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ABSTRACT

Billiards is a kind of international widely popular elegant indoors sports
event, isakind of using cue to stroke on the table, relying on calculation
ace to define competition result indoorsrecreational sportsevent. Billiards
not only can be regarded as competition event, but also it can also be
regarded as rigid body in mechanical researches, billiards as arigid body
exercisetypical example, cueball and object ball collision process conform
to rigid body exercise basic rules. Billiards collision process conformsto
rigid body collision perfect elastic collision process. In case that normally
strokescueball, cueball not collideswith billiardstablesideafter it colliding
with object ball, applies theoretical mechanical knowledge and physics
collision rules, it can make anticipation on cue ball sportstrajectory. This
paper, after analyzing cuebal force status after colliding, it makesquaitative
and quantitative analysis of cue ball sports trgjectory. Results show mass
center speed gets larger, rotational angular speed gets smaller, and then
cueball trajectory will get closer to cue ball and object ball common tangent.
© 2014 Trade ScienceInc. - INDIA

INTRODUCTION

Billiardsasakind of indoorsle suresportsevent, it
has already 500 to 600 years history until now, and
well-received by people. Now, billiardshasdready de-
velopedintodiversities, it hasChineseeight-bal, Rus-
sian pocket, British pocket, carom pool, American
pocket and snooker, from which snooker ismost popu-
lar, which has already become akind of competition
item. Chinabilliardsteam hasranked intheAsianlead-
inglevel, and achieved championinAsian Games. Well
known playersare Ding Jun-Hui, Pan Xiao-Ting and
soon.

Billiardsincludeslotsof physica knowledgeand
mathematica knowledge. In stroking process, stroking
cuebal cueplaying and strength have greater influence
on movement trgjectory after cueball colliding with
object ball. After stroking, cue ball movement trgjec-
tory and stop position directly affect next stroking. In
order to make cue bal| better position and beneficid to
next stroking, correct use cueball stroking strength and
cueplaying aregetting rel ativeimportant. Therefore, it
should makemoredetailed, precisetheoretica andysis
of movement trgjectory after cuebal colliding with ob-
ject ball. This paper will based on previousresearch,
assumethat before cueball colliding with object ball
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movement stateisknown, and cue bal and object ball
make perfect dadtic collision, put emphasisandysison
movement rulesafter cueball collidingwith object ball,
beforeit touching tableedge.

When playing billiards, it not only needstojudge
object ball movement direction after cueball colliding
with object ball and let it enter into net, but also should
judge cueball movement direction so asto hel pful for
next stroking, especialy it should prevent cueball en-
tering into net hole caused stroking foul after collision.
Therefore, cueball position isvery important; some-
timesonesimplecueball positionwill decideaframe
result. A good billiards player not only should havegood
stroking technique, meanwhile but also should have
correct judge cue bal movement trgectory ability; only
make accurate anticipation on cuebal movement tra-
jectory; it can analyze him how to strokein next step.
For the subject research, it mainly analyzes movement
trgjectory after cueball collidingwith object ball. Re-
gardbilliardsasrigid body movement, billiardsmove-
ment trgj ectory after colliding isnot easier to master,
which needsusto analyzebilliards movement trgjec-
tory accordingto physicscollisonrules, theoreticd me-
chanics, rigid body knowledge and other knowledge.

BILLIARDSCOLLISIONBASIC THEORIES

Given both cue ball and object ball massarem,
instantaneous speed before cue ball colliding with ob-
jectbal is v, whencuebal collidingwith object ball,

cueba | instantaneous speed changesintov; , object ball

instantaneous speed changesinto v, , and it happens

perfect eadtic collison, and thenit hasmomentumrela
tion(1):

m-v=m-v,+m-v, ()
Energy relation:
1m-\72:1m-\712+1m-\722 @
2 2 2
Smultaneousformula(1) and formula(2), it can get:
U2+, + 2V, -V, =V, + V) &)
Thereupon:
2v,-v,=0 4
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Formula(4) isvector formula, fromwhich v, and
Vv, numericd relationthatis:

|%|-[v,|cos@ =0 ©)
Thereupon, we can know:

(1) Whenitoccurscentrd collison (asFigurel), cue
ball and object ball included angleinplane g = ¢,

thereforeformula(5) changesinto |v,|-|v,| = 0

Fromphysicd collisonrule, itisclear that cueball
cannot go beyond object bal after collison, thereforeit
can get:
v,=0

Input into formula(1), it can get:

V,=V

-—
Figl;r-e—l: Central collision
(2) Whenit happensnon centra collision (asFigure

2), intheplane, cueball and object ball after colli-
sion, thereisno zero angleincluded angleg , from
physical collisionrules, itisknown after cueball
collidingwith object ball, respective speed cannot
changeinto 0, according to formula(5) it can know
that cos@ = 0, soincludedangle g = 9.

Figure2: Non central collision
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That cueball and object ball after collision, their
movement directionsaremutud vertica. Becausethat
cueball and object bdl in collision process, they follow
momentum conservation law, it established coordinate
systemasFigure3, thenit hashorizontd:

m-V =m-V,Sina + M-V, CoSa (6)
Verticd:
0=m-v,cosa —m-V,Sina @)

Make simultaneousformula(6) and formula(7), it
gas
V,=vsina, V, =VCcosa

Anayzefromabovedatus, it canmakeprdiminary
judgment on cue ball movement trgjectory.

MOVEMENT TRAJECTORY MODEL ES-
TABLISHMENT AND SOLUTION

Whenresearchingonbilliards, it canregard billiards
as smooth sphererigid body. Therefore, cueball and
object ball collision can beregarded as perfect elastic
collision; cue ball and object ball can beregarded as
equal massspheres. If not considering energy loss, af-
ter collisoncuebdl will transfer norma momentumto
object ball, cueball tangential direction momentum
doesn’t change. Therefore, after colliding with object
bal, cueball two bals’ tangential direction momentum
and rotation will decide cuebal movement trgjectory.

In case not considering ball blocking and cueball
not collidingwithtableedge, it will not analyzeleft and
right rotationinfluences on cueball movement. There-
foreit only considers cueball top spinand back spin
statusafter cuebal colliding with object bal here.

Establish coordinate system as Figure 3 show, V,
iscueball mass center speed, it regardsalong x axis
positivedirection aspositive; ), iscuebdl surrounding
it mass center rotational speed, it regards clockwiseas
positive;, f ishilliardstableto cueball didingfriction
force, ittakesalong x axispositivedirection asposi-
tive. Givenbilliardsradiustobe r ,masstobe m .table
and cuebdll didingfriction coefficient tobe . gravity
accelerated speed to be g .From theoretical mechani-
ca knowledge, we can know that when cue ball mak-

ing rotations, sphereplanelinear peedis r - ,, when

cueball sphereplanelinear speed valueisabove cue

ball mass center sportsspeed vauethat r -, > v, , cue
ball and billiardstable contact point movement direc-
tionis x axisnegativedirection, at thistime, billiards
table provided cueball friction forceispositive, there-
foreitcanknow f = umg ; when cueball sphereplane
linear speed valueand cue ball mass center speed val-

ues are equal thatr - w,=V, , cue ball is making pure

rolling. At thistime, cuebal and billiardstable contact
pointisrelative static, billiardstableprovided cue bal
frictionforceisO; when cue ball sphere planelinear
speed valueissmall than cue ball mass center speed
valuethat r - @, <V, , cueball and billiardstable con-
tact point movement directionis x axispositivedirec-
tion, at thistime, billiardstable provided cueball fric-
tionforceisnegetive, thereforeitcanknow f = —umg.
Inthefollowing, for abovethree cases, it will respec-
tively make ol ution of kinematic equation on cueball
movement.

Yl

o JF X

Figure3: Cueball roll coordinate

Whenr -, > v, , billiardstableto cuebal diding
frictionforceis f = umg , cuebal kinematic equation:

f-t=m(v-\v,) (8
—-frt=3(0-w,) ©)
f =pumg (10)

Amongthem, v iscueball masscenter instanta-
neous speed, @ iscueball surrounding mass center

instantaneousrotational angular speed, J =2m-r?is

s LBioTechnology
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ball to mass center passing horizontal axisrotational
inertia

From theoretical mechanics, itisknownwhenit
happens cue ball mass center instantaneous speed and
cue ball sphere planelinear speed are the same that
v=w-r ,cueball startsto make purerolling. At this
timecueball and billiardstablehaveno relativemove-
ment tendency, thereupon, diding friction force disap-
pearsthat f =0, cueball will static after rolling some
distance under resistance (air resistance, cueball and
billiardstableralling friction res stance) effects.

From formula(8), formula(9), formula(10) and
v=w-r ,itcansolvedidingfrictionforceactingtime
thet:

_ 2 (roy-v%)
=%V (12)

Input formula(11) into formula(8), it can get cue
bal purerolling mass center speed that:

1_ 5 2
VvV —7V0+7r‘600

(12)

Whent <t , fromformula(8) and formula(10), it
can get:
V=V, + ugt (13
According to aboveformulasanalysisresult, it de-
ductscueball displacement:

t 1
Iovdt =V, +§,ugt2

- i 2
J.;lvdt+J-:v'dt=— 2 | oo, 2Arey) {5 2 }

oV, +=rw,
49ug  49ug  49ug |7 ° 7

(if: t<t) (if: t>t) (14)
From formula (14), it can deduce that cue ball
movement distance decreaseswith diding friction co-

efficient 1 increasing, itincreaseswithinitia speedv,
incressing.
Whenr - w,=V,, billiardstableto cueball diding

frictionforce f = 0. Cuebdl will gradudly static under

res stance (air résistance, rolling friction resistance etc.)
effects, at thistime, cue ba | displacementiis:

S, :j;vdt =Vt
Whenr - @, <V, , billiardstableto cueball diding
frictionforceis f =—umg, cueball kinematic equa-
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(15)

tion, from formula(8)Oformula(9)0 f = —umg and
v=ow-r ,itcansolvedidingfrictionforceactingtime
that:

t.=2. (Vo—r-@y)

2 7 s (16)
Input formula(16) into formula(8), it can get cue
ball purerolling mass center speed that:

szgvo_%r'a)o 17)
When't <t , fromformula8)and f = —umg,itcan

ot

V=V, —ugt (18)

According to aboveformulaanalysisresult, it deduces

cueball displacementy

t 1
Iovdt =V, —Eygt2

S = 2 2
J'tzvdt+ftv2dt: 2 _ A, +2(rm°) +[9vo—gra)o}t
0 t 49u9 49ug 49u9g 7 7

(if: t<t,) (18)

After collision cueball movement trajectory

Cueball collideswith object ball at speed v and
angular speed  , directionandtwo balls’ center con-
nectionlineincluded angleisq . Takecuebd| center as
origin, it takestwo balscenter lineconnectionlineas y
axis; it establishes coordinate system as Figure show.
Givenafter object ball colliding, cuebal displacement
projectionsinxand y axisarerespectively s ands, .
According to vector compound theorem, before col-
lidingwith object ball, in x axisdirection, cuebal mass

center speedisv, = vsSina , surrounding mass center

rotational speedis o, = wsina (rotationa axisisy
axig); in y axisdirection, cueball masscenter speed

V, =VCOsa , surrounding mass center rotational

speed @, = @ oS« (rotationa axisisx axis). Inthe
following, it respectively makesanaysis of non-spin-
ning stroke, high cue (top spin) stroke and low cue
(back spin) stroketo makeanalyss.

Non-spinning strokecue bally in that case ¢ =0,
after cueball colliding with object ball, cueball kine-

matic speed: v, =vsina, v, =0, o, =0, =0.
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From o,=0, it can get r-m, <v,, input

vV, =V, =vsina, o, = e, =0 into formula(16)and
formula(18), it gets:

¢ 2 vsna
2—7' 19 (if: t<t,) (19)
vsinoz't—%/,zgt2
S = 2 cin2 s
2vesin a+gvsina-t( if: t>t) (20)
499 7
Solves,, v,=0and o,=0, obviously it
hasys, =0

To sum up, when cueball in non-spinning and col-
lideswith object ball withangle

o , receivedtrgectory equationsare (19) and (20).
From trgjectory equation, it can know cue ball moves
aongtwoballs’ common tangent direction at this time.

High cue (top spin)strokes cue bally in that
caep > 0, ater cuebal colliding with object ball, cue

ball iny axisdirection masscenter ingtantaneous speed
is zero that v,=0, movement state in

1r X
axiswill not change.

Solves, , becauser - w, andv, sizescannot define
at thistime, so it needs to discuss, cases have three
kinds.
(1) Whenr .o, <V, thar.msing < vsina,itampli-

fies intor-w<v.lnput v,=v,=vsna,
w, =0, =osSna into formula(16)and for-
mula(18), it solves:

¢ _2 (v-r-o)sina

275 ug (21
vs'na-t—%ygtz

&

REELT 4vr-a)sin2al2(r-w)zsin2a+(9 2 j

—V——r-w |[dna-t
49ug 49ug 49ug 77

———— FyLL PAPER
(if : t<t,) 22)

(2 Whenr-o,=v, that r.wsing =vsing ,itsm-
plifiesinto r - @ = v. Thecurrent atusispureroll-
ing, it caninput datainto formula(15)and get:

S =vsina-t (23)

B) Whenr -, >v, that r.wsing > vsing ,itsm-
plifies into r-o>v.Inputy,=v, =vsina,
w, =o, =wsSna into formula(1l)and(14), it
solvesy

2 (r-o-v)sina

t ==

173 1g (24)
vs'na-tJé,ugz

571 aPsrta Ar-osita Ar-w)-Sn°a (5 2 j

+ +| ZV+=r-o |[dna-t
29ug 2919 9ug 7 7

(if - t<t) (if: t>t) (25)

Solves,, from >0, Vv, =0 it can

knowr-w@, >V, , therefore inputy,=v, =0,

o, = o, = cosa intoformula(11) and formula(14)

t,_2 I-wCoSa
1 _77 (26)
1 .
—ugt
. 2#9
Yl 2(r-w)?-cosfa 2
- +—=r-wcosa -t
49u9 7
(if: t<t) (if: t<t) (27)

To sum up, when cueball top spinspeedis @ and
linear speedis v, andwhen collidingwith object bl at
angle o ,if r - w < v, itskinematic trgjectory equations
are(22) and (27); if r - @ = v, itskinematic trajectory
equationsare(23) and (27); If r - w > v, their kinematic
trg ectory equationsare (25) and (27). From the per-
spective of equations, when = 0 that cueball col-

lideswith object ball,ithas s, =0 and s, > 0. There-
fore, itformsinto cuebal forward following statusthat
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follow shot.

Low cue (back spin) stroking cueball: inthat case
w < 0, after cuebal collidingwith object ball, cueball
in y axisdirection masscenter instantaneousspeedis

zerotha v, = 0, sportsstatein x axiswill not change.
Solves,, known ¢ <0, v, >0, it can know
r-o,<v,, inputy, =v, =vsinea
w, =0, = wSna intoformula(16) andformula(18),
itgets
:g.(v—r-a))sina

t
© 7 g

(28)

Vsina-t—%ygtz
S

- Z\IZS'nZa_4vr-a)s'n2a+2(r-a))zs'nza [9

+ fv—gr ~a)jsina -t
499 499 499 7 7

(if - t<t) (if : t>t,) 29)

Solves,, know <0, V,=0, it can

knowr -, <V, input Vo=V, =0,

w, = o, = wcoSca intoformula(16) and formula(18),
itgets

¢ ,__g'r-cocosa
2 7 19 (30
. —%ugtz
T —2(r~a))2~cosza+gr.wcosa.t
49,9 7
(t<t) (t>t) (3)

Tosumup, when cuebal back spinrotationa speed
isw and collideswith object ball at angleq , itskine-
matic trgjectory equationsare(29)and(31). Thereupon,
itisclear when ¢ = Q that cuebal collideswith object
ball, itwill have s, =0 ands, <0, at thistimeit ap-
pearscuebdl retreat phenomenon that isbackspin ball.

CONCLUSIONS

Based on aboveresearch, it found that when cue
bal| collided with object ball, its mass center speed and

rotationa angular speed had greet influencesonitstra:
jectory, on awhole, the larger mass speed was, the
smaller rotational angular speed was, thecueball tra-
jectory would get closer to cue bl and object bal com-
mon tangent. Dueto research on the subject wasided,
for other forcessuch as(rolling frictionforce, air ress-
tance) and so on, it should take them into consider-
ation. In order to make more precise control cue ball
position, it suggested to research on kinematic equa-
tion after cueball and tableedgecallision.

This paper established program had mature theo-
retica basisand corresponding software supports, the
religbility washigh; Modd principlewassmpleand easy
to understand, solution wassimpleand feasible; model
considering and actud status connectionswererdative
close. But cd culation quantity wasbig, caculationtime
waslong, constraint conditionsweretoo strict; model
hypothesiswasrdativeided, which had larger ggpwith
actual status.
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