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Can your play really benefitfrom an [ . =
understanding of the math and science

behind the gameThat's aquestion | hear

all the time, and the answer is not so clear: —'D'\___}

I think thatduring a match, tomuchcog-
itation is a bad thing. If you have a tough 7- l
ball shotthat needsoutside draw tospin
four cushions to get on the badly-placed 8,
it is the wrong time to be calculating decel-
eration rates based aroefficients of fric- |
tion and relativesurface motions. I'm a
firm believer in the simple technique: "Seg L)
the shot, shoot the shofThat may startle
long-time readers of this column, bu
please notethat I'm only referring to a
playing situation. i

During practice time, you need to b
thinking about whayou're doing and why
the balls behave abey do. Well,it's not — —=—p
required; you can become a champiob
without ever reallyunderstanding what's |
happening on the table jltsttakes a lot of | ™. Sy
talent andpractice time. Fomost of us, i,
learning how the balls work, and especial- s
ly how eachfactor canchange the outcome
of shots, makes practice time moeéi- -
cient. If you can put your experience into a. L'l-lagrcm-f 2 -
coherent framework, and build thhase,
your game will become solichore quickly.

A second area whergcience can help is | |
to knock down bogugleas orgive support | |
to valid and useful ideas, and perhaps
extendthem. An example of théormer is
the old advice on how to makeball that is
frozen on thecushion: "Hit the ball and
cushion at the samnteme.” It is remarkable p b
how many confusedpoorly-read players | = ; | I =
still believe this "obvious" but wrong ; | |
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notion. It is simple enough to disprove, but & . |
because a champion or two has passed onl = L
this "wisdom," it isstill in circulation. 16

An example of old advice that physics [LETELELERE]
can illuminate is the "perfeadraw" shot.
Major Broadfoot, in his excellentl896
book "Billiards," discusses thehot shown
in Diagram 1. Theproblem is controlling
the path of the cue ball, anspecifically
sending it along the linperpendicular to
the cue ball'original path.

Broadfoot's solution is to play thshot
with a half-ball contact (aim theenter of
the cue ball at the edge of tlobject ball)
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with more orless tharhalf ball. This basic
magazinefirst in Dr. GeorgeOnoda's May

1989 column, and more recently in my
November2000article on half-ball shots.

modified. The final cueball angle for any
draw shot can befound by complicated

idea hasbeen covered several times in this

A closer look at the physics of the shot
explains how it works, and what can be

ySics ana Poof

really helpful in cue sports?

muchdraw as a smoothlyolling ball has
follow, sothat the surface of the top of the
ball is not moving at all — is not quite
enough to pull the cue bdlack to the per-
pendicular line. Thisneans that if you do
get the right path on the cball, either you
hit the cue ball slightljuller thanhalfball,

or you managed to gétetrograde"draw
on the cue ball.

When seated comfortably ipour arm-
chair, physicsdoesn'ttell you thelimits to
shots. Foexample without actually trying
the draw shoabove, youcan'ttell whether
your tip, chalk, stroke, clothpbjectball,
and cue ball can achievgroadfoot's per-
fect draw. Forthat you have to go to the
practice table and try a few shots. Trac-
tice is also necessary #oat the next time
the shotcomes up, you will recognize it
and be able to execute it.

Another shot where science provides at
least a partial solution is theasse Almost
200 years ago, &rench scientisnamed
Coriolis worked out the amazing result
shown inDiagram 2. If you want the cue
ball to curve into the fingbath shownyour
stick needs to be pointing through the cue
ball to a spot on theloth on the"direction
line" which is parallel to the finapath.
Coriolis also showed that the curved part of
the path is a shapgmlled aparabolawhich
is the same sort of path a ball follows in the
air if wind resistance isnot a factor.
Unfortunately, Coriolisfailed to provide a
useful formula for how hard to hit thball,
just as ebaseballcoachwon't tell you how
hard tothrow to get théball to secondase
— you learn by doing. For more details on
this way to aim masse shots, see Robert
Byrne'sbook on"AdvancedTechnique."

Sometimes physics can provideneral
guidelines on how an experiment is likely
to workout. Peopleoften wonderabout the
best weight for a breatue, where the main
concern is howfast thecue ball is going.
The actual experiment igery hard to do. If
a person is swinging the stick, it is neces-
sary to give hintime to get used to theeft
and balance oéachdifferent weight. Just
because you break well with a 21-ounce
stick doesn'tmeanit's best foryou, but it
could take you anonth to getyour timing

and use "best draw.” Broadfoot goes on toequations or a simple graphical method down for a 17-ounceBasic physics does

say that if youdon't get gperpendicular cue
ball path, youmust have hit the objetall

givenhere in Jun001. Itturns out that for
a half-ball hit, "ideal" draw — that is, as
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say that if you plot your break speed versus
stick weight, the resulting curvehould be
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quite smooth, like the plot iDiagram 3. hit first, you can detect a bad hit by the things for good physicaleasons, andften
On the vertical axis is the estimated energy directions and speeds of the balls jafier players are confusedbout those reasons.
in the cue ball compared to 100 percent atthe shot. This is good, becauiks often In particular, if the cue balhits a close
20 ounces — the assumed best weight. Theimpossible to actually see the ordecoh-  object ball full, itwill stop deadjust as
exact width of the curveeeds to be deter- tact. Many players haven'tcaught on to  when it hits a distanbbject ballfull. I've
mined by a sportskinesiologist (body  this, andwill call someone over taatch a  had one player tell mthat the subsequent

motion scientist) but | expect no more than hit when the legality of the hit will belear hlgh speed on the cumall — it caught up
a few percent change in cue ———— with the objectall — was
ball energy for aplus-or- e | because he had "special
minus two ounce change in o [ stuff on the ball, which
stick weight. decays rapidly as the ball
This kind of smootlopti- moves off thetip, so it is
mum is often seen iphys- o not seen onlonger-dis-
ical situations where there | - I .O | tanceshots.Yeah, right.
are two competing factors. | e : A final application of
In the case of a break stick, | physics in billiards is to
a light stickjust can't get | the design of theequip-
any speednto the ball — Which object ball was hit first? ment. Most recently this

imagine breakingwith just has been seen in stick
the shaft ofyour cue. On = design where the underly-
the other end, gery heavy stick is todvard  from anywhere in the room. An example of ing mechanlsms of squirt (sometimes
to accelerate witjust your arm — imagine this type ofcall is inDiagram 4, where the  incorrectly called deflection)have been
tying a couple of bricks to the butt. cue ball may hit the 7 or 9 first. The dia- first revealed by high-speed camera, and
Somewhere in the middle is the best gram shows the path @fst the cueball, thendeveloped into a theory that can guide
weight, and the general nature of the prob- something which you could certaintyack useful designs.

lem saysthat you won't get 50percent  from across the roonthis alone is enough Do you need to knowool physics to play
more power from a one-ounce change in information for aphysics-savvyreferee to  well? Goodness, nolLook at all the fine

stick weight. make a call. Can yotell which ball was hit  players whadon'tknow tensorfrom tennis.
Another area wheréknowledge of the first? It can help yodearn more quicklythough,
physics of the game cdrelp is in referee- Another refereeing application is in dou- and for some peopl¢'s fun studying all on

ing. Usually wherjudging which ball was  ble hits on closeobject balls. Balls do its own.
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