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ABSTRACT

Through the research on the athletes’ skills play and physical agility
consumption in Sydney Olympics and the 49th World Table Tennis
Championships, this paper studies the impact of changes in the size of
table tennis on the athletes, obtains that the bigger table tennis will lower
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the athletes’ competition quality, establishes the indicator system of the
audience to appreciate the competition quality, and analyzes the changes
inthe audienceto appreciate the game. Onthisbads, it usesthe optimization
theory, builds relationship between the intensity degree of audience’s
applause and the plate number and the rel ati onshi p between the competition
time and athletes’ satisfaction degree, and puts forward reasonable

proposals for the table tennis players.
INDIA

INTRODUCTION

In 2000, the International Table TennisITTFin-
creased theofficid bal’sdiameter from 38mmto40mm
intheinternational professiond events. Thisincreases
theair resistanceof theball intheair, dowsthemoving
speed of theball inthegame, so asto achievethe pur-
poseof further increasing and enrichingthe hitting tech-
nol ogies and techniquesof professiond tennisplayers,
and ultimately increasestheoverdl ornamenta degree
of tabletennistournament. However, Sincetabletennis
“bigball era” comes, controversy about the diameter
of theball has not stopped.

Thelarger diameter of thetabletennisdirectly af-
fectsthe changes of quality, speed and rotation speed
of thetabletennis. These changes of thetabletennis
naturewould affect theskillsplay of athletesinthecom-
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petition and athletes’ physica endurance. Duringtherace
theathletes’ scoringratewill directly reflect theskill play
of athletes, and the body’senergy consumption will re-
flect the athletes’ physical endurance. Therefore, this
paper surveyssomerelated data, and takesthe scoring
rate and the energy consume of the athletes’ body as
someimportant indicatorsof theathletes’ experience
qudity, and obtainsthe changesof athletes’ experience
qudity after comparing. Becausethelength of tableten-
nis’ diameter hasrel ationship with the competition ex-
perience quality of athletesand the ornamental degree
of spectators, it needsto find the best length of atable
tennis’ diameter and maketheexperiencequdity of ath-
letesand viewing qudity of spectatorsreach abaance,
thus the athl ete can make the technol ogy and power
into full play for every game, the audience can been-
grossed into thegameand seefun.
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Because the longer the competition timeis, the
greater the burden of the athletes’ body is, this paper
establishes ard ationship between the gametimeand
theplayers’ experiencequality. Gametimeand the au-
dience ornament have acertain relationship, you can
find the best timeto improve the spectator’s ornamen-
tal degreeand the competition experiencequdity of the
athlete. Firgt, through the data processing we can find
the optimad relationshi p between thegametimeand the
athletes’ experiencequdity, and theaudience’ ornamen-
tal degree, and then find the best length of the table
tennis’ diameter by integrating thevaluesof thetwo in-
dexes.

ANALYS SONTHE EXPERIENCE QUALITY
AND ORNAMENTAL DEGREE OF THE
COMPETITION

After thesmall ball changesintolarger bal, bal’s
gpeed and rotation speed will besmdler fromthemacro
analysis, it has higher demandson athletes’ strength;
and thesewill affect the skillsplay of athletesin the
gameand athletes’ physica endurance ability. Thisar-
ticletakesthesefactors as someimportant indicators
of theathletes’ experience quality, conduct data pro-
cessing toreflect the changesin the experience quality
for athletes. For the audience, after the small ball
changesinto the ball, the number of roundsincreases,
thegameismoreintense, theaspect in thecompetition
increases, whichwill undoubtedly raise ornamentd de-
gree.

Based ontheanaysisof changesinthediameter of
thetabletennis, this paper obtainsthechangesof vari-
ousindicatorsinthe‘“bigball era” table tennisgame,
arrives at the changes of athletes’ experience quality
and spectators’ ornamenta vaue.

Theproperty analysisof largeballs
Changesin quality after thereform

It isknown that the spherical shell’sthickness of
theoriginal 38 mm(2R,) tabletennisis0.39 mm, the
external radius is19mm(R,), the inner radius
is18.61mm(R,) , andthemassof theball is2.5g(m, ) .
Themateria volumeof thesphereisV, , thecalculation

formulais

v, = %,,Rf —guR ,3 =1.7323(cm?)

Supposethematerid density of thebdl isp :

my . 3
=M 20 g a432(/em
P=V, T17323 (g/em?)

It is known that the diameter of the large ball
iS40 mm , theouter radiusis20 mm(r,) , theinner ra-

diusis19.61mm(r,) , and thematerial volumev, and

themass m, of thelargeball arerespectively:
Vv, =gm’13 —%urz3 =1.8443(cm?)

m, =V,p=2.6617(Q)

Themassdifference of thetwoballsisam:
Am=m, —-m; =0.1617(g)

It can be obtained that the quality has in-
creased 6.47% -

Changes of the rotational speed after the small
ball changesintolarger ball

If an athletehitsthetwo ballswith the same manner
and sameforce, dueto that themoment of inertiaof the
largebd| andthesmall ball isdifferent, and therotation
speed of theball will besignificantly changed.

Throughreferringtoinformation™™, thespheremay
be seen ascomposed of many small rings, asshownin
Figurel.

Select asmall circular ringto consider, thequality
of thesmdl ringis:

Figurel: lllustrativeFigure
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dm = pdS = p x 2r(Rsin6) x RdO
Therotational inertiaof themasselement:
dJ =(Rsin®)%dm = 2rpR* sin® 0de
Therotationa inertiaof theentirespherical shell:

J=J’da=jzupR4sin3ede
0
=2npR" | sin~0d0
0

= 2npR*(cos30/3- 30059)/4{1(;

=EmR2
3

Therotationa inertiaof thetwo kindsof ballsis
cdculated as:

Iy =§mlr12 =6.017(g-cm?)

I, =§m2r22 =7.098(g-cm?)

Accordingtothespeed50 /s of thesmal ball and
the moment of momentum theorem, the rotational
speed w, of thebig ball can be calculated:

Because: 1,0, =1,,

I 0,
Then; @2 = |

=42.39(r/s)
2

Angular velocity differenceof thetwo balsis:
Ao =0, -®, =7.61(r/)

By cd culation, when hitting thetwo balsof differ-
ent sizesin the same way, therotational speed of the
largeball reducesabout 7.61(r/s) compared tothero-
tational speed of thesmall ball (reductionrateisap-
proximately15.22% ).

Changesof flying speed after changingthe small
ball intolarger ball

Objectswill suffer the effect of resistancewhen
moving in medium (such aswater, air and other), the
directionisinthe oppositedirection of its speed, the
szeof medium resi stance determinestheflight speed of
thetabletennis, mediaair’stemperature, density, vis-
cosity, etc., it can be represented by thefollowing for-

mulaf = cpSp(Vv).

BioTechnology —

Here, theparameter p isthedensity of themedium

ar, p(v) isafunction of theobject’sspeedv, theform
isuncertain. Further, although theresistanceisre ated
to the object’ssize and shape, consideringthesizeand
shape, the object only can be seen asarigid body, and
thenthesituation will bemorecomplex, heretheobject
isseen asaparticle, whichisthe scope of particleme-
chanics. In specific discusson, becausethetabletennis
isindoor sport, assuming theair isgtill, tabletennisdoes
not changesize and shape during flight, socpS =k,
and ¢(v) isrelatively complex, ¢(v) isonly speed-re-
lated function ¢ (V) increaseswith theincreaseof v, the
related expressonisshownin TABLE 1 below.

TABLE 1: Therelational tablesbetween (V) and v

Speed m/s 0-10 10-311 Above31l
Expression of (V) kv ko K v"

After query the corresponding expression to the
tabletennis’ speedis:
o(v) =kov?

In summary the air resistance of thetabletennis
aufferedintheflightis:
f=kk,v?

When thetwo ballsmovewith the same speed v,
theratio of theair resistanceis:

i
fo cpS,V,° °S,

Asthetabletennisreceivesonly air resistancein
themovement direction during theflight, by caculating
it can be obtained that by theair resstance of thelarge
ball increasesfor about 9,759 than that of the small
bal, namely the horizonta flight speed decreases about
0.75% after thesmall ball changesintolarger ball, as
showninTABLE 2.

By theanalysisof thedatain TABLE 2, after the

TABLE 2: Corresponding changesin each index after chang-
ingthesmall ball intolarger ball

S\, S 2
PoaTo 21T 1_09025

nr,

Factor Quality Rotation speed Horizontal velocity

Percentage of change  6.47% —15.22% -9.75%
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small ballschangeinto larger ball, the massincreases,
the rotation speed reduces, the horizontal speed re-
duces, thusit makesthe speed, and rotation and strength
inthewinning factor of thetabletennisundergo aqudi-
tative change. Dueto thelimitation of the speed and
rotation, someathletes’ technologieswill soreceive
someimpact.

The Chinesedd egation consultant Zhang Xidlin be-
lievesthat whenthe ball dowsdown, skill-based ath-
leteswill eat somelosses. For playersthat are good at
leveraging ball whenusingthesmall ball, suchasKong
Linghui’sbackhand and Liu Guoliang’sblock;, itisnot
essytoleveragingafter changingintothebigball, it needs
activeforceto play back high-quaity ball. Theweak-
ened rotation of theball will haveanegativeimpact on
athletesthat have good serve and many changes, these

adverseeffectswill directly influencetheathletes’ play
duringthegame, affect competition results, andlead to
adeclineintheexperiencequdlity of athletes.

Therefore, thisarticle studiesthe scoring rate of al
stagesinthe“bigbal era” beforeand after thereform,
further illustratesthe changesin the experience qudity
for theathleteswith thedata.

Comparison on thescoringratebeforeand after
the“Bigball era” reform

Thescoringrate statistics of each plate

Firgt, thispaper conductsstatistical dataonthescore
inthefind stage of the Sydney Olympic Gamesandthe
49thWorld Table Tennis Championships, combineswith
thedatd? to obtain the scoring rate of thevarious stages,
and conducts comparison asshownin TABLE 3.

TABLE 3: Thedatigtical tableof thescoringrateat thevariousstagesin finalsof Sydney Olympic Gamesand the49th World

Table TennisChampionships

Serve and attack

Service point aver age

scoring rate

Receive and serve Receive, serve and

scoring rate attack scoringrate

Sydney Olympic Games 14.7%
The 49th World Table

Tennis Championships

8.2%

20.7%

24.8%

10.9% 6.5%

3.3% 8.3%

5-6 plates scoring rate
of the stalemate ball

7-8 platesscoringrate  9-15 plates scoring rate 15 plates scoring rate of
of the stalemate ball

of the stalemate ball the stalemate ball

Sydney Olympic Games 34.3%
the 49th World Table Tennis

Championships

41.7%

6.0%

8.3%

6.5% 0.5%

8.3% 1L7%

L B

R

=

Figure2: Comparison chart onthescoring rateof variousstagesin thefinalsof Sydney Olympic Gamesand the49th World

Table TennisChampionships
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Fromtheabove TABLE 3, histogram 2 isobtained
that isrelatively easy and intuitiveto observe.

Ascan be observed from the histogram, after the
smdl ball changesintothelarger ball, thescoring rates
of therest stageraiseinthetwo eventsin addition that
service scoringratedrops. For tabletennisplayers, the
scoring probability of oneplate decreases, the scoring
probability of the stalemate stage increases, soit re-
ducesthe chance of oneplate scoringrate, affectsthe
players’ technology play, increasesthe chalengefor the
players, theplayersmust greetly improvethar ownskills
to adapt tothe gameinthe“bigball era’. Therefore,
the“bigball era” iscurrently amore difficult process
for athletes; visibly changes of the scoring ratein the
various stages may a so provethereducing of the ex-
periencequality for theathletes.

Changesin theexperience quality of athletes af-
ter the“bigball” era

Thesmdl bdl changingintolarger ball directly leeds
to anincrease of thetabletennis’ weight, and the ath-
|etes haveto pay more power for every swing. Mean-
while, thesmall bal changingintolarger tennisball will
sgnificantly reduce therotation and speed of thetable
tennis. Thus, wespeculatethat it would effectively dow
the progression of the game, result in an increase of

gametime, and make the athl ete bear more pressure
on the body. Here, we use video analysis method and
theoretical analysiS® tojudgethe competitiontime, and
draw the concretetheoretical results.

Thispaper editsthevideosfor the49thWorld Table
Tennis Championships (therace usesthebigbal) and
the 2000 Sydney Olympic Gamestabletennistourna-
ment (the race usesthe small ball), selectsthemen’s
snglefindsasthestudy object, conductsaigticd andy-
ssonthetimeof eachinning and obtainsthe TABLE 4
below.

Since September 1, 2001 the ITTF implemented
“11-point” system and abolished theorigind ““21-point”
system. The2000 Sydney Olympic Gamestabletennis
competition conducted in accordance with the “11-
point” system, and the49th World Table Tennis Cham-
pionshipsimplemented the*“21-point” system under the
new reforms. To facilitate compari son and ca culatethe
scoring timeof thetwo tournaments, herewe useartifi-
cidly unified point-system for thesetwo events, set as
“11 points” system, the processisasfollows:

Theaveragetimeof the 21 pointssystem in 2000
Sydney Olympic Games table tennis tournament

10+12+10+9+11
is 5 =10.4min.

TABLE 4: Theduration statisticstableof every inning

Rk
The The
First ) Thefourth  Thefifth The sixth Thes
HE _ second third _ _ _ _
Inning o o Inning Inning Inning Inning
) inning inning ) ) ) )
(min) ) ] (min) (min) (min) (min)
(min) (min)
The 49" world Table Tennis
10 8 7 7 6 7 5
hampionships
Sydney Olympic Games 10 12 10 9 11 e —

TABLES5: Thecomparison gatigtical tableof theplatenumber
and theintensity degr ee of theapplausein each round

Round plate number Intensity degree of the applause

1-2 plates 75
3-4 plates 80
5-6 plates 95
7-8 plates 85
9-15 plates 85
More than 15 plates 80

BioTechnology o

The average time of the 11 points system in the
49th World Table Tennis Championships

 10+8+7+7+6+7+5

is - = 7.14min,
Then, theaveragetimeof the 11 pointssystemin
2000 Sydney Olympic table tennis
21

is10.4+ 2= = 5.45pj
isl 11 min.

Hn Tudian Jounual
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Itisgpparent that thetimeto scoreinthe49thWorld
Table TennisChampionshipsisgreater than that of the
2000 Sydney Olympic Gamestabletennistournament.
Through literaturemethod, welearnthat inaninning of
tabletennis competition, the average energy consump-
tion for athletesis 18.2 kcal, and the average game
timeis5 minutes¥. Thiscan beroughly inferred that
before usngthe““big ball”, theenergy consumption for
athletestokick ainningisprobably 24.8 kca ; and after
usingthe*“bigba | theenergy consumption for athletes
tokick ainningisprobably 32.5 kcal.

After the analysis of the obtained data, from the
physica exertion and endurance ability of athletes, the
burden ontheathlete’sbody aggravatesafter usngthe
“bigball”. Theincreasing of therolein aspect of the
physica agility increasesthe physica exertion of play-
ersinagame, lengthstherecovery time, reducesthe
experiencequality of athletes.

Impact of the “big ball era” on the ornamental
degree of spectators

From TABLE 3, we comparethe scoring rate of
each phaseinthe Sydney Olympicsand the4SthWorld
Table Tennis Championshipsfind, and conduct Satisti-
cal calculationson the average plate number for each
pointinthetwo events.

Theaverage plate number of each point in Sydney

100

95

Olympic Games

1x14.7% + 2x 20.7% + 3x 10.9% + 4 x 6.5%
+ 5% 34.3% + 7.5% 6.0% +12x 6.5% + 15% 0.5%

=37

Theaverage plaenumber of each pointinthefinals
of the49thWorld Table Tennis Championships:
1x8.2% + 2x 24.8% + 3x 3.3% + 4x 8.3%
+5x4L7% + 7.5x 8.3% + 12x 8.3% + 15x 1.7%
=5.0

Dataresults show that, the average plate number
of onepoint after the“bigball era’ increases, thatisthe
round number of athlete to win apoint increases, it
avoidsthe phenomenon that the round number of ath-
letesin“small ball era”’ issmall, sometimestheball flies
aslightning, theaudiencehasnot yet seedearly, but the
outcome has been decided. Theincrease of round en-
hancestheinterest of tabletennisenthusiasts, plusthe
skill upgrading of theathletesthat thegamerequires, so
competitionwill befiercer and moreexciting than ever
before.

Inaddition, if the number of platesper roundistoo
smal, theaudience cannot seethefun, too many plates
will producevisua fatigue situations, you canfind the
best plate number of each round for the audienceto
show ahigher ornamenta degree. Therefore, welook
through thevideo and givethe datistics of therelation-
ship betweentheintensity degree of audience applause

v = 0.0228%% - 0.784x% + 7.4974x + 67. 58-[' _

60 I I 1 1 I I I
1 2 3 4 2 6 7

8 6 1 12 13 14 15 16

Figure3: Thereationship diagram between the platenumber and theintensity degr eeof theapplausein each round
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and the platenumber of eachround, asshownin TABLE
5.

Fromtheabove TABLE 5, when the plate number
in each round reaches 5-6, the intensity degree of the
audience’s applausewill bevery high; whenthe plate
number is7-15, theintensity degreeis second; when
the plate number is 3-4, theintensity degree of the ap-
plauseismoderate. The average plate number of each
point in Sydney Olympicsis 3.7 plates; Theaverage
plate number of each point in the 49th World Table
Tennis ChampionshipsFina sis5 plates; by compar-
ing, theintensity degree of theaudience’sapplausein
“bigball era’ ishigher thanthat inthe*“small ball era’.
Therefore, the*“bigbal era” enhancestheviewingqudity
of audience.

Inaddition, the“big ball era” brought new hopeto
athleteswith better physicd agility, particularly athletes
inEurope. Inthe*“big ball era”’, when European players
compete against Asian players, number of roundsis
morethanthat inthepast, thescoreisrelatively close.
Thisindicatesthat, on thebal ance of the Eurasian con-
frontation, the big bal will give Europealittleheavier
weight inthefuture. Europe players havethe opportu-
nity to challengethe previoustabletennischampion, it
asoincreasestherichnessof theevent, andit will fur-
ther motivate athletesto improve skillsand makethe

gamehavemoreviewing vaue, sosummarizefromall
aspects, you can obtain thetheoretica results, the“big
ball era” improvethe ornamental quality of the audi-
enceto acertain extent.

RESEARCH ON THE BEST LENGTH OF
TABLETENNIS

Afterthesmadl ball changesinto big ball, theexpe-
rience quality of athletes has decreased, but the
audience’sornamenta qudity hasimproved. If you can
find the best length of thetabletennis’ diameter, it will
makethe athletes’ experience quality and audience’s
ornamental quality reach abalance point, so that the
athletescanfull play their technol ogy and power every
game; theaudience can fling themselvesinto thegame
and enjoy themsdlvesto thefull. Through mathematica
statisticsand theoretical analysis, this paper conducts
research onthebest length of thetabletennis’ diameter.

Resear ch on ornamental quality

Figure 3 can beobtained fromthegatistical datain
TABLES.

Through the Figure 3fitted by excel, therelation-
ship between the intensity degree of the applause

y, (whichison behaf of ornamental degree) and the

TABLE 6: Thestatisticstableof thebest tabletimefor every inning through the questionnairesurvey on thetabletennis

players

the competition time of each inning (minutes)

3 4 5 6 7 8 9 10

Satisfaction degree of players

1% 5% 4% 28% 40% 20% 3% 1%

0. 45

0.4

0. 35

0.3

0.25

0.2

0.1

0.05

0 - / — . |

-0.05

3/ 1 5, 6

\ = 0.0035x° - 0.0703x° + 0.3824x - 0. 3664

-0.1

Figure4: Thedatistic chart of player’ssatisfaction degree on thetime of each inning

BioTechnology — amm—
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TABLE 7: Comparison tablebetween theintensity degreeof theapplauseand athlete’ssatisfaction degreebeforeand after the

“Bigball era”
The average plate Intensity degree Theaveragetime Satisfaction
number of singleround of theapplause  of singleinning  degree of athletes
Sydney Olympics 37 85.75 5.45 18.4%
The 29" world championship 4.97 88.32 7.14 24.6%

TABLE 8: Themaximumvaluesof y, , Y,

Satisfaction degree of the field audience

Satisfaction degree of the player

Interval of independent variable X 5 plates

Maximum value of y

88.61

5.5 plates 6.5min 7min

0.25

platenumber x, is:

y; = 0.0228x,° - 0.784x,% + 7.4974x, + 67.584
Resear ch on quality of experience

Thetimeof eachinning directly impactsathlete’s
physical exertion, so athletes’ satisfaction degreeonthe
expenseineach gamereflectstheexperiencequality of
athletes, namely thebest timeof eachinning that tennis
playersrecognize can be regarded astheindicators of
an athlete’sexperience quality.

Through questionnaire surveys® thebest timefor
eachinning that thetabletennisplayersrecognizearein
TABLESG.

Ascanbeseenintheabove TABLE 6, the support
rateof 6 ~ 8min for each gameaccountsfor 88%, the
support rate of 3 ~ 5min 1s10%, the support rate of
9 ~ 10 min is4%, it can be seen that the competition
time of each game that most athletes want to use
iIS6 ~ 8min , you do not want thetimeistoo short and
itisnot funto play, you do not want thetimeistoolong
andresultininsufficient strength.

Figure4 can beobtained from TABLEG.

ThroughtheFigure4 fitted by Excel, therelation-

ship between the athlete’s satisfaction degree y, and
thetime x, of eachinning can beobtained:

y, = 0.0035x,° — 0.0703x ,* + 0.3824x , — 0.3664
Substitutethe average plate number of each round
and the time (minutes) of each inning in the Sydney
Olympicsand the 29th World tabl e tennis Champion-
ship into the above two equations, and obtain the
applause’sintensity degree and athletes’ satisfaction
degree of thetwo events, the compared summary isin

theTABLE below 7.

Therelationship between tabletennis’ diameter
and the experience quality and the ornamental
degree

The changes of applause’sintensity degreesand
athletes’ satisfaction degree areknown, and thesetwo
values arerespectively theexperience quality and or-
namenta degreeindicators. By establishing therela-
tionship between thetabletennis’ diameter and thefina
twoitems, wecanfind therelationshipthetabletennis’
diameter and theexperience qudity and the ornamenta
degrees.

Assumingtabletennis’ diameter (p ) meetinthe
following relationship between theintensity degree of

the applause(y,) and satisfaction degree of the ath-
letes(y,):
D=a-y,;+b-y,.
Fromthreedatain TABLE 7, we have:
{38= 88.32-a+0.184-b
40=85.75-a+ 0.256-b
Get: a=042,b=1297
Andsubstituteitintoequation D=a-y, +b-y,

Thusarriveat therelationship expression between
thegzeof tabletennisand theplayers’ experiencequdity
and spectators’ ornamental degree:

D=0.42-y, +0.256-y,

The range of plate number x, and thetimex, of
each inning isgiven, and their relationship with the
applause’sintensedegree y, andtheathletes’ satisfac-

tiondegreey, isknown, by usingtheoptimizationtheory

s LBioTechnology
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weobtainthecorresponding valueinterval x of x, and
whenthe y, and y, takethemaximum vaue:

y, = 0.0228x,° — 0.784x,” + 7.4974x, + 67.584

X 21
st..

max

X <16

max y, = 0.0035x,° — 0.0703x,” + 0.3824x, — 0.3664

X, >3
st 1y, <10

And solvethemaximumvauesof y, and y, within
theinterval of x andx,, asshownin TABLE 8 below:
When the y,andy, takethe best value, we substi-

tute the corresponding xand x,, into the above for-
mulaand can conclude: When thediameter of thetable
tennisis39.37mm ~ 40.23mm , which makesthe ath-

letes’ experiencequality the best and theaudience’ or-
namental degreehigher.

CONCLUSIONS

Themodel established in thispaper issmpleand
easy. Thispaper accurately anayzestheimpact of bal
diameter’s changes on the experience quality of ath-
letesand theornamentd qudlity of theaudience, by the
ideaof optimization, first getsthe best plate number
and thebest time of eachinning, finaly obtainsthe best
diameter of thetabletennis. Inthemoded, athletesjust
doapreliminary explorationin problemsof skillsplay.
Infuturestudies, changesintabletennis’ diameter can
influencedifferent skills, thusit canreflect the changes
of athletes’ experiencequdity indetail. With theincrease
of thetabletennis’ diameter, requirementsof the play-
ers’ physical fithessand skill haveasoincreased. So
weshould strengthen thetraining of offensiveskills, en-
hancetheability to raly, and improvetheability to at-
tack and pull, increasethe proportion of physical train-
ingtoimprovethephysicd agility and skillsof athletes.
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