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Biomechanical aspect of throwing-The derivation of the

relation between weight of the thrown matter and its leap

MORIMOTO Yasuo

Department of Physics, Meiji University of Oriental Medicine

Abstract

[Purpose] When one throws an object, the power of the arm is transferred into the object. The leap
depends on the manner of power transfer. To investigate this manner, the leap is measured against the
weight of the object.

[Theory] The leap, L is proportional to the square of initial velocity, V- When the object of weight ,
M is thrown with the velocity, V), the power of the object transferred from the muscle of arm is nearly
MV03. since the kinetic energy of the object is —.}ZMVOz and the time necessary for the transfer is inversely
proportional to V(. The power generated in the muscle depends on the velocity of contraction (Hill equation),
V. that is. at slower velocity it is nearly proportional to V, while for higher velocity to VT2 At
intermediate (optimal) velocity it is nearly constant. If the weight of the hand is heavier than M, the
power is transferred into the object, when the relation, LecM™ is obtained. The values of n are estimated

;

as E,% and,% respectively .corresponding to the above three cases. On the other hand, if the hand is
lighter than M, the power can not be transferred effectively, because the kinetic energy left in the hand
can not be ignored compared with that of the matter. Alternately the velocity of the hand is transferred,
and the L is decided by the maximum velocity of the hand. Then L is expected to becomes constant.
|Results] Twenty kinds of objects of weight ranging from 5g to 7kg are prepared, and the leap is measured.
The results are as follows : for M <100g, L does not almost depend on M, while the relation, LocM™,
isobserved for M>100g. These are just the results expected from the theory. The values of n are ranged
from 0.4 to 0.7. For one who experiences thesport mainly concerned with throwing n is near 0.7, while it
is 0.5 for one who does not experience such sport. This result shows that the former can transfer the
power of the arm effectively to the object.

|Discussions] The leap, L depends on the weight of thrown object, M, asLecM™ for M=half of the weight
of hand, while L is nearly constant for the inverse case. This tendency does not depend on the experience
on sport, or sex of subjects. The value of n is near 0.7 for a subject who experiences the sport mainly

concerned with the throwing, while 0.5 for one who does not. Above results are analyzed self-consistently

through elementary theory of mechanics and the Hill equation concerning the force and power of muscle.
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