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ABSTRACT

The paper firstly makes research on kinematical equation after basketball
shooting and gets that basketball flight distance and ball initial speed are
in direct proportion, and ball flight distance will change as athlete release
angle changes, when player shooting rel easeangleis45°, ball flight distance
is the farthest. Subsequently analyze athlete shooting instant arms
dynamics principle; it gets shooting moment each joint speed relations.
And then from Lagrange equation, it establishes constraint particle
dynamics equation, solves basketball momentum is up to athlete shooting
instant wrist joint momentum, and gets when basketball player shoots,
player’s release angle should let arms and horizontal line included angle to
remain around 45°-50°, when ball is about to enter into rim, its included
angle with horizontal line should be 50°-55° that is most proper. Now,
player’s right shoulder joint and horizontal line instantaneous angle is
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INTRODUCTION

Basketbd|l isoneof theearliest American competi-
tiveevents, itisoriginated from 1890sthat was created
by ayoung teacher in Field at that time and he was
James Naismith. And inspiration that he created bas-
ketbal | wasfromloca childrenfavoriteactivity that shot
theball into peach basket, while subsequently he com-
piled basketball such sportsevent, which solved stu-
dentsin school couldn’t take outside training in cold
winter such difficulty at that time. Inthe beginning bas-
ketbal| stipul ated oneteam gppeared fivepeopleinfigd,
recorded basketball shot into rim asonescore, and at
that time rim wasthe one with bottom closed, every
time shooting, they should takeball out by ladder, sub-
sequently itimproved bamboo rim with bottom closed
aslivebottomironrim. In 1892, it regul ated that hold-
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ing ball running was not alowed inthefield, and rude
actsasoforbidden aswell asothersthirteenrules, while
till 1893, basketball then added backboard and net,
and it wasintroduced to Chinain 1910.

Basketball as akind of team competitive event,
mainly scoringwaysisroughly dividedinto threekinds,
shooting, layup and dunk. Shooting isplayer’s upper-
most scoring way in thefield, and shooting hasvery
high requirementson player’s technique and team tac-
tics, layup isfavorite shot way by most players, be-
causelayup hit rateisvery high and layup act isfull of
artigticfedings; and dunk isthebiggest defensive diffi-
culty shot way, itisupto player holdsball and jumps,
then directly dunks it into rim. With technological
progress, basketball hasalso been rapidly devel oped,
nowadays players’ heights are becoming higher and
higher, basketball techniqueisalsoimproving, which
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letsplayer attack and defensetechniqueto bea so con-
stantly improved. The paper will research on basket-
ball shooting act, analyzesitstechniquesand finds out
correct shooting postures.

MODEL ESTABLISHMENT AND SOLUTION

Kinematicsanalysiswhen basketball isshot

After basketball player shooting basketbdl, the bas-
ketbal | will makeparabolicmotionintheair under grav-
ity effects, by kinematicd principle, itisclear that when
the ball makesparabolic motions, it will haveainitia
horizonta speed V, cosa , and ball horizontal direction
can beregarded to make constant motion, vertical di-
rectioninitial speedisV,sina, and regard it makes
upcast motions. Thereforebasketba l kinematica equa:
tionis: x =V, cosat
H-H,=V,sinat-gt?/2

V,, a arerespectively basketball initial speed and
angle after player shooting theball, imheightis H ,
rleaseheightisH ,, basketbd| flight journey isusing x
to express. Combinewith aboveformula; it can get bas-

ketbd | flight journey andinitial speed aswell asrelease
angle and other factors relationship

BX =[V,?sinacosa +V, cosoc\/vozsin2 a-29(H-Hyl/g
Accordingto aboveformula, it can get that basket-
bal flight distancewill increasewithinitia speed V, in-
creases, and it can get basketball shot moment differ-
ent releaseanglesand flight journey relations, asFigure
1 show.
By aboveFigurel, itisclear that when bal initial

speed isdefined, ball flight distancewill changewith
player rel ease angle changes, and when player shoot-

ingreleaseangleis 45, bdl flight distanceisthefar-
thest.
Basketball player shooting moment dynamics
analyss

Now it can regard basketba | player shooting used
armsbig arm and small arm astwo rigid bodieswith
different volumes, and establish T, T,and T, points
into threefreedom degree model, as Figure 2 show.
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Figure2: Basketball player shooting armsfreedom degree
schematicfigure

T, T,andT, points are respectively basketball
player shoulder joint, elbow joint and wrist joint, big
amandsmall amanatomicd anglesare ¢, ¢,,, L, L,

are lengths of arms. Set that T point and T, point

trivectoris 3, 7,,whichisbasketball player shooting
arms big arm and small arm actua angular speed,
&,1ST, pointspeed, that: ; _; 7.

When basketball player is shooting, basketball
shootinginitial speed hasrelationswithwrist shooting

moment i nstantaneous speed, and T, angular speedis
affected by shootingarmshbigarmand smal arm angu-
lar speed aswell as T, angular speed. So T, speedis
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correlated toitsrelative speed and T, speed, expres-
sionis:\7('|71)G = élx 51 = ;1>< 51, V('IZ)L = ;‘2>< 52-

V (T1), iST, actual speedvector, v/(T,), isT, point
relativeto T, point speed, 5 LIST toT; position vector,

5 ,1sTto T, position vector. According to vector theo-
rem, itsolves L, andL, partial motionsto T, impact:

. . hd . hd . id . . - - . -
T3G =g1x D1+ g2x Do+ &1x D2 T3G =¢£1(D1+ D2) + €2x D2

. -

— .
o = Iygxé1te2x Do

Simplify andget: T,

1:3 . iST, point positionvector in reference system,

GX(C,‘la

T pointleadsto T, point generate speed as 173

gzx DZIST point leadsto T, point generated speed.

For Figure2 model T and T, point angleaswell
as T, point position relations, it decomposesand writes
&

X, = D, cosg, + D, cos(e, + ¢&,)
Y, =D;sing, + D,sin(g, + &)
z, =D, cosg, +D,sin(e, +¢,)

Thenmakedifferential with T point and T, point

angle, relationwith T, point position vector can bede-
rived from aboveformulaand get :

d)(:ax(gl’gz)d +8X(‘91"92) de,
og; Oe,
dY — aY(gl’gZ) + aY(gl'gz) dg2
Osg, Og,
dZ: 62(51152)+62(81152) dgz
Osg, Os,

Convertinto matrix formas.
OX(£1,6,)  OX(£1,¢,)
dx osg, o¢,
ay |- oY(g,6,) OY(g,e,) | de
4z O¢, oe, de,

0Z(&1,8,) 0Z(£1,¢,)
Og, oe,

By matrix property and vector product method,

writeaboveformulaas: 47, .-wd. , fromwhich yis:

X ox
0, O,
o oy
0, O,
iz oz
05, 05,

=3
I

\7\/ isdifferentia rd ation between current structure

node angular displacement and T, pointinfinitesmal
displacement. Input matrix rel aionshipinto abovefor-

—

mulaand can get: — 3¢ dT. orasT

wd e .
dg W[‘E'1,<E'2]T

InputitintoT, point relative speed computational

X X
Os, Os,
-|.—e = ﬁ ﬁ [Zl,zz]T «;‘1+ ;:2>< Bz
formulaand can get: O¢, 05,
0z oz

o, de,
Basketball player shooting moment rotational in-

ertial analysisand teaching

Basketbd | player shootingmoment actisasFigure
3show.

Dueto player shooting moment, armsarerotating,
according torotationa inertiatheorem, it can get bas-
ketbd| player overdl rotationd inertiashouldbe: p = smr?

Amongthem, m ishuman body each particlemass,
r isplayer each particleto axislength, human body
continuousfunctionis:p=[/, r’dm=/[], r?pdv

Thereforebasketbal| player shooting moment arms

rotational tensor ‘ﬁc ISR =111, p(r? E=1 1)aV
Basketbdl player body any pointQ vector expres-

SIONiSy =1, Byt 1, Eot 1, Es ?? is product of two vec-
1
tors; unittensoris:E=| 1 it unit orthogonal curve

frameis(y: E,, E,, Es)-
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Figure3: Basketball player shooting armsschematic dia-
gram

Basketball player shootinginstant armsresultant

> o o o

momen'[VGCtOI’Zy |SZy = CQZ+(0>< RC.Z

Player arms moment equation in each coordinate
axisdirectionisprojection fromorigina moment equa-
tion to three-position coordinate system, so player
shooting instant arms rotation generated resultant

momentT,isT, =¢ e,
¢, isshooting armsangular accel erated speed, |,

mll

isarmsrotational inertia And: 1,

Big arm angular accelerated

dw le

speed ¢, is ¢4, = e

And small arm angular accelerated speed

dW dW d;(z d;(l
#,1S4, = o a o

Then by Lagrange equations, establish constraint
particledynamicd equationthat: p - H — p

D issystemkinetic energy H and potential en-
ergy p difference, system dynamical equation

. d| oD oD .
|SE — i=12,--,n
dt(a D 6p]

Informula, bi isparticlecorresponding speed, p.
isparticlekinetic energy and potentia energy coordi-
nate, F, isthej coordinateactingforce, bigarmand
smdl arm aswdll ascoordinateaxisincluded angleare
respectively ¢, ¢, , lengthsarerespectively L, L, , big
amand smdl am gravity center position distanceswith
T point center and T, arerespectivelyq,,d,, there-
uponitisclear that big arm gravity center coordinate
(XY, )is
{quénel Y =qosg

X =qdng+qan(a+e,) Y,=-0 0085 -G08 5+5)

Similarly, small arm gravity center coordinate

(X,,Y,) canasobesolved. Systemkinetic energy E,

and system potentia energy E, expressionis

1
E.=En+E, Ey= Enllq].zglz
1 2 2 1 2 2 2
5 m, 262 + > M (&,+&,) +mL,q, (&5 + ¢, )cose,

E,=E,+E, Ey

Ei. =

g -cose,

E,. = M,00, [1-cos(s, + £, ) |+ m,gL, (1- cose, )
ThereforeT pointand T, momentM andM , is:
{Mh:|:|:A.l Az:|{glj|+[ﬁn A22:||:812:|+|:A12 A21:||:8182:|+{A.j|
M, A Aslle An A 522 A A ] 626 A
InaboveformulaB, is:

All - O A222 - O A.Zl 0 AZZ ranZ
A= mlch + mzqz + mzl-l +2m,L,q, cose,
A =(mg+mL )gsing +ma,gsin(e, +&,)

A, =mg; +mLg,cose, A, =my; +mLg, cose,
A, =-mLg,sine, A, =mlLg,sing,
| A =-2mLg,sing, A, =Ay,+A, A :mzngSin(gl"'gz)_

By aboveanalysis, itisclear that basketball mo-
mentum isup to wrist shooting instant momentum, so
when basketbal player in shooting teaching, in order to
let basketball get maximum momentum, it should let
player increase swinging arms force, so when

£1,6,MEEL4S < 21 52 <00, g 5, < 5,» ANDINCreasewith

)i and;

1 ,» Wwhen basketball player is shooting,
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L, and L, anatomicanglechangingratearrivesat maxi-
muminunit time, and during theperiod L, anatomic
anglechanging rateisbigger than L, anglechanging
rate. Becausein theinstant of shooting arms shooting,
forcewill betransferreddong L, axisto L,, which
causesforceloss during transmission process, there-
fore L, angular speed bigger than L, angular speedis
morebeneficia to T, point acceleration. And accord-
ingto player shooting instant armsdynamica analysis
result, it can get when basketbal | player shoots, player
releaseangleshouldlet armsand horizontd lineincluded
angleto beremained around 45 - 50, When bl isabout
to enter into rim, itsincluded anglewith horizontal line

should be 5o - 55 . Now, player’s right shoulder joint
and horizonta lineinstantaneousangleis142°.

CONCLUSION

The paper firstly makes research on kinematical
eguation after basketball shooting and getsthat bas-
ketball flight distanceand ball initid speed areindirect
proportion, and ball flight distancewill change asath-
|ete rel ease angl e changes, when player shooting re-
lease angleis45°, ball flight distance is the farthest.
Subsequently andyze athlete shooting instant arms dy-
namics principle; it gets shooting moment each joint
speed relations. Makeanaysisof itsrotationa inertia
and get player each nodemomentum relaions, thenfrom
Lagrangeequation, it establishes constraint particledy-
namics equation, solves basketbal momentumisupto
athlete shootingingtant wrist joint momentum, and gets
when basketball player shoots, player’s release angle
should let arms and horizontal lineincluded angleto
remain around 45 - 50, When ball isabout to enter into
rim, itsincluded anglewith horizontal line should be

50 ~ 55 - NOw, player’s right shoulder joint and hori-
zontal lineinstantaneousangleis 142°. These results
providegood guiding for basketball teachingandtrain-
ing.
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