Pythagoras & Pool
Perpendiculars

by BOB JEWETT

EVERY BOOK |____' TN [EEE R T T
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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