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Cue sports simulators allow us to analyze the

Computer simulations of physical

AL P

two adjacent parts mowdoser, the spring

systems are increasingly parts of our lives. pushes back with a forcdirectly propor-

The movie Titanic, video-arcade basket-

ball games, and automobile design all ben-

efit from this sort of virtual reality.

(Automobile manufacturers doing crash

testing of newdesigns use theostpower-

ful supercomputers available to run cars

into brick walls; it's cheaper in the CPU
than on thetest track.) Cuesports simula-
tors such as Virtual Pool an@€arom
Simulator are now accurate enougtat
techniques and strategieseful on a real
table can be learnegdom them.

This column describes eomputer pro-
gramthat simulates a stick shootingcan-
ter-ball shot. We'll see that evesuch a
simple case has interestipenomenahat
the simulator, with its greatly expanded
time scale,lets usexamine in detail.

A fairly simplemodel is used for the stick
itself, asshown in Diagram 1. (All dia-
grams are approximate.) Tkéck is divid-
ed into several hundresections, and each
is thought of as amall lump of masscon-
nected to itswo neighbors by springs. At
first glance,this seems nothingike a real
stick: the weightsvould sagdown. To pre-
vent this in the simulation program, the
force ofgravity is ignored, so thenly force
acting on each part of the stick fiem its
neighbors, and all the parts stay in line.

Each spring works verysimply: in the
resting position it doesiothing, but if the

tional to thatcompression. Similarly, if the
two neighborsmove apart, the springuill
tend to pullthembacktogether. The'stiff-

ness" of thespring — how muchpush for
how muchcompression — is sdtom the
known properties ofmaple wood.

The taper of thetick isincluded by mak-
ing the massekrger awayfrom thetip. At
the sametime, the springs gettiffer
because the larger cross sectiowobd is
more resistant to compression.

The tip — or rather, the tip-to-ball inter-
action — is a little morecomplicated to
simulate. While the parts of th&tick are
connected, theball and tip only interact
when the tip hasmoved into thespace
occupied by the ball; the tidoesn't grab
the ball as it movesaway. Also, the
"spring” in this case is not the classical
spring governed by Hooke's law, but
insteadincreases irstiffness as thepene-
tration increases.

The ball istreated as a single six-ounce
lump that is stationary at the start of the
shot. While there may bsome distortion
or "ringing" of theball due to thehit, mod-
elling this would requiredividing the ball
into manysmall parts linked by springs —
too complicated for thidirst look.

Now that we've reduced theball and
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fleeting moments of pool.

ceed? The stick is positionedshort dis-
tance from the ball, and all its parts are
given some initial speed. Théclock" is
stepped forward by a tiny increment —
typically one-millionth of a second — and
the new positions of all the parts a@dcu-
lated from the knowrvelocities. If any of
the springs is compressed or expanded, the
velocity of neighboring part&ill change a
little. After the position and velocity of
each part of the stick and teee ball have
been updated, theclock is advanced by
another microsecond, and anotlogcle of
calculationstarts.

The following plots show what happens
when a20-ouncevirtual sticktravelling at
one meter pesecond hits aue ball. In
Diagram 2, the tip compression is shown.
Tip first meetsball at onemillisecond on
the time axis. Thecompression builds to
three quarters of a millimeter, arttien
falls to zero as the ball is pusheavay
from thetip.

Diagram 3 shows theforce between the
tip and the ball. The units are newtons —
the calculation is all done in metric units
— which are each abodbur and a half
pounds of force, so thpeak force for this
moderate-speed shot is about 9f@ifunds.
The shape of théorce is alittle different
from that of thecompression because the
tip is a variable-rate spring, as mentioned

stick to masses and springs which interact above.

by simplerules, how does the actigro-

The ball velocity is shown in the next
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Diagram 4.Note how it builds up during
the tip contact. An interestingoint is that
the final ball velocity —about 15 meters
per second — is greatéhan the initial
stick speed of one meter psecond. This
is expectedrom thesimple physics of col-
lisions between mismatchemhasses, and
the value shown by thsimulator isvery
close to the theoreticadrediction.

Shown inDiagram 5 is howmuch the
ball has moved versuime. The major
point to notice here is how far thieall has
gone when it leaves th#, which happens
3.3 millisecondsnto the simulation:about
two millimeters.

Very simple physics predicts a "tip
departure"after a travel of pitimes the
amount of tip compression, sahis is
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another indicatiorthat theprogram isgiv-
ing reasonable answers.

As with mostbeginningsimulations, the
above leads to many neguestions: How
do differenttapers react? If there islamp
of metal in the middle of the stick — AKA,
a joint — does it change the hit? barder
tip is likely to cause more ringing. How
hard is toohard? The answers tthese
questions, and others that you miglenhd
to me at jewett@billiardsdigest.commill
have to wait for a future column.

This simulation program does not
include side spinThat is a muchmore

5l e

WAL, AT [Ee
L
k!

(] I

A
o
3 4 % & F & #
TIRAR |

w

ably three, as opposed to a single dimen-
sion for thepresent program. Getting the
details right — how bendable istypical
joint andferrule material? — is a largeb.

A study of squirt, which is perhaps the
most interesting cuestick problem that is
susceptible to simulationill have towait
for a morecomplete program. While the
informationexplainedheredoesn'thave an
immediate application on the table, it
should help you understand whatresally
happening when you hit thball. And,
since youcan't control time of contact, it
should be one less thing to worapout

complicated problem, because in order to while you shoot.
simulate the resulting bending of the cue Bob Jewett is a partner in the San Francisco

stick, it must bechopped up intosmall
parts in at least twdimensions angrefer-

Billiard Academy, a BCA Master Academy. You
can e-mail Bob at jewett@billiardsdigest.com.



