eeking Truth of Beliefs

ARE YOU A billiard
experimenter? In a
sense, every time
you play,you'retest-
ing theories. "If |
play with reverse, |
can kill the cue ball
on the rail." "With a
firm hit, this bank
shot will shorten

- enough to make."
"This shot goes if just roll it softly." On
each shot, yolnave some theory that you
put to the test.

There arepast andpresent “"poolphysi-
cists" whohaveundertaken somtairly se-
rious studies of rotating spheres green
cloth. Below aresome of their results and
some suggestions for how to do your own
experiments.

In 1941, Prof. Arthur Moore of the
University of Michigan was investigating
Willie Hoppe's stroke. Hisnterest had
been sparked by a multi-flaghoto spread
in Life Magazineof the caromlegend's
shots. (Some of these areHioppe's book.
Billiards As It Should Be PlayedAs a
preliminary study, Prof. Moore measured
how efficiently the cue stickits the ball.
To do this, he had to measure #peed of
the stick before andifter thehit, and the
speed of the cue ball. This would tell him
how much of thestick'senergy wadrans-
ferred to theball. Both ball and stickvere
suspended othin wires like a swingrom
the ceiling,then the stick was pulledack
a measured distance to a backstop and r
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leased. By measuring the swings of the
ball and stick, and applyingomesimple

speed of the shot wasried. The remark-

able result isthat thetime of contact de-

electronic strain gauge. Thepeak force
was about 450 pounds for a cue ball veloc-

physics, thespeeds could be calculated. creases on fastshots.

Moore's somewhat surprising result was The most thorough experimental treat-
that the ball swung upigherthan the stick ment ofpool available in print is Jack

ity of 26 feet persecond. Further experi-
ments are planned using a vidsgstem
that can shoofl000frames eaclsecond.

started. Itsspeed wa80% above the speed Koehler'sScience of Pocket Billiardddis
of the stick for thewhole range of speeds experimentshave demonstratedacets of
used. A roughly 50% increase is expected how balls andsticks work that mosplay-
for a tip that wastes no energy during con- ers would neveguess. If youwant to try
tact, so Moore's measuremerstsowed a  your ownexperiments, this is great book
collision with 81%efficiency. to start from. My onlycomplaint is that it
In a veryreadable bookThe Physics of
Ball Sports,by C. B. Daish,somerelated
results aregiven. Usingfast strobelights,
like thoseused tophotographHoppe's
stroke, the duration of the hit ayolf and
tennis ballswere measured while the

the subjects studied.

Just this year, group at theUniversity
of Wisconsin began somexperiments. In
their firsttrial, they measured théorce on
the tip during a breakhot byusing an
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gives almost no theoretical background for

A very interesting experimental appara-
tus has been built, agaiMichigan. The
Clawson Cue Company haonstructed
"Iron Willie," a machine that can shoot
shots with precisely set speed, English,
and elevation. Published results are sparse
so far, but itappears Willie is beingised
mostly to study themysteries of squirt. |
hope to report more athis soon.

I'm sureyou're eager to try some of your
own experiments byow. What do you
need tostart? First is dypothesis (or be-



lief) to put to thetest. "There ismore
throw on softcombination shots than
more forcefulcombination shots," iene.

Next you need a way testthis: Set up
combination shots angheasure hownuch
throw there is fordifferentkinds of shots.

Now you may startvorrying about the
details of the experiment. Does the table
roll off? How fast is"soft?" How can you
accurately measure the angle of throw?
Will spin on the cueball change things?
Will the angle of approach of the cioall
change things®hat if the twocombina-
tion balls aren'tfrozen? Theserepresent
too manyvariables. Get rid of some, at
least for the firstexperiment; you can al-
ways incorporate more andifferent fac-
tors in later experiments.

Try this: Place the combo balls on the
foot string aimed straight up the table and
frozen together. Place a third object ball
slightly separated and at an angle as
shown inFigure 1.Shoot thecueball into
the proxy cueball. Call it asoft shot if the
ball just reaches the far railmedium if it
goes another table length, and hard for an-
other table length.

To get consistent results, yaull need
to be able to place thiealls in the same
positions repeatedly. Get a largedex
card (3 by 5 inches is barely largeough)
and a hole punch. Punch two holes for the
frozen combo balls, and a semi-circle of
holes, each whole 10 for the thiothject
ball so it cancontact the combo at various
angles.Tape the card to theble, roll the
balls into the holes, and start your mea-
surements. find the use of a carlike this
much moreprecisethan tapping thealls
into position, and it is easier to set up the
angles on paper.

When | did all ofthis, | got the results
plotted in Figure 2. The amount thfrow
is on the vertical axis, and the cut angle is
on the horizontal axis. For example, the
maximum throw measured was six de-
grees (Adegree othrow is abouthalf a
ball diameter infour diamonds oftravel.)
which happened for a 30-degree angle
(half ball hit) and asoft shot.

The results arenot completely as ex-
pected. Note that up to a 20-degree hit
angle, there idittle change inthrow for
hard versussoft shots. As the angle con-
tinues to increase, the safhot keeps a
fairly constanffive to six degrees of throw,
but the throw on the harghot gradually
drops down to a degree anthaf.

The results suggestfarther experiment.
The three curves are nearly tlsame
straight line for cutdrom zero to 20 de-
grees. Intheory, if the combination balls
are separated by a certalistance, the cut
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should exactly cancel thehrow at all
speeds and for cut angles traen't too
large. Try the experiment faeveralsepa-
rationsfrom aneighth-inch to an inch.
Here'sanother experimerthat will test a
common belief aboubanks. Prepare a
card that will place three object balls in a
straight line and separaté@m eachother
slightly. Place the three ahown inFigure
3. Shoot the cue baboftly straight into
the combobankjust hard enough to
bounce thefront ball afoot or two off the
secondrail. Place a'marker" ball where
the ballhits on the secondiil. With prac-

tice, you should be able to hit the marker
almost perfectlyfull. (It helps to have an
assistant tadjust andeplace the marker.)

Once you have the angle forsaft bank
down, predict where thbkall will hit for a
much harder shotthen try theexperiment.
| think you'll besurprised; Wwas.

If you try these experiments -even the
one already completed — I'd like to hear
your results. Please send them to me in
care of this magazine or by E-mailjew-
ett@hpl.hp.com.

Bob Jewett is an engineer at Hewlett-Packard
and the 1974 ACU-1 men's billiard champion.



