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This month we're going tolook into
details of the physics of straigdtaw and
follow shots.Don't worry about equations
and algebra — most of the workdsing to
be done by a simple graphicedol. Next
month the study will beextended to cut
shots withdraw andfollow, and thetool
will show usimmediately the angle the
cue ball will take for any cut angle and
any amount of draw dollow.

The basic notion of the tool is that any
ball has a speed and a roll, and these can
be shown on diagram withtwo arrows. |
A simple rulewill tell us how the speed
and spinchange ifthey don't "match.”
Consider a cue ball rolling smoothly on
the cloth. From itscenter, we draw an |
arrow in thedirection of its movement |
with a length that shows its speed.
Physicists call such an arrow \&ctor,
but we'll stick with "arrow." 1

We will also represent theollow or |
draw on theball with anotherarrow.
Let's call this the spin arrow, while the
first one will be the speed arrow. The
speed arrow ishown as a solid arrow,
while the spin arrow is showmith a
dashedline. Since rolling smoothly on
the cloth is the natural state of the cue
ball, let's make the two arrowequal in
thatcase.

The arrowdiagram for our rolling cue
ball is inDiagram 1. The two arrows are
the same length and in the same dired
tion. How fast is the ballgoing? That
depends on the scale of theows. As we'll
see belowmost of the resultgive ratios of
speeds, so each diagramill apply to all
balls in aparticularsituation without regard
to the actual speed or spin. Fo@ample, all
smoothly rolling balls have ararrow dia-
gram likeDiagram 1, regardless of speed.

It's pretty clear that a smoothly rolling
cue ballwill remain like that until it hits
something, so the two arrowsill remain
matched. Suppose this cumll hits an
object ball full. What is the arrow diagram
for each ballright after the collision? In
Diagram 2, the object ball is shown on the
right and the cue ball on the left. At first,
the objecball has aspeedequal to the orig-
inal speed of the cukall and no spinjt's
sliding on the cloth. The cubkall is the
opposite; it has nepeed butetains all of
the follow it hadust before thecollision.
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Converting spin to speed.

ond or two afterwards? We dthow from
experience that thebject ball will pick up
smooth forwardoll, while the stopped cue
ball will acceleratdorward with its excess
top spinuntil it too is again rolling smooth-
ly on the cloth. The two arrows f@ach

ball will match when each ball reaches that

Diagram [

‘

state, but what happens in the interim?

The amazingly simple rule that describes

how spin andpeed change to matchtligs:

the tips of the two arrows move towards

each other at a constardte, and thespin
arrow moves two and a half timefaster
than the speed arrowDiagram 3 shows
how the arrows changeith time — per-
haps in each tenth of a second. Ontte
the object-ballspeeddecreaseswhile the
spin (forwardroll) increases. Similarly, the
cue-ball spinpartly turns into speed. Note
that the spinchanges morg¢han the speed
on eachball, by that factor of two and a
half.

The actual rate awhich spin and speed
balance is determined by thé&iction
between the cloth and thmalls. Onsticky
cloth, the transition periodill be shorter;
on slipperycloth, orwith waxedballs, the

How do these diagrams change the sec-equilibrium will takelonger tooccur. The
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first surprisingresultthat we can sefrom
these diagrams is that for ofull-follow-
shot case, the cudéall and the object ball
will reach smooth rolling at the same
instant, because the tveets of arrovheads
begin with thesame separation.
Also note in thediagram that theobject
1 ball ends up with more speed than the
| cue ball. This is because of ti#&5:1
| ratio of how quickly the arrow heads
change. This ratio is determined by how
efficiently a solid sphere (like a pool
| ball) stores energy in rotation compared
to simple forwardmotion. Theration of
final speeds is als®.5:1, and if we
square this we get thetio of how far
the ballswill travel, or6.25:1. Thisfac-
tor was discussetere in December of
last year and isuseful to know when
playing soft-follow shape; the cuéall
| will go forward about 1/6 as far as the
objectball is driven.

Of course, if the cuball had ndollow

| or draw when it hit the objedtall, it

| would haveneitherspeed nor spin after

| the collision, and itvould have no rea-
son to move. Suppose the cobal had
"perfect" draw. Then its spinarrow
would be back awayfrom the object
ball, andwould bejust aslong as its
speed arrow atimpact. The spin-to-
speed transformation woulthke place
just asbefore, but in the opposite direc-
tion. (Remembethat "perfect" draw is
defined agust asmuch spin as eolling

ball but back spin rather thdollow. It is

about the limit of what yoput on the cue

ball with a levelstick.)

What would happen if the cudall had
only partial naturalroll when it struck the
objectball? If you knew how muckollow
it had, you coulddraw the spin/speed
arrows for it and find the finaksult. Try an
examplewith "half-follow" on the cue ball,
which you can get by striking the cue ball
at about 6 mm above its center. For bonus
credit: how farwill the cue ballmove for-
ward compared to the object ball fthis
half-follow case?

Where is side spin in all dhis? Hiding.
Until the cue ballhits a cushionside spin
has almost no effect. Tridynamics ofiraw
and follow shots are unchanged by the
presence of sidspin on the cudall.

As a last example, consider a chall
that'sstruck with perfectdraw, but without
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an object ball close by. ltarrow diagram
is shown inDiagram 4, as is the time
development of thepin and speed. If you
go through theatios, you'lldiscover that
the cueball ends up rolling abnly 3/7 of
its initial speed, and ivill go only about
20% as far as a balhat'sbeen struck for

"perfect” follow at the same stick speed.

This explains the working of th&drag"
shot, in which you shoot a lorghot hard-
er but with draw so roll-oftan'thurt you
so badly but you castill land softly on the
distant shot.

In nextmonth'scolumn, we'll extend this
idea to cover draw and followvith cut
angles included. Thisill let you plan any
carom with anyamount of draw ofollow
— theoretically, at least. The diagramil
help explain the working reasons for sever-
al draw and followssystems thahave been
covered in previousolumns.

Bob Jewett is a partner in the San
Francisco Billiard Academy, which offers
classes at all levels from beginning players
to advanced instructors.
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