Bob Jewett

Guest columnist (and fellow billiard-
physics fanatic) Dr. George McBane is a
professor of chemistry at Ohio State
University, where he and his graduate stu-

dents study collisions between molecules.

Tools used there can be applied to billiard
balls, as you will see.

Anyone who hasplayed pool fomore
than tenminutes has figured ouhat the
thinner the cut, the slower thabject ball
goes, and théaster thecue ball goesafter
they collide. And the first thing most players
are told when thegtart to learrposition play
is "After thecollision, the cue balleaves

at right angles to thebjectball's path.” |
The first ofthose statements tsue, the
second is only sometimésie.

People whostudy collisions—of plan-
ets, ofsubatomic particles, of balls—use|“
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sion. The lindrom S to Fgives the direction
and speed of the clall. It's easy to see that
as the cut angle (the andtem | to S to O)
gets bigger, theobject ball speedvill get
smaller and the cue ball speed will bé&-
ger, until finally for a perfect 90-degree cut
the object ball will not move at all and the
cue ball will go straight forward without
slowing down. If you remember yogeom-
etry, you mightalso be able tshow that,
with this diagram, the anglbetween the
final cue and objediall directions isexactly
90 degrees, no mattehat the cut angle is;
the "right-anglerule” is correct in thiscase.

a simple diagramcalled a Newton dia- '

gram (after Sirlsaac) or velocity vector
diagram, to help figure owthatlaws of
conservation of energy and momentum
require of a collision. -
The diagram iseasy to drawCueists
can use it to show how fast the cue and
objectballs will go in a cut shot, what the
angle will be between the cue and object
balls' pathsafter acollision and how the

cue ball is lighter or heavighan the
objectball. It can also occasionallgis-
prove plausible-but-incorrect statements
about howballs behave, including the -
"right-angle rule."

The simplest version is shown iagram
1, along with theshot it corresponds to on
the table. Tadraw it, start with a lin@long
the direction you will shoot the cuall. The
line's length represents the cball's speed
just before the collision.

Mark the beginning of the linwith S (for
"stationary"), and the engith | (“initial").
At the midpoint ofthatline, put a dot (C).
Draw acircle with its center at C that passes
through S. Nowstarting at S, draw another
line, parallel to thepath the object ball must
take to the pockeextend it until ittouches
the circle. Mark thepoint of its intersection
with the circle O ("object”). Draw aline
from O through C to the circle on the other
side; markthat intersection K"final"), and
finally draw aline from S to F.

The linefrom S to Ogives the direction
and speed of the objeball after thecolli-
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In caromgamespne-pocket and safeties at
pool, it is often important to control the

Newton on the Ba

of the 90-degree rule.

assumptions areften violated, and slightly
different diagramsmust beused.

It's rare forthere to be no change in the
translational energy. Usuallthere is some
change in the spins of the two balls during
their collision, so that translationahergy is
converted to rotationanergy owice versa;
to prevent that, yothave toeither hit a
straight — in stop shot, or you have to hit a stun
shot with just enough outside english that
the surfaces of the twdalls do not rub
together wherthey collide. When the balls
do rub together, somenergychangesrom
moving the ballsalong thecloth to making

themspin, or viceversa. Some also goes
to producing thesound of the hit, and
some warms up thealls; both of those
amounts are usually too small weorry
about.

In the Newton diagram, changes in
translational energy change tiseze of
the circle. In themajority ofshots, trans-

lational energy is lost, and the circle gets
smaller. This is true forshots where the
throw tends to decrease the cut angle:
inside English, center ball, or
little/enough outside English that the cue
ball still "slips forward" on the object
ball as ithits. If you useenough outside
english that the cut angle is increased
(which is easiest for nearly straight-on
hits), then some of the initial spin of the
cue ball ends up as translatiorstdergy,
and the circle can géfgger.
Diagram 2shows how this works. The
two diagrams drawn there are both for 30-
degree cut shots to the right. On téi the

speeds of both object ball and cue ball, andshot was hit wittcenter-ball. At thenoment

this diagram cashow you howthose speeds
vary with the cut angle (Thdiagrams tell
you only about the collision between the
balls, sothey apply directly tostun shots.
Follow or draw will affect the speed and
direction of the cudall; thoseeffectsmust
be "added on" to these).

of contact, the balls rubbed together, and the
friction from that rubbing threw the object
ball to theleft andimparted somelockwise
spin to each ba(SeeTech TalkApril 2000).
The throw has nceffect on thediagram,
since the lindrom S to O waglrawn in the
direction the objecdball actually traveled. It

_\Nhat assumptions lie behind this picture? takesenergy tomakes the balpin, though,
First, these diagrams assume that all theand that energgomesfrom theinitial trans-

action takes place in a singlelane. If the
cue ball isairborne, or isdifferent in size
from theobject ball, the slate enters thie-

lational motion of the cuéall; that makes
the circle smaller, so that ttiee from O to
F is shorter than tHame from S to |. Now the

ture in an intimate way and the diagrams are gnglefrom O to S to F itess than 9@legrees.
not as useful. Diagram 1 also assumes that On the right, the same shot was hit with

the cue and object balls have the samass,

heavy outside (left) English (The player

and that the total translational energy (ener- aimeddifferently than on théeft, so that the
gy of motion along the table) is the same gpiect ball would still leave in the same

before and after theollision. Theselatter

direction—toward the pocket). In this shot,



when the twdballs cametogether, theub-
bing betweerthem was in the othatirec-
tion; theobjectball wasthrown to theright
and picked up a little counter-clockwise
spin, and the cue ball lospin. Thetrans-

lations! energyincreased overall, so the

line from O to F idonger than tharom S ke

to I. Now, theanglefrom O to S to F is
larger than 90degrees; the separation
angle widens in thisase.

How big are these changes in separation 4 : . _' | L T |

angle?t's reasonable to think diemthis
way: thecueball always leaves at right
angles to the line between the two ball
centers at contact, while thebject ball
will be thrown to theright or left of the
line between centers. So, the changesem
arationangle are the same size as ttew
angles, andvith clean balls those ararely
bigger than fivedegreesThat argument is
not exactly right; some energyl@st to heat
and sound, and the balls daove slightly
during the time they are inontact so the
"line between centers" is notprecisely
defined, but it gives a gooestimate of the
maximum chang&om right angles.
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the cut, as is sometimes claimed. section with the object batlircle O. Draw a
If the cue ball and object balls do not linefrom Othrough C and on to the cue ball
weigh thesame, there is a dramasffect on circle; its intersection with the cioall circle
is F. Finally, draw théine from S to Rhat
shows the final direction argpeed of the
cue ball. Diagram 3 shows a heavy cue
ball (lefy and alight cue ball (right).
(Translational energy changes would
; make both circles smaller dbigger;
i \ ' | | Diagram 3shows the case where there is
no change.)
' ; If the cue ball isheavier, the separation
e - - # | angle varies smoothljrom zero for a
: straight — in hit to 90 degrees fovery thin
cut. A heavy cuedall produces'instant
follow"; the cue ball will start out moving
the cue-ball path. This situation is most com- forward of the right-angldine, even if it
mon on coin-operated tables, but caso  arrives with back spin, and befoféction
appear on other tables if the cue balnis- with the cloth has had areffect.
matched or worn. To dravthis diagram, If the cueball islighter than the objediall,
instead of placing point C at the midpoint of then you get "instamiraw." For astraight — in
the first line, you put it at the "balance shot, the cuévall will back upafter contact
point": the point where a lighstiff rod with even if it did not have any spifThink of
its ends at S and | would balance if the cue throwing a socceball at abowling ball). As
ball was put at | and thebject ball at S. In  the cut gets thinner, the separatinglewill
other words, the distance CI times the cuedecreasdrom 180degrees, and finally for

" S - e o

You can occasionally use these changes inball mass must equal the distance CS timesvery thincuts it will approach 90 degrees.

separation angle to maneuver around anthe object-ballmass. Thengdraw two cir-

obstructingoall in your path to thaext shot,
or even tatake afree caromshot at thenine
ball while still pocketing your main object
ball. The diagrams alsshowthat it is not

possible to make a cut shot without having Thendraw theline from S in theobject ball

the cue ballmove in thedirection opposite

For both heavy andlight cue balls, the
cles. Oneshould have itscenter at C and most dramaticeffects appear for shots near
pass through I; that is the "cue-ball circle." straight in. Because the separation angle
The other, the "object-ball circle,” has its changes dramatically with the cut angle,
center at C as well, but passes through S.carom shots are much modificult with
mismatched balls.

travel direction as before, and label its inter- —George C. McBane



