vocoshn)] = Arctg[gT -2H)/(2S)]
2. Experimental Model (The mechanicsd thismodel arethose of arigid
body):
S=M;(ckw}.In[ckwm. VocosBol Vosinga + 4,V ssin® Eu:-lgll-'g +1)]
Thisformula was gained from an aerodynamic experiment of the shot
put by theinvestigator. It can be changed asfollows.
S=M/(CKW).In[CKW/M.V. cosfn.T *+1)]
then:
Vo =/ (g1/2-Hmy* + [M(CEW/T-1)/CKWT[*
Ao = Arctg(gT/2-H) (el CKW)S-1L.CEW)
M M
S-distance from release point to landing
H-height of release
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Yo-speed of release

Bo-angle of release

T-shot Might 1ime

C-resistance coefficient

Wearea of cross section

K-air deasity of cocflicient

M-mass of shot

g-acceleration due to gravity

Within a certain range of values whichweregivento S, H, and T, the
result was cal cul ated.

The fixed datagivento S, H, T, were asfollows.

S: 7-23m AS=1(m)

H:1.7-2.1(m) AH=0.05(m)

T:0.5-4.5(sec) AT =0.1(sec)

M =7.26(kg)
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RESULTSAND ANALYSES

About 27,744 data were gained from calculations, some of these are rep-
resented in Table 1. There were few differences between the theoretical
model and experimental mode (see Figurel). Resultsof the theory model
were discussed in the variableanayss.
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Table 1:
Thespeed and angleasrelated tothesame distance, height andflight time.
S=10m H =2m (notice: T.M-Theory Model E.M-Experiment model)

T(sec.) Vo (m/sec)T.M __ 0o(d-) TM Vo (m/sec)EEM  0o(d.)EM
100 1041 P 11 1024 1670
1.10 8.77 ) e 0,79 2%
1.20 5,34 26 T 2 g
LW 008 L g.10 v
1.40 0.t v L T 7™y
1.50 B.5E 2% B.5% 41950
160 0 a5™ G0 Mg
1.7 9.3 07 037 0%y
LBO 050 T b 951 L2
1.9 979 STV 980 i n
2.00 1020 i T 1015 07
ER 1 1048 £2% 1041 62 50"
220 1047 &g 1057 ARk
2.3 1127 CrE b 11.28 6716
240 1160 (] 17 69°5°
250 1213 70°44' 1213 70%42°

1. The Relationship Between Speed, Angle and Flight Under the Same
Height of Point of Release and Same Distance.

Itwasobserved that theanglebecamelarger astheflight timeincreased,
when the same height of point of releaseand same throwing distancewere
used. In other words, the Flight time would increase when the Angle of
release increased. There was a positive and direct relationship between
flight timeand angle.

Asillustrated in Figure 2 the speed emerged as a double curve law as
flight time changed. At the lowest point of the Vo -T curve, i.e. the speed
of release turned out to belarger when flight time increased, and wasmin-
imum at point To.

After point To had been passed, the speed increased asflight time in-
creased. Height and distance had been observed, and it wasimplied that
an optimum throwing technique can be gained whereby athletes throw the
shot to certain distance with hismaximum speed at the minimum speed on
the curve.

2. TheRelationship Between Speed, Angle and Flight Time Under Same
Height and Different Distance.
It had been found from Figure 3, that in order to throw different dis-
tance with same flight time at the same height, the angle decreased when
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distance increased i.e. the relation curve (Bs -T) moved down as the dis-
tanceincreased. At the sametime, the speed increased asthe distancein-
creased. Therelativecurve Vo -T moved up asdistance increased (Figure
4) 1t can be seen that the relation curve moved toward the right when dis-
tance increased. This result agreed with the conclusionthat distance was

influenced by speed and angledf release, thisconclusion wasknowninthe
throwing theory.

Figure4

3. The Relationship Between Speed, Angle and Flight Time Under the
Same Distance and Different Height o Point of Release.
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The angle had alittle decrease, asheight increased under thesamedis-
tance and different height, if flight time was the same (Figure 5). It was
alsofound that therangedecreased astheheight increased under thesame
distance. It can be seen from Figure 6 that, if flight time isthe same, the
necessary speed has a little decrease as height increased. Meanwhile, the
same changing range of up and down parallely wasfound in the calcula-
tions. Thusindicating that the influence uponthrowing distance by height
is not obvious. This agreed with the conclusion we have drawn.
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DISCUSSION

1. The Optimum Flight Time

It hasbeen known that there are many combinations between speed and
angle o release under the certain height of release. Among them, there
must be an optimum combination whose angle is defined as an optimum
angle under thiscondition. Also, it can bestated that the speed related to
optimum angle isa minimum among all combinations. The optimum angle
related to minimumspeed of any thrower can be calculated in order toget
maximum distance when the maximumspeed isto be handled asthe min-
imum point of the curve (Vo -T). Thisresult is the target used in obtain-
ing the optimum angle of throwing.

It isvery clear that aflight timerelated to minimumspeed and optimum
angle exist and can be gained in any case. In other words, there is dways
acertainflight time T, whichis related to the combination between mini-
mum speed and optimum angle for any height and distance. Thisflight time
is definited as optimum flight time in this study. If this optimum time is
measured, the minimum speed and optimum angle needed in thiscase can
be calculated (see Table 2 and 3).

Thereisalso apoint in the combination, where the optimum flight time
isafmed number, asthe shot isthrown to afmed distance from adifferent
height of point of release (see Table 3). Thiswill show that the optimum
combination ,speed and angle, for acertain thrower whose point of release
is not changed isa single value when he wants to throw the shot to a fixed
distance.
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Table2.

TheDataof Flight Time, MinimumSpeed and Optimum AngleUnder the
Sameheight of Release and Different Throwing Distance.

H=2m
TM EM

5 T "l'rq H-n vl:l E'.‘-'

9 1.38 £.41 W0 B.42 39706

M 144 £.96 oMy 298 o8

11 152 0,49 a"17T 9.50 40"’
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18 1594 12.57 278 12.60 42°16'

1o 200 1205 42%40* 1258 427 40"

0 204 13.32 42735 13.36 41°50°

71 210 13,68 'y 13.72 4053

2 214 14.03 42"59 14,08 42°08"

23 220 14,38 a3 1442 42937

Table3.

The Relationship between Flight Time, Minimum Speed and Optimum
Angle Under the Same Throwing Distance and Different Height of

Release

S=10m
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2. TheSignificanced Optimum Flight Time

It had been seen from theabovedata that acertainflight timeis related
to a certain combination between speed and angle when height and dis-
tance are fmed. So the method d measuringflight can be adopted to find
out an optimum combination between speed and angle o release fordif-
ferent throwers. The nature of optimum flight time which is not changed
infmed height and fmed distance, and which is changing as the height and
distance change provide us with the possibility to determine the throwing
techniquefor different shot athletes.
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