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ABSTRACT

Asbasketball becomes popular, the exciting atmosphere and other factors
such as the aggressive defend reduce the shooting field. The basic and
simple way for scoring in basketball match is shooting, the accuracy of
which has decided the game to a great extent. The key points for the
accuracy of shooting are the power and direct, and the speed and angle of
shooting can decide the goal. By establishing the mathematic model of the
ball and basket, the essay isfocus on the influence of shooting field under
thefour different variables: the size of the ball and basket, the air resistance,
shooting angle and speed and the relative maximum deviation. On a
standard basketball ground, the fast the speed increases, the lessdeviation
the angleallows; the bigger deviation the speed allows, the stricter demand
we have on the angle than the speed. If the speed is fixed, the higher you
shoot, the lessdeviation of the angleyou’ll have, at this time, the allowable
deviation of shooting speed can be up to the limit, and the demand for
shooting angle and speed is low accordingly.
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FOREWORD

Sofar, thestudy on basketball in home and abroad
isfocus on the influence of various factors towards
shooting from all aspectsand different levels, mainly
including technology, combination, skill and thenuitri-
tion of athletesto create mathematic and mechanical
modd for study. Theteacher in basketball teaching and
training, coach and theresearchershavemadeanalysis
onthefactorswhich can decidethe shooting field from

different perspective.
Thefactorsthat influenceshooting fid dareabout the

same, including the shooting time, technol ogy, holding
pattern, holdinglocation, shootingways, falingsyle, am-
ing methods, shooting angle, parabola, falingangleand
soon. Theprincipleand methodshavebeen specified: in
“the factors that influence shooting field”, Liming stated
theinfluenceof shooting skilled movement on shooting
fidd; in“the influence caused by increasing the shooting
ranginjumpshot” Stuart, Miller Roger and Bartlett (1993)
took somephotasof jump shot indifferent disancesfrom
the basket inthe Men’s basketball match of University
sportsinthecity of Sheffield. Through dataanalysis, it
wasfound that the shooting Speed i ncreased asthe shoot-
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ing distanceincreased and acertain specid rdationship
existed between shooting angle and distance?; it was
gatedin Groningen’s “shooting skill” that shooting angle
meanstheintersection angle between theleve of shoot-
inglocationandthemoving directionthetimetheball 1 eft
the hands, which decidestheheight thebdl fliesintheair
andthefdlingangle. If the shooting speed isfixed, shoot-
ing speed and moving radian would below, and vice
versa. Only had thefixed shooting angle and speed co-
operated cantheball flied along asuitabletrack inthe
gaceand fdll into theexpected target, thusproviding the
scientific basisfor the study of shooting process.

Under thiskind of background, the essay discuss
about the basketball shooting with sportsmechanicsto
establish an effective shooting model, analyzingthein-
fluenceof variousfactorstowards shooting filed from
the shooting angle, speed, shooting height, theleve dis-
tance of thebal and the basket, and therelationship of
the shooting angles. Finally, the shooting angle, speed
range and thedlowable maximum deviationfor faling
has comeout.

BASKETBALL SHOOTING MODEL

Look at theFigure 1, first set acoordinate system,
and supposeV istheshooting speed whent=0, anglex
reflectsthe basketball, 9 expressesshootingangle, and
we can congder it aprojectile motion of the particle.

Anayzethebal whenitisflyingafter leaving the

A J

Figurel: Basketball shooting model
hands, set the speed along thehorizontd direction, ver-
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tical speedas v, 0V, , sotheformulaof themisasfol-
lows

V, = VCOSQL
vy =vsina—gt @

Thenwecan cal cul atethelocation of the Centreof
thebasketbdl (x, y):

X = Vvt cosa
y=vtsinot—%gt2 (2)
Thet can bediminated from the aboveformula,

9
2v? cos® 0
of thebasketball directly passesthrough that of thebas-
ket, we can put p,( X,, Y, )into (2) and get the fol-
lowingvaue

x?, if thecentre

andthenwegot y = xtano -

2
V2 = 9Xo
2005 8(x, tan 8- y,) (3)

We can seefromtheparabolain Figure2, theangle
of incidence ¢ will increase asthe shootingangle ¢
increases, and viceversa. So the shooting angle ispro-
portional totheangle of incidence when isreduced to
be 30°.
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Figure?2: Relationship between thespeed and shooting angle
Basketball and basket as the particles, the ball
fallsintothe centreof the basket

Calculating the condition of the centre of theballs
falinginto that of the basket accordingto formula(3)

v2 29 gx?
tan(l—gx|:l+ 1—F y_H+ﬁ (4)
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Tenable condition for formula (4) is:
2 X°

l—v—?(y—H +%)20
Sowecan get:

vzzg[y—H+ x2+(y—H)2} (5)

We need to figureout theminimuminitial speed, if
youwant theball tofall into the basket, enough speed
will beneededto affordit. Theminimum shooting speed

tosupport formula(5):v,
Vinin = \/g[(y— HWX? + (v - H)2]

Thefunctionof v . towardsH isasfollows:

778
77 | I—.

75
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Figure3: theblanksof Minimum speed and the height

When consdering theair resistance, horizontal re-
sstanceonly:

W, =-av,

Accordingto Newton’s laws, the differential for-
mulathat the basketbal | meetsin the horizontal direc-
tionis

dx
L
dt

dv, ©
dt

When t=0, we can cd culatetheformula(6) by us-

m

ingtheinitial conditionv, = vcosa , x(0)= 0
;at
v, =e™ vcosa
And then use the initial condition to calcu-

late—— =V, , wecan get:

1—2e‘a/
X= m v cosO @)

Put (7) into (4), Cd culatethere ationship of shoot-
ing speed andtheangle.

Ball and basket not asthe particle, theball falls
into the centre of the basket

Consideringthesizeof theball and the basket, so
the angle of incidence can not below, otherwisethe
ball would shoot onto thetop of the basket. Theangle

_ dy 2 :
of incidence * =74 sotana =tano - =" | different
% %

X=

o fordifferent 9.

The allowable maximum deviation for shooting
angleand speed

Tomakesuretheball fallsinto the basket, the cen-
tre of the ball does not necessarily hit the centre of the
basket, it can be partia front or behind (put aside par-
tia left or right). Discussing about the allowable maxi-
mum deviation for shooting angle and speed on the
premise of making surethe ball fallsinto the basket.
Whenthebal falsin, thecentre of theba | might devi-
atefrom the basket core. The maximum distance be-

foredeviationis| , which can be calculated from the
angleof incidenceg . And then we can get the alow-
ablemaximum deviation | basedon ¢ andand g in
theball coretrack. Themaximumdeviation Ay alowed
by shooting speed v can be calculated in the same
way.

Supposed the diameter of thebasketball isD, and
thediameter of thebasket isd, the possible maximum
distanceintheprocessof falingintothebasket is:

- %_ ZsIIn o ®)

To get the all owable maximum deviation of shoot-
ingangle, wecanuse x + Ax toreplace x torecalcu-
lateinformula(4). It can not becalculated by analysis,
because g and ¢ areincludedinAx . Butif westart
fromformula(3), and replacetheheight between people
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andtheball by y - H , wecan get:

52 g

2v? cos? a.

Makedifferentiation of o , wecan get:

dx _ x!v2 —gxtana!

da  gl-v?sinacosa

—-Xtana+y-H=0 9)

(10)

AX
Replacetheleft derivative byE , Wecan get the

following relationship between A (derivation of
shootingangle) and Ax :
A gx—v?2 sinacosa Ax
x(v2 —gxtanai

We can easlly figure out therelative derivation by
Ao ande .

Similarly, wecan seethat if we makethedifferen-
tiation of v informula(9), wecan get the alowable

(1)

AX
maximum speed derivati onE thetimethebal left the

hands.

gx—v?sinacosa
Av = gx—2 VAX (12)
Sotheréd ative derivation caculated from formula

(11) and (12) is:

2
Aa(v —tan (x)
ox

RESULT ANALY SIS

AV
\"

(13)

Ball and basket asthe particles

2

v
(1) Ignoringtheair resistance, V min —&.Selectthe

height h=1.8-2.1(m), and thentheresult can be seen
fromTABLE 1.

TABLE 1: Basicindex statisticslist

H(m) Vmin (WS) 0!(0)
1.80 7.66 52.5
1.95 7.55 51.7
21 7.42 50.7
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We can seefrom tablet 1, the shooting speed and
anglewill reduce asthe shooting height increases, and

the shooting speed should not beunder 8m/s inthis

kind of Situation.
(2) Condderingtheair resstance:

y=—m|n[(1— X ]a}—lgmlnz[(l— X Ja}
vcosa ) m 27 a vcosa /m

Substitute p,, wecan get:

Yo-H= —mIn[(l—iji}—igmlnz[(l—ijg}
veoso)m| 2 a vcosa ) m

Supposea/m = 0.005, the resi stance speed can be
guessed so we can substitute different valueasthere-
sistance speedislarger thangny's, and theresults can
beseenin TABLE 2

TABLE 2: Index statisticslist without resistance speed

v(nys) H(m) a(o)
18 60.7

8.0 1.95 61.8
21 62.4

18 66.6

8.5 1.95 67.0
21 67.4

18 70.3

9.0 1.95 70.5
21 70.7

We can seefrom the abovetablet, compared with
non-resistance, the shooting anglewill beinfluenced
more asthe speed increases when with resistance.

Ball and basket not asthe particles

Astheradianisvery low when shooting, sotheball
iscongdered to beflyingintothebasketinstraight line.
And then we can get the limit of the angleincidence
o >33.1°according to the relationship of trigonomet-
ric. But actually thebal doesnot fal into thebasket in
sraight line, and the parabolaisconvex inavery short
track, so the result will not be affected. We can see
TABLE 3when ¢ <331°

After cdculating, wecanfindthat al o isunquali-
fied; the parabolaistoolow and level.

Analysis on the maximum deviation of shooting
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angleand speed
Cd culatethe maximum deviation of shootingangle
Aa ,~ by usingformula(11) and theabove « , and

cal culatethat of shooting speed Ay 0 by usingfor-
mula(12) and (13). Then list theresult of h=1.8(m),
h = 2.0(m) intothefollowing TABLE 4.

Generdly speaking, thealowabledeviationisd-

TABLE 3: Index statisticslist while ¢z 433.1°)

v(nys) H(m) a(o)
18 62.41

8.0 1.95 63.43
21 64.27

1.8 67.70

8.5 195 68.19
21 68.62

18 71.07

9.0 195 71.37
21 71.66

TABLE 4: Complexlist for deviation

Hm @C) v(Ws) Aa AV Aa—"‘ S
62.4097 8.0 -0.7563 0.0526 1.2260 0.6596
1.8 67.6973 8.5 -0.5607 0.0691 0.8274 0.8163
71.0693 9.0 -0.4576 0.0803 0.6432 0.8916
63.7286 8.0 -0.7102. 0.0605 0.0043 0.7513
2.0 68.3365 8.5 -0.5407 0.0732 0.7918 0.8623
71.4706 9.0 -0.4461 0.0836 0.6241 0.9250

most very low. Onanalysis, wecan seethat asthe speed
increases, thedlowabledeviation of anglereduceswhile
that of speedincreases. And it’s stricter with the angle
than speed. When the shooting speed isfixed, thefaster
the speed is, thelower the shooting anglealows, and
the higher the deviation of shooting speed goes. Little
requirement would be madefor the shooting angleand
speed at thisvery moment.

CONCLUSION

Theessay first establishes the mathematics model
from shooting thebasketbal | toitsfalinginto thebas-

ket, making arelational expression of the speed and
angle. Focus on the study of the ball and basket by
using mathemati cslanguage which meansthefigures,
tablets and expression symbolsto expresstheissue
shooting, and then scientifically and concretely andyze
theinfluenceof thetwo conditionsthat affect shooting
field during the process of shooting towards shooting
field. The essay a so analyzestwo aspectsthat influ-
encetheshootingfield: whether air res stanceexistsand
whether the ball and basket are considered asthe par-
ticles. Theconclusion has provided scientific basisfor
thebasketball players’ reasonable training, which also
supportsother researchers’ further study on shooting.
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