Pythagoras & Pool
Perpendiculars

by BOB JEWETT
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ABOUT pool that I A = Y E
gets far enough into | A 4 P =
the subject taliscuss | P A+E 4
combinations or po- | C o
sition play says that | g 4 J
the "kiss angle," or [-:"-V- ™ |
the angle between é ﬂ,’rE
two colliding balls, .
is 90 degrees or a 1 A""B:C P Y
right angle. None of £
themtells youwhy. Theexplanation takes |Flgurel Figure 2 ¥ Cc P}
only alittle physics plus youfavorite the- - - -
orem from high school geometry — the
one by Pythagoras. Simple extensions of A'ng a
the analysisshow how thekiss angle g . A
changes if throw or imperfect balls are in- -
cluded in thecalculations. C A C ﬁﬂ"f A
Figure 1 diagrams a simple collision. i ¥ l"'e:x E'
The cue ball (or it might be an objdmall) | %,
arrives alongpath C, sending the target B + B *
ball along path A. The cue ball leaves ] | b
along path B. For théme being, wewill BI
assume that there is no throw,mth A is  |Flgure 3 Figure 4
along the lingoining the centers of the
two balls at the instant of the collision. cue ball has kept some (arrow B). The energyincreases as the square of the ob-
How do we know theangle between A total momentumaiter thecollision. A+ B,  ject's velocity. A physicist calculates an
and B is 90 degrees? is the same amount of momentum as be-object'senergy with the followingequa-
The solution is found byapplying basic ~ fore theballs contactedtach other, C, so tion: E ='Ax mass x velocity So the ini-
laws of physics: momentum andnergy  A+B=C. tial energy iSAx m x G After the colli-

are neither created nor destroyed during This equationdoesn'ttake into account sion, the energy is shared by theo balls,
the collision, althouglthey are botitrans-  the directions involved. Iphysics,this is ~ (Ax m x A) + (Ax m x BY). Sinceenergy
ferredfrom oneball to another. done by"vectors,"which for our purposes can be neither created or destroytt is
The momentum of an object is a tricky means we need to add the A and B arrowsthe second law ofhermodynamics, and
concept in physics because it has both agraphically by putting thenfiead to tail ~ assuming that no energy goso heat or
size and adirection. The amount of mo- and keeping their original directions as sound, the energpefore and after theol-
mentum increases with thepeed and the shown inFigure 2. If you go in the A di- lision must beequal:
weight of the object. Thdirection of mo-  rection for the A length and then in the B
mentum is simply thalirection which the  direction for the B length, you get to the
object ismoving. In Figure 1, the lengths same spot as going in the C direction for Using algebrathat equation can be reor-
of the arrows represent the speeds of thethe C length. You mawant to check that ganized as:
balls, so thearrows showboth the size and if you go in the order B, A youstill get to
direction of the momentum efachball. the sameplace.
All the momentum before the collision is  The mainpoint of the equation is that A,  Since’Aand m (the mass of one ball) are
carried by the cuéall. (The object ball B and C form atriangle since the two on bothsides of the equalign, algebra al-
has no momentum since it is standsti pathsfrom the left end of C go to theame  lows us todrop them from theequation al-

il mx A i xmx B = =m0

= m oA+ B W

and has no speed.) This starting momen-point at the right end of C. together:
tum is represented bgrrow C. After the The amount of energy in a moving object A B
collision, some momentum has beleans-  increases with the weight of the object, )

ferred to the object ballarrow A) and the just like momentum. Unlike momentum, To summarizewhat we know sdar, the
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"velocity vectors" of the ballsorm a tri-
angle . Due to conservation efergy, the
three sides of the triangleave therela-
tionship A + B* = C2 This isjust the re-
quirement of the Pythagorean Theorem,
which states that any rightiangle has

+ B? = C if the 90-degreangle is be-
tween sides A and BQED, as Mrs.
Morgan use to say igeometry class.

Now that we have théasic result,it's
time to examine some of theariations
that can arise with use &nglish. Sup-
pose there isome throw in the shot, for
example if the cue ball has right (counter-
clockwise) side-spin. Therwill be a
small change,arrow a, to the Adirection,
as shown inFigure 3, which results in A'.
It's important to note that the direction of
a is perpendicular to A becauigat's the
direction of the rubbing of the side-spin.
In order to conserve momentum, rBust
change by an equal and opposite amount,
resulting in B'.

For this outside English, the angle be-
tween A and B is widened hwust the
throw angle between A and AFurther-
more, the cue ball speed is slightly in-
creasedfrom B to B',which can beesti-
mated as about 7% for maximum English
and a cut shot of about 45 degrees.

Conversely, ifleft English were used, the
angle between the cue and the object ball
would close up some and the cball
would leave thecollision with slightly
lower speed than before.

What happens if the balls adifferent
weights? The problem becomesuch
more difficult to analyze, but the basic re-
sult is that for a heavy cue ball, the kiss
angle is lesghan 90degreeswhile for a
light cue ball it will be wider.

What happens if thealls are a little in-
elastic or "dead"? Inhat case, some en-
ergy of motion is lost during the collision
as heat energy, not as much speeitaiss-
ferred to the objecball, and A is short-
ened to A' ashown inFigure 4. Momen-
tum is conservedven when energy is
changing "type," so B must change by an
equal and opposite amount to B' and the
angle closes up to less than 88grees.
This effect is verynoticeablewith ivory
balls, which are not as springy gastic.

This column has mostly dealtith the
"why" rather than thé'how" of the kiss
angle. The cudall path is so severely re-
stricted by the physics of the collision that
there is littleroom for adjustment if the
object ball is to be driven to a precisa-
get. Ofcourse,after thecollision, the cue
ball can bemaneuvered witldraw and fol-
low, but inthat first instant Newton and
Pythagoras are ioontrol.
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Friction: Friend
And Foe

by BOB JEWETT

JULY, 1980.MIKE Sigel andRonnie Allen.
One pocket.

It was the sort of after-hours match every-
one at the San Francis@pen had been
hoping tosee. Or afleasteveryone inter-
ested in clevetactics, precisionsafety play
and a chang&om the smash-‘em-shoot-by-
the-numbers9-ball tournament. It was a
night madememorable by twaqool leg-
ends,head to head in #ough, expensive

' contest of wit andnoves andraps.
About two hours into the match, a third participant arrived: the
fog. SanFrancisco Bay relieves hot, summer days by generating
cool fog at night. The damgescended on the table, destroyed
stroke, and especially aggravated Allen, who lamentéts
tough. Youknow what theball's supposed to do but jisst won't
do it."

Friction was the problem, as Allemell knew, andstudying it a
little may reduce your own frustration whéiction attacks.

There arethree types offriction found on pooltables: static,
sliding and rolling. The first two are usually explained with a sit-
uation like a box on #able. (This is not much like a poddall, but
stick with me.) When you push on tis@ée of the box, younave
to get up to a certain force to start the ogving, butthen a
smallerforce cankeep it moving. Thdirst is due to"static" fric-
tion and the second is due"liding" friction.

Physicistshave found that howard you need to pusideways
is some fraction of the weight of thex. For examplewith a 10-
pound box, you might need 6pounds ofpush to start the box
moving and 2 pounds to maintamotion. If you double the
weight of the box (20 pounds), yaiso double the required
forces (12 and $ounds). The ratios gfush toweight, in this
case 0.6 an@.2, areconstant.

These ratios are called the "coefficients" of frictidhey de-
pend on the two materials rubbing against each other. Rubber on
concrete has highoefficients whichmakes it necessary foush
very hard to slide aubberobjectacross pavement. Rubber on ice
has low coefficients and littforce isneeded to slide.

"Rolling" is athird kind of friction that is dittle more obvious
on a pool table. It describes how quickly a rollibglls slows
down. A convenient way to think alling friction is that a ball
slows downcontinuously as if it were rolling up a hill. The
steeper a hill, the higher the percentage dfiiggle, the quicker a
ball rolling up it will slow down. A moderatelyastcloth acts like
a 1% gradeObviously the metaphor is not perfebgcause aall
stops on a pootable, while a ball rolling up a hill will start
rolling back down afterstopping. But aill's grade still provides
a usefulterminology for thespeed otloth.

There is areasy way to measure the speeds of cloth and thereby
compare the speeds of tabl&hoot a lag shahat barelydoesn't
touch the headail (the one you start from). Measure tivae be-
tween the contact on tHeot rail and when the ball stopsoving.
Timing needs to be accurate totemth of a second and the cue
ball must notquite touch theneadrail. The time will usually be



between six and eighdeconds. Multiply
the time by itself and then kyvo. For ex-
ample, if the time wasevenseconds, the
result would be 7 x 7 x 2 = 98. This is the
speed of theloth.

The speed of cloth is theciprocal of, or
one over, theslope. A table with a speed of
100 would slow aolling ball as if itwere
going up 1% gradslope, a 50-speedble
would perform like a 2%slope.

To summarize, daster cloth will pro-
duce a higher number. Alow cloth will
produce a lower number and balls wibll
as if theywere going up ateeper incline.

I've seentables asslow as 60; thecloth
must have been eug. The fastest table
I've clocked was on aAccu-statstape of a
three-cushiormatch at Sang.ee'sroom in
New York. Thecloth was a very fine, thin

draw is the victim offriction. Get two
striped balls of averageleanlinessWash
one of them and wax it with a hawmax.
Using the undoctored ball as the doall,
place the stripeequatorially, andshoot
with draw and mediunspeed.Note how
far up the table the draw lasts by noting
when therotation of the stripe turnsver.
Now try the same with the waxdxall. It's
not unusual to get twice the origindis-
tance before the draevaporates.

That night in SarFrancisco at the Sigel-
Allen match, the damp had the opposite
effect of wax; it increased thériction be-
tween ball anctloth, and the draw rubbed
off very quickly. This seems backward,
since lots of watemakes thingsslippery.
However, smallamounts of moisture can
actually increase frictionHave you ever

weave, and the table was heated as re-icked your finger to turn a slipperpage?

quired by internationafules. The 10-sec-

The last kind of friction is one that all

ond measured lag time gives a speed ofplayersseek out — frictiorbetween the tip

180. (The arithmetic is a littleifferent for
10-foot tables, after you multiply the time
by itself, then multiply by 1.8). Thelesson
there is that if you want the cloth to be
fast, keep itthin, clean and dry.

Here's an experimerthat shows that
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and cue ball —static friction. If the tip
slides on the cuball, it's amiscue, so the
goal is toprevent any sliding at all. Chalk
increases the frictionAgain, this seems
somewhatbackwards since yoalso see
people using chalk as a substitute tiic

to maketheir bridge hand slippery.

Measuring thecoefficient of static fric-
tion between the tip and ball turns out to
be fairly easy.Just note how fafrom the
center you can hit the cueall without
miscuing. As mentioned in Robert Byrne's
series ofarticles on fundamental§eorge
Onoda has foundhis to be half the way
from the center to the edge of the cue ball.
With alittle geometry it can bshown that
the coefficient of static friction is 0.58 for
a chalked tip on a cugall.

If you can't hit as far fromcenter as
Onoda, here arsomesuggestions:

* Roughen your tip. | press coarsand-
paper into the tip.

e Chalk thoroughly but do ndeave cak-
ing. The only way to maksure you have
done a good job is to look gbur tip.

e Get good chalk. Opinions and batches
vary. Find what works for you.

* Clean thecue ball. Most dirt increases
miscues.

This is necessarily a brieiverview of a
very complicatedsubject. To discuss this
further, drop me anote in care of thisnag-
azine or send m&-mail, via the Internet
to jewett@hpl.hp.com



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

by BOB JEWETT

|"I':-—.\_ L L] L] 1 L ] - L] _.---:"'l
LY - A | h
- .\'\.. 3
ﬂ A
w | [®
! | 1 —
| ) ___'_;.“-I:ul: argle
= Degress i R D &
| ef throw 2 e =
|1 .
-: |-
| |
P L, | PGP g
1 . f X
e — - T

Index card for Figure 1

Funch holas for the two
stationary combination balls

Y

Position of the two
stationary combination balls

®
I.,.
[ ]
[ ]
[

L
]

Punch holes for tha

combination ball
at various angels |

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

30 Billiards Digest « June 1995

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.
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Virtual Pool

(Better than the real thing?)

WOULD YOU
LIKE to have the
stroke of Mike
Massey for trick
shots? To bable to
play daily against
someone whowill
run 50 at straight
pool moreoften than
not, and run over 100
yourself? To beable
to predict exactly where the cumll is
going to end up on anghot? All this and
more ispossiblewith a new
computer simulation game
called Virtual Pool,available on
CD-ROM.

Your introduction to Virtual
Pool beginswith an animated
video clip about thehistory of
cue sports. Paintings arntla-
grams — the Billiard Archive
and Mike Shamos are in the
credits — illustrate the@arrator's
summary of billiard eventfrom
the elevation of lawrbowling to
tables up to the currerioom
and recent players.

The basic control of play is
much like othersimulators on
the market. You use the mouse
to select the aiming angle and ta
place the tip for various amounts
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whether two balls are really touching. A
single key returns you to an overhestbt
to check the whole table. All of this works
very quickly, sahat the motion is smooth.
A very usefulfeature, and one thatans-

forms the progranfrom amere game to a
learning tool, is theshot prediction feature,
called "tracking." With this turned on, the

expected paths of all the balls are shown,

their new home tables. You anever re-
quired toraise thebutt of the cue tavoid
an obstaclesuch as an objedall just on
your side of the cuéall. If you crank up
the speed, you can get maospin on the
ball than Mike Massey;that's afantasy for
most of us.Also, Deadeye Darkicks balls
in betterthan any livinghuman.

My major complaint aboutvirtual Pool

and are updated as quickly as you changeis that although the game knoviaur dif-
anything in the shotsuch as theangle,
speed or English. Faxample, at straight
pool, you often need to break uplusters

ferenttypes ofpool games, and you can do
others in practicemode, snooker and
carombilliards are not included. linder-
stand that anookerversion is in
the works; lhope thatcarom is
not far behind.

The program comesvith a
startling guarantee. iour ac-
tual pool gamealoes noimprove
after using VirtualPool, you can
get your money back. won't be
getting my money backsince |
had a personal best at Internet
Equal Offense after"virtually"
running 150 a couple dimes.
(IEO is a pool competition held
over acomputer network, but
played by real people ameal ta-
bles.)

The hardware required is a PC,
running Microsoft DOS or
Windows 3.1, with at least a
386SX 40MHz or higher proces-

of English. Toshoot, you press a key to let during a run. You can see exactly how sor (I used acomputerwith a 60 MHz

the programknow you're ready, and then
move the mouse back artlen forward.
The speed of motioletermines thdorce

of the shot. Taavoid brokenmice on hard
shots, there is a "speed amplify" button
which is especiallyseful onbreakshots.

There are lots different things the sim-
ulator lets you do. You can practice alone,
play against anotheplayer either on the
same machine oover thephone or net-
work, or playagainst a computer-gener-
ated foe. Of the lattedon't try your hand
against Deadeye Dan until ydave your
aiming perfected; in our lashatch, he
beat mel50-7 instraight pool.

WhereVirtual Pool really shines is in the

a three-dimensional perspective. Tilay-
er's point of view caneasily be panned

much draw,follow and English will be
needed to get the cue ball bveak up a
cluster. Everbetter, you will see where the
balls in the clustewill end up, and you
may concluddhat there is no good way to
go into the cluster along thgath you had
planned. Thissort ofpredictionwould not
be of much use if the resultgeren'ttrue
to real life, and theorogrammershave
done a venaccuratgob.

Another feature is a briefnstructional
clip taught by BCA Hall-of-Famer
"Machine Gun" LouButera. He begins by
saying thathe'll run arack of straight pool
in 90 seconds, buinly takes 66. A gallery

Pentium chipwhile evaluating thepro-
gram), aSVGA card, a CD-ROM drive, at
least fourmegabytes of RAM and two
megabytes ofree hard diskspace. A
sound card is needed if you want to listen
to the music,sound effects onarration.
The price is under $50, which in nmyind
makes this a must for any pqalayer who
also has a PC.

Virtual Pool, is available for$49.95,
from Interplay Productions, Inc.,
17922 Fitch Ave., Irvine, CA 92714,
(800) INTERPLAY. (A demoversion of
is available on the Internet; connect to the

of trick shots is also available. Lou shoots URL http://www.interplay.com/. A version
display graphics. The table is presented in them invideo clips and you can set them for Macintosh platform iglanned.)

up and try them yourself in the simulator.
| have a few minor complaints. The "vir-

around the table to check angles and clear-tual” cloth is a littleslow and slippery, per-

ances, and can beoomed in to check
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hapsjust like many playerswill find on

Bob Jewett (E-mail at jewett@netcom.com) is a
former ACU-I billiards champion and currently
trains BCA Certified Instructors in San Francisco.



ollow and Draw Systems

WHEN YOU ARE
learning pool, after
you have control of
the object balldirec-
tion, the next thing
to master is the di-
rection of the cue
ball after contact. In
a previous column, |
called on the Pythag-
— orean theorem to ex-
plain why the initialpath of the cue ball is
at a right angle to the path of tlbject
ball. This columnoffers some systems for
planning howfollow and draw will bend
the cue ball'path.

In Shot 1, the plan is tpocket the 1ball
and follow forward for the Zball. The
problem is todetermine whether the cue
ball can be taken to thleft side of the 2
for an easy shot (A) or if the much more
difficult position on the "shorside" at B is
needed.

The system to use henge'll call the
"triple-angle follow system." For nearly
full shots likethis, take thesmall angle of
the object ball cuf{/OBC), triple it, and
the total is how far out the cue ball is de-
flected (3 x /OBC). In Shot 1, the initial
cue ball path goesowards C on the end
rail. This is half a diamondfrom the
pocket. If the object ball ipocketed, the
cue ball will go towards point three times
that distance to the right. For thsmple
shot, that would béowards point A,one-
and-a-halidiamonds to the right of the ini-
tial cueball path.

You have to make sure e&veralthings
for this system to work well for you. The
cut angle must bemall. The cudall must
be rolling smoothly on theloth, which
will happen immediately if you hit about
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much as auide post. This is thbhalf-ball
follow angle,which has been discussed by
Robert Byrne in his column and hisd-

one tip above center. The cue ball and thevanced Techniquebook. In Shot 2, the

object ball must be the same weight and
fairly clean. Aswith any system, practice!

How accurate is this system? A lot de-
pends on your pocketing accuracy. If you
miss thecenter of the pocket biyalf aball,
the cue ball will land a ball and a hfidm
the expected point. If the culoall is heavy,
like some tavermalls, itwill drive through
straighter, andyou'll find a smaller num-
ber, maybe 2.5 or 2, must hesedinstead
of 3 to get the direction precisely.

A second followsystemisn't asystem so

bestchoice at the 9 ball is to play a carom,
sending the cue ball off the 1 to the wait-
ing 9.

Use this technique: Aim for &alf ball
hit on the 1 ball,with the cuestick di-
rected at thdeft edge of the 1. Hit the cue
ball high andshootonly hard enough to be
sure to get to the 9. The most common
mistakes are shooting tdw@rd and playing
with draw orcenter.

For your practice, set the 1ball'swidth
off the rail andplace the cuédall one-and-

a-halfball's width off, so youwill be driv-

ing the cue ball parallel to the longil.
Move the 1ball forward andback until the
caromseems automatic. Notarefully the
angle of deflection of the cueall. In the-
ory it will be close to 37 degrees, hiltis
will change if the cue ball is not the same
weight as the objediall.

The real importance dhis shot comes
from the stability of the deflection angle.
While the object ball can be hit between
three- and one-quartefdl (about 15 to 45
degrees ofcut), the cueball path will
change by only a fewlegrees. While there
may not always be a 9 ball waiting for you
at the half-ballfollow angle, there will



often beposition or an easgafety.

Suppose th@eeded angle is not quite 37
degrees. Tanake the cue ball go straighter
through, hit either more dess ball; how
much requiresjudgment gained from
practice. TryShot 2 with the cue ball
closer to theail than for theideal angle.

There are twovays to make the cue ball
go wider. A little draw, or even centball
will bring the cuéball out some, but this is
hard tocontrol. It is easier to hit the cue
ball harder so it slides some to theft be-
fore taking apath parallel to thesoft shot.
Try Shot 2with the 1 ball adiamondfar-
ther down thetable.

‘gulside angla” 3

L

Knowledge of the half-balfollow angle
is essential for positioplay. Practice this
shot until the information is etched into
your brain.

Minor adjustments in either direction
can be achieved by adding sisfgin to the
follow. Begin in theideal position and see
what left andright do.

There is adraw system that is a Idtke
the follow system; infact, it is based on
nearly identical physics.Suppose you
have asituation like Shot 3. You want to
draw the cue ball off the object ball to-
wards point X. There are two equivalent
aiming systems; seevhich is most accu-
rate for you.

For the firstsystem, take the "outside
angle" between the two starting lines of
the shot. Divide it intwo, and in two
again. Drive the objedball along the line
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closest to the path that gostsaight-ahead,
and the cue ball wikiraw back towards X.

The second way to aim is to shoot to-
wards point P on the objeball, which is
midway between the two majdines. Note
that this is notwhere you will hit the ob-
ject ball; the contact poinill be the same
as in the firsmethod.

The second aimingystem, alsdknown
as the "bisectopoint” system, is ateast
80 years old; it is irDaly's Billiard Book,
but is explained better in Willi¢loppe's
Billiards As It Should Be Played.

This draw systemrequiresvery lively
draw and isbest if the cue ball is close to
the objectball. The cut angle must not be
too wide. If youcan't pull the cue ball
back as much asxpected, yowvill need
to adjust the system Ishooting somewhat
fuller.

There is adraw half-ball shot that is sim-
ilar to the follow half-ball shot. In Dia-
gram 4, a half-balshot with drawpockets
the object ball antbends the cuéall back
as it goes up theable. For a typical
amount ofdraw, the finalpath is at a right
angle to the initialine of the cue stick. Of
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most difficult to control, but itdoespro-
vide a reference point.

For example, if youhave a fuller-than-
half-ball shot,you'll know you canbring
the cue ball back behind théght-angle
path.

These systems all require eitHelt fol-
low or full draw. Ofcourse, you can obtain

all the systems mentioned, this one is theany angle in between by usirgpin be-
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tweenthese two extremes, but there is no
good system for these grayeas.learn to
rely on yourfeel and use thesystems to
know where the boundaries are.

Bob Jewett (E-mail at jewett@netcom.com) is a
former ACU-I billiards champion andurrently
trains BCA Certified Instructors in San Francisco.
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A Basic Skill Test

by BOB JEWETT

IN MY DECEM_ |"r-__.- - L] - - v & ] - .-—.-‘h'l
BER 1992column | Lo - ) ;
described a way to it e |
sharpen your skills
called "progressive
practice."Since then, -

a set of drills based "l
on those ideas has
been developed by [ l

my fellow instructors =
; at the San Francisco
Billiard Academy, EricHarada and Joseph
Mejia, and me. It is easy to use thesils
to measure your preseskill level and "
keep track of your improvement. £ d 4 ] L] £ | |

In Diagram 1, the goal is to pocket the / - . o = e ’
object ball with astop shot that leaves the i . 7 L — g L, £ )
cue ball within nineinches of the "phan- "n..,_ e » . . L N w N a_#.n
tom" cueball (the cue ball at thmstant it
contacts theobjectball). Start with the cue (

1L
-~

ball by thediamond marked 2; thiwill be

an easy shot for moglayers. If you make
the required shot, move the chbell farther

away, and tryagain. If youmiss a shot,
move the cudall closer. So that yodon't

have to remember thkast location of the 2
cue ball,mark it with a coin on thealil.

The goal is to workyour way up to as |
high anumber as possible. Remember to| # I
reduce the distancehen youmiss; that's
the penalty for missingVhen you ardirst
trying the shot, you mawant to move the
cue ball one diamond at tane, but after
one or two misses, use a half-diamond ad-
justmentafter eachshot.

After you have shot 10 or 15 shots for | |, g ) ’ /
the first diagram, note youdistance, and b = = = ey - - 5 _,.-"
go on to Diagram 2. This isfallow shot,
with the goal of leaving the cue ball in the ~
shaded area whilpocketing theobject Fam L L N Y LI L e

ball. As before, if youneet thegoals on a e S L —
shot, move the coin and the cue bhkck, K [
but on this drill you also move the object |
ball back so that itemains one diamond
from the cueball. After a rack of shots, 3
noteyour distance.
Diagram 3 is alraw shot. The object ball
stays put again, and the cue ball is moved| = I
to change thdlifficulty. The goal, besides
pocketing theobject ball, is todraw the
cue ball back at least as faryamur starting
point. For this drill, thecoin on the rail is ]
especially important since it gives you a 1 2 3 4 B g T
target for your draw. . |
Diagram 4 is a cut shot. Thebject ball A8 B B 3] @ 2 __® 3] o~
is always placed a diamond from ther- R o —_— - . —_— -,
ner pocket and a ball off thail. The cue _.-'J

26 Billiards Digest « December 1995



ball marches up the table always otia-
mond off therail.

Once you haveompleted allfour dia-
grams, add up the distances andltiply
by two to find your totalscore. Thefactor
of two comesfrom the fact that we have
developed fivancreasinglydifficult sets of
drills, and this is the second set. If you in-
clude these shots as part of a regplarc-
tice routine, you camote yourprogress.

If you have a score of 40 aonore, this
set of drills is too easy for you. If you
can't getover 15, you need aeasier set.
The point of these drills is tonake the
shots challenging but not impossible for
your presenfevel of play, whatever it is.
With a score over 60, you may want to try
turning pro; toscore 60, you will beshoot-
ing most ofyour shots from the enihil.
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Note whether your score on one diagram want a moreaccurate measureake

is considerably lower than the rest. If so,
invest practicetime there. Formost play-
ers, scores ar&irly even across the dia-
grams; if there is a lowne, it isusually
the draw shot.

Move the coin afteleach shot! Other-
wise, youwon't get atrue indication of
your average ability on thdrill. If you

smaller steps ireachdirection — a quar-
ter-diamond rathethan a half orfull dia-
mond.

It is OK to move theballs slightly in and
out from therail on the first threedia-
grams. The importarfiactor is the length
of the shot, and you arieee to make the
angle as auspicious as you want. Tole

low shot isimpossible if youdon't choose
the rightangle for the cue ball.

A full set of 20progressive practice dia-
grams is included in the new BCA Instruc-
tor's Manual,which is available to any
BCA member.

Bob Jewett (E-mail at jewett@netcom.com) is a
former ACU-I billiards champion and currently
trains BCA Certified Instructors in San Francisco.
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