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ABSTRACT

Basketball competition isintense, shooting technique isthe key to ateam
scoring. This paper applies differential equation modelling knowledge to
make research on basketball movement rulesin the air, and gets basketball
air movement trajectory formula. According to trajectory formula, it gets
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rim any distance status best release speed, angle. Combine with fluid
mechanics knowledge, it carries out force analysis on basketball air
movement, and it finds out basketball speed and air resistance function
rel ationships by combing differential equation modelling knowledge. Then
it carries out basketball force analysis and gets basketball air movement
trajectory formula, so that finds out basketball air movement rulesto make
contributions to basketball players’ shooting technique improvement.
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INTRODUCTION

Basketball isfoundedin January,1892, thoughit has
beenignored by peopleinthelatte half century, after
Berlin Olympic Gamesin 1936, it isfast popular all
around theworld, whilein modern times, basketbal |
national level competitions mainly are ChinaCBA,
AmericaNBA. International competitionsmainly in-
cludebasketball world championship, Olympic Games,
Stankovic Cup. With eradevel opment, basketbal rules
are constantly perfecting, techniqueisconstantly im-
proving, and people around theworld moreand more
loveit. Each basketbal | team requestson shooting tech-
nique also get higher, therefore, this paper makesre-
search on basketball air movement ruleswithanaimto
make suggestionsfor shooting technique.

For basketball shooting technique, lotsof people

have maderesearches, and put

Forward their own thoughts. Wang K e-Hai(2001)
combined with sportshiomechanicsandys's, madere-
search on shooting technical motions’ shooting differ-
ent hands, waist aswell aslower limbsmotionsand
shooting stability rel ationships, and got somerul esthat
moment of momentum theorem and moment of mo-
mentum consarvation law applying into basketball shoot-
ing technique, it made suggestionsfor shooting tech-
niques¥; Liu Xin-Xing (2008)combined mechanical
analysisto research on shooting technical motionsand
field goa percentagerelationships, it stated shooting
technica motionsimportanceonimproving field goa
percentage. And poi nted out improve shooting motions
methodsthat wasto strengthen receiving—holing mo-
tions-ai ming-shooting motion transformation coordina:
tion; Yuan Feng-Sheng (2007) applied sports me-
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chanics principleto carry out research relative com-
prehensve, systematica anaysisof shooting technical
structure, and made research on projection angleand
shooting angleruleswhen shooting air ball, and got dif-
ferent shooting distances best incident angleand pro-
jectionangled.

Thispaper, onthebassof previousresearch, makes
research on basketball air movement rules, and utilizes
differentia equation establishing basketbal movement
trgjectory model. Findsout different shooting distances
best rel ease speed and anglewith an amto make con-
tributionsto shooting technique and propel to basket-
bal| devel opment.

BASKETBALL FORCEANALYSIS

After athletes’ releasing, basketball belongs to re-
sistance oblique projectile movement. Basketball ob-
lique projectileforceanaysisisasFigure 1 show.
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Figurel: Basketball obliqueprojectileforceanalysischart

FromFigurel,itisclear that basketba | suffersef-
fectsfromgravityG andair resistance f , gravity G

gzeiscongtant, G = mg . Directionisconstant that ver-
tical and turnsdownwards, but air resistanceisinflu-
enced by multiplefactors, and it changeswith basket-
ball speed changing, isachanging quantity at any mo-
ment, isvery complicated.
Basketball obliquemovement air resistanceanaly-
Sis

Air resistanceisaffected by multiplefactors, ac-

cording to fluid mechanics; itisclear that basketbd| air
movement mainly affected by pressuredrag, Reynolds

number, effectivewindward area, air resi stance coeffi-
cient, aswell asmovement speed.

1) Atfirst consder round platesuffered pressure
dragwhen it movesin theair, asFigure 2 shows:

The direction of movement

State 1 State 2

Figure?2: Plateand air flow staterelationships

Assumethat airflow not yet arrivesat plateiscaled
as*“ state 17 and airflow already arrives at plate is called
“state 2”, and first assume airflow speeds all turn into

zero after collidingin platethat v, = 0, thenaccording
toBernoulli principle, it has:

1 1
Rt =Pt v, 1)
P isunit volume airflow pressure, from which
movement

v,=V (that is plate

1 o
speed),v, =0 thenP, - P, =P, if it thinks that

plate back pressure is equal to front state 1
pressure B, ,then, platetwo sides pressure difference

multiplesplatearea a ,it can get resstanceF, :

1
Fa = (P~ R)A= pAV? @

_____

Figure3: Air roWiﬁg schematic chart
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Itisnot the correct expression, becauseevenplate,
not all gaseousmassfully loses speed whenit flowsto
plate and would be more possible as Figure 3 shows
flowsto the back surrounding plate, obvioudy at this

time, P, should reduce, plate back P, should aso
change.

Anditwill gppear frictionresstanceaswdl asmore
complicated other air resistanceformswhen gasflows
to surface, becauserelative correct genera resistance

expresson should bringinto ares stancecoefficient C,
letit changeinto:

1
Fa =ECdPAV2 ©)

C, sonificancehastwo points: thefird, it expresses
actual resistance and above plate extreme case, the
second, C, istotal effect that includes pressuredrag,
friction resistance and other resistance. That

C, = G pressure + C,friction + C,others
in concrete case, dueto object shapes, movement speed
sizesand object surface evennessdifferencesdl would
led to each concreteresistance proportionintota re-
Sistance appearing greater differences, that:
Cypressure/Cy + Cyfriction/Cy +---=1 (4)

Formula(3) ispresent theory generally used air re-
sstanceexpression, fromwhich a ismovement object

: P e :
crosssectional area(itis ZﬂD tosphere), theresis-

tance coefficient C; of themisrelated to shapefactor

and dso speed factor, therefore, it cannot generaly think
air resistancein formula(3) isin direct proportion to

v2, it needsto specific define.
2) Reynoldsnumber

Reynoldsnumber isfluid flow critica exponent de-
scribing airflow flow statelaminar flow, turbulenceflow,
itrecordsasR, . Laminar flow or turbulenceflow state

air viscousresistancedifferencesisquite bigger, there-
foreReynolds number
Re = PVD/ n (5)

Amongthem, v isflow speed, p isjet diameter,
the subject issphereair movement, then 0 are respec-
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tively ball speed and ball diameter; 77 isair viscosity
coefficient.
3)SphereC,and R, relationship

Accordingto each sphereair flight moment resis-
tance coefficient testing experiment (Figure 4), it
finds: C, and R, relationshipsareup to spheresurface
evenness degree, it has nothing to do with spheredi-
ameter. From Figure4, itisknownthat C, hasgreat

rel aionship with sphere surface.

Smooth spheremovesintheair, it canregard sphere
moving front and back airflow movement as*“pipe flow”.
When movement speedisnot big, “pipe flow”” is in lami-
nar flow state, current linedistribution of laminar flow
condition canrefer to Figure>b.

Figure4: C,and R, relational graph

The direction of movement

Figure5: Laminar flow condition current linedistribution
graph

Pipecenter (that isphere center) speedisthemaxi-
mum that isball speed; “pipe” wall (ball side) speed is
zero. At thistime, spherefront airflow will not turnto-
wards back. Then pressure drag dominates. Similar to
plate extreme pressure drag deduction, only ball front
and back airflow show changerulesas:

v(y)= v(l—%) ©)
s LBioTechnology
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Amongthem, a isball radius, y isbdl center line

distance. Thepressuredrag caculationisasfollowing:

d Fy =2 pv3(y)dA @

dA =2\/a® —y? *dy ®

Among them,dy expressed areais as Figure 6
show.

0 |

Figure6: dy expressed area

AndyzeFigure6, andthenit has:
f1 2 y ? 2 2
F=dea=2jEva (1—5) a“—y-dy )
0

“forsef () (2] )

_ 15u—32(%pvz4a2)

48
1 -
F=042pv?A (10)
2
Amongthem, A= ra’ = isspherecrosssec-

tion.

When movement speed increases to turbulence
state, current linechangesinto Figure 7 state, at this
timefront and back gaslinks, pressure drag precipi-

tously getssmall, C, dramatic reduces, when turbu-
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Figure7: Turbulencestatecurrent line

lencestate hasdready thoroughly formed, pressuredrag
doesn’t dominant, friction resistance will increase with
speed increasing, showsthedow rising state.

Rough sphere and smooth spherehassimilar re-
aults only maintaininglaminar flow condition speedrange
ismoresmall, thereforeit hasFigure4 curve

@case, asfor corrugation sphere, because of no
laminar flow conditions, it hasno curve ©, @thefirst
phaseflat straight line, it appears curve® case. Bas-
ketba | belongsto rough ball, therefore basketbal | speed
and resstancefunctiona expressionis.

F= 0.4%pV2A (10)

BASKETBALL MOVEMENT TRAJECTORY
CALCULATION

According to Figure 1 force analysis, it can de-
compose basketball movement into vertica direction
and horizonta directiontwo segmental movements.

Vertical direction segmental movement solution
Assumeahl ete shooting moment rim horizontd dis-
tanceisknown that isx, , shooting release speedis v,

releaseangleis 6,, basketball massis m, when bas-

ketball isreleasing, itsheight fromgroundish, . Com-
binewithformula(10), it can solvevertical direction
accelerated speedis.
= Fsin(8,)-G
m
Then basketbal verticd direction height expression
followingtimechangesis

(1)

h=vosin(90)t+%alt2+h0 (12)

For formula(10) speed isalso changingwithtime
changes, itscaculationformulais:

BioTechnology — cmmm—

Hn Tudian Jounual



BTAIJ, 10(2) 2014

Guang Lu

147

(13)

t
V=J.,laf +a,” dt
0

Therefore, accordingto formula(10)(11)(12)(13),it
canget hand t functional reationship asfollowing:

2
t
ép[j Ja 2+ agdtJ Asin(0,)-G
0
+

2m

(14)

h=vysin(@y)t +

ho

Horizontal direction segmental movement solution

Horizonta direction accel erated speedis:
a, = Fcos(8,)
m
Horizonta distancex functional relationshipwith
timechangesis.

(15)

(16)

Then accordingtoformula(10)(11)(15)(16), it can
get xand t functional relationship:

2
t
;g{jw/af +a§dt] Asin(8,)
0
2m

Accordingtoformula(14)(17),it can get basketball
movement trgjectory when it isgiven shooting, rim hori-

X =V, cos(0 )t +%a2t2

17

X=VqCos(0,)t +

zontal distancex,, shooting release speedv,, , release
angle 6,, basketball mass m, basketball releasing

momentitsheight fromground h,, . Toimprovefid dgod
percentage, thenit needsto sdect proper incident angle,
so that according to shooting angle combining with
movement trgectory formula, define best shooting re-
lease speed, release angle.

ANALYSISOFMOVEMENT TRAJECTORY
AND SHOOTINGANGLE

Shooting anglerefersto sphere entering rim previ-
ousinstantaneous movement trgectory reflected curve
aswell asthe point tangent lineand rim planeformed
included angle. Thebigger athlete shooting moment pro-
jectionangleis, thehigher sphereflight arcis, thebigger
shooting angleand shooting section surfacewoul d be;

————, FyurL PAPER

with permissibleerror rangeincreasing, itisa so hel pful
for improving field goal percentage. If in competition,
athletes shooting arcislow, the shooting section and
permissibleerror rangewould bereduced, it will surely
reducefield goa percentage.

Basketball diameter R = 24cm,

diameter | = 45cm ,given 6, tobeminimum shooting

anglewhen making the basket, then minimum shooting
angle when making the basket isequal to basketball
diameter and rim diameter ratio arcsinefunction, that:

rim

9=arcsin§ (18)

Accordingtoformula(18), it isclear when shoot-
ing anglereducesto 32°393 , basketball section will
equd to basketba | diameter, at thistime, permissible
error range has already reduced to zero, if shooting
anglereducesagain, and ball will inevitably touch rim
forward sidethat causefield goa percentage reduces.
Therefore, shooting angle sd ection surely should above
32°393 . To different shooting distances, required shoot-
ing anglesaredifferent, shooting angleistoo largethat
will causearc beingtoo large and reduce shooting sta-
bility, shootingangleistoo small that itiseaser totouch
rim forward Sdeso that field goa percentage reduces.
Therefore, it should select reasonable shooting angle,
for best shooting angle defining, lotsof people have
madetheir suggestions, isaround 45°, the paper will
not further state.

According to shooting angleand movement trgjec-
tory formula(14)(17),s0 that define different shooting

distances best release speed v, , best angled, .

CONCLUSIONS

Thispaper, for basketba | air movement conditions,
combining withfluid mechani csknowledgeto makeforce
analysis, appliesdifferential equation establishingair
resistance and speed, aswell asmass, surface rough
degreeand other factorsfunctional relaion expressions,
it discusses basketbal | shooting angle. It getsthat shoot-
ing anglesdection should above32°393 , shooting angle
selection and optima basketba | movement trgjectory
areclosdy correlated; it establishesbasketball move-
ment trgectory and timefunctional relationship, accord-
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ingtothereaionshipaswel asoptima shootingangle,
it canwork out rimany distances’ optimal release angle
and speed.
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