“The New, Easy Way
_to Win at Craps”

for craﬁ shooters
who want every day
to be payday!

At last, 2 revealing, simplified goldming
of all the things ¥ou need to know about
dice play 1o be a happy winner. }

In plain people-to-people talk, it
leads you easily from the game's basics
all the way through the Tour simple Win
Plans that apply the sound methods of
play you'll learn.

Now, you'll know the truc secrel
of all successiul gamblers» what to bet
and whye#how to bet and whys how
much to bet and when « how Lo manage
your moneys=when and how to quil a
winner . .. and much, much more.

Think about it. How much could this
information be worth 1o you? 1Us yours
for only 3200 And, you could save many
times that the next time you play.
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fng! I won 3700 the first 10 minuges. . "
— “The besr book ['ve read on the sub
Jeer .7 — “Certginly recommend it to
the tourist or visitor here {Las Vepas) . .. "
— "A musr .. . interesting reading, con-
tains many valuable secrets . .."" = “Ac-
curare and informative marerial , .7 -
“You are certifiobly g genius, champ!"

Mo-risk guarantee. It's no gamble!
If you're not completely satisfied, re-
turn the book within 30 days for a full
refund with no questions asked.

Free gift worth over $300! Order
within 10 days and get a Las Vepas
jumbo fun pack absolutely free. That
puts you 3280 ahead right away.

Honestly, now, can you afford to miss
out on such 3 sure bet? For only 3207
Send for your copy today. You'll be
glad you did. That's guaranteed.
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The Mathematics
of Gambling

Physical Prediction of Roulette 111

& 1879 by Edward 0. Thorp

by Edward O. Thorp

I will now take you through a
simplified version of what we first
tried to do. Later, with that over-
view to guide us, I'll explain some
of the modifications we had to
make and describe our casino ex-
periences.

First, let's consider part 1, the
motion of the ball on the track. The
actual function =xft) which de-
scribes the number of remaining
revolutions x wversus the remain-
ing time ¢ is theoretically wvery
complex.

For this first simple discussion,
let's suppose x(t)=a expibt] + ¢
where a, b, and ¢ are constants and
exp is the exponential function.
This is one of the simplest math-
ematical funetions that has the
right “shape.” (Note: Mathematic-
al readers may wish to redo this
discussion using the quadratic
xft)=at® + bt + ¢ to see the dif-
ference.)

I recall that the ball velocity at
the point where it fell from the
track was about 0.5 revolutions per
second (r.p.s.) and that ten revolu-
tions earlier it was about 2 r.p.s.
Using this and the choice t=0
when the ball leaves the track gives
a=10/3, b=53/20, and e=—I10/3.
Thus, x(t)=I10exp(3t/20) — I1)3
in r.p.s., and this gives an angu-
lar velocity v in r.p.s. of uft)/=
Yexp(3t/20). Figure 1 shows a
graph of x(t).

Our first problem, and the key
one, was to predict when and where
on the stator the ball would leave
the track. This problem was key
because once we knew this, every-
thing else except rotor velocity was
a “constant.” And rotor velocity is
easy to measure in advance and in-
corporate into the prediction, as we
shall see. Our method was to meas-
ure the time of one ball revolution.

If the time were short, the ball was
“fast’’ and had a long way to go. If
the time were “long,"” the ball was
“slow’ and would soon fall from
the track.

We hit a microswitch as the ball
passed a reference mark on the sta-
tor. This started the electronic
clock. This was at time t, (to go)
with x;, revolutions to go. (There
are many such “‘marks’ awvail-
able on all actual casino wheels.)
When the ball passed the reference
mark the second time we hit the
switch again, stopping the elec-
tronic clock. That was at time ¢,
(left to go before the ball left the
track), with x, revolutions left. The
clock measured ¢, — £, the time T
for one revolution (so x, — x,=I) A
caleulation shows, for our illus-
trative xft) function, that x,/T)=
Ifexp(3T/20) — 1) — 10/3. Thus,
from T we can predict the number
of revolutions until the ball leaves
the track. For instance, if T=1 sec.,
we predict the ball will leave the
track in x/l)=I1Nexp(320) — 1) —
10/3=2.85 revolutions after the
switch is hit the second time. If in-
stead T=1!% sec, then we predict
xf44)=8.51 revolutions.

Movie Experiments

The function x(t) which we are us-
ing in this illustration is not the ac-

“tual one. The actual x(#) can be de-

termined by a “movie experiment”’
like the ones 1 described earlier
which I did in 1959 on my half-size
wheel. To do this experiment to-
day, get a full-size roulette wheel, a
large clock which reads accurately
in hundredths of a second or better,
and a video camera or movie cam-
era. Then take a movie of the orbit-
ing ball. The successive frames
give values for ¢ and xft), which can
be plotted to get an x(#) curve like



that of figure 1. Several movies
should be made to see how much
the xft} curve varies from one spi.u
to another. This uncertainty is a
source of error, much like the tim-
ing errors in T, that
1'll discuss later on. These x(t) er-
rors can be incorporated into the
theory in the same way as the tim-
ing errors. They each cause some
uncertainty in the predicted x,T)
value. The data from the movie ex-
periment can be improved if the
camera frames are sychronized to a
strobe so that the motion of both
ball and clock is “stopped” rather
than blurry. Id.ldntduthlsmm]r
original movies, so I got a short
blurry arc, instead of a ball, in each
frame.

If an appropriate clock is not
available, you can use a high quali-
ty phonograph turntable instead.
These rotate at very uniform
speeds which can be verified for
your turntable with a strobe. Now
get a stiff paper disc and mark the
edges in equal small units. Number
these units (much as you would a
“eircular™ ruler) for ease in read-
ing. Now place a thin fixed point-
er just above the disc. When the
disc rotates, you have a very accu-
rate clock whose hand is fixed and
whose face moves. If you use a pa-
per disc of polar coordinate graph
paper (glued, perhaps, to an old
record), there will be 360 equally
spaced degree marks.

At 33% r.p.m., each mark is
1/200 sec. At 45 r.p.m., each mark
is 1/270 sec., and at 78 r.p.m., each
mark is 1/468 sec. On a 12-inch
disc, the 360 marks will be spaced
about 2 tenth of an inch apart so
additional marks can be used or
the pictures can simply be read to

a fraction of an interval. Record
test discs with equally spaced
“spokes,” for use with a strobe for
testing turntables, are also availas-
ble and can be used.
Timing Errors

Shannon and I used the switch
which measured T to flash a strobe
as well as start and stop the clock.
We discovered the lights and the
strobe flash *‘stopped’’ the ball at
each of the two instants the switch
was hit. This allowed us to see how
much the ball was off the reference
mark. Since we knew approximate-
Iy how fast the ball was moving, we
could tell about how much in time
we were early or late in hitting the
switch. This enabled us to correct
the times recorded on the clock,
thereby making the data much
more accurate. We also learned
from the visual feedback how to
become much more accurate at

Here's an illustration. Suppose
the track of the wheel was 25 inch-
es in diameter. (I don't have any of
this equipment now so I'm remem-
bering back almost 20 years and
recalling about what the sizes, ve-
locities, ete. seemed to be. TheyT
be close enough to be representa-
tive and good enough to show you
how to do it all again, better for
yourself if you want to.) Suppose
the ball is % inch in diameter and
T, the time for one revolution, is
0.8 seconds. Then the track is 78.54
inches in length, or 98.17 ball diam-
eters. If the ball center is one diam-
eter away from the reference mark
when the strobe flashes, then the
timing error is about IFQEITnfT
or about 8/1000 of a second. There
will be one of these errors when the
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FUN CASINOS
Jackpot, Nevada.

Blackjack Flashcards...
big hit in Vegas

Hundreds are re-
porting they are
now WINNING at
BLACKJACK due to a NEW com-
puterized basic strategy using
FLASHCARDS rather than com-
plicated hard to learn charts. The
secret? You see the cards exactly
as played in the casinos. On each
Flashcard, you see the dealer
UP card vs. the two player cards.
Proper play is on back. There is
a flashcard for EVERY possible
play. Readers report learning basic
strategy TEN TIMES FASTER. 220
Flashcards, master chart, instruc-
tions, $14.95. Flash “21"”, 1541 E.
Harmon, Las Vegas, Nev. 89109

LARGE PROFITS &
TAX BENEFITS from
OIL & GAS LEASE-RIGHTS
ON PUBLIC LANDS

Tax deductible entry fees of only $25.00
could yield you immediate profits of
$20,000.00 to over $100,000.00 plus
possible large future income from over-
riding royalties.

0il & Gas Lease-Rights on Public Lands
are awarded each month through Draw-
ings conducted by the Bureau of Land
Management to provide all Citizens
Equal Opportunity.

For complete information call or write:

FEDERAL OIL & GAS LEASES, INC.
Geological & Market Evaluation Services
2595 L-B.). Freeway

P.O. Box 29119, Dept. GT
Dallas, Texas 75229 Ph. (214) 2434253

Call i=ll fres B00-537-2654 wescept from Teuas
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switch is first hit and another when

it is hit the second time. With prac-

tice we were able to reduce each er-

ror to a typical (root mean square)

size of one ball diameter or about_
8/1000 seconds. According to the

theory of errors, the two errors to-

gether give a typical (root mean

square) size of 8,2/1000 or about

11.2/1000 seconds.

These errors would be unobserv-
able in casino play, so we couldn’t
correct for them there. How much
do they affect the predictiofi?
(Math readers: dx/TVdT=—(3z/T)
+ 10F/60.) 1t can be shown that for
the x(t) of this example, the error

£ x{T) in the prediction of x,/T) due
to an error AT in measuring T, is
given by A x,(T)=—(3x,(T) +
10FT/60=—3 T/{20fexp(3T/20) —
1F}. For instance, if T=0.8 sec. and

&£ T=00I2 sec., we have a predic-
tion error ofAx0.5)=0.11 revs or
4.2 numbers on the wheel. In our il-
lustration T=0.8 sec. means
x,T)=451 revolutions to go. The
time to go is (20/3)log, (3x,(tV10 + 1)
or 5.70 sec. We have somewhat less
time than this to bet.

A Simple Casino Countermeasure

It should be clear that for this
method to work, we have to time
the ball (and rotor) before placing
our potentially winning bets. (Ear-
lier bets are losing, on average, so
are only camouflage.) Thus, the ca-
sino must allow us to continue
to bet for a time after the ball is
launched. I have observed roulette
wheels all over the world: Mon-
te Carlo {our final goal), Nevada,
Puerto Rico, Nice, Venice, and
London. The practice has been,
generally but not always, to al-
low bets until the ball was almost
ready to fall off the track. This was
much longer than we needed. Be
warned again, though; all the casi-
no needs to do to prevent our meth-
od is to forbid bets once the ball
is launched. That simple perfect
countermeasure is the Achilles
heel of the system and a major rea-
son why I never made a total effort
to implement it. (People who use
the system in casino play say the
casinos don't catch on and don't
use the countermeasure, But if the
player is not really careful I would
expect the casino to catch on.) gi

{To be continued.)
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ASK OUR EXPERTS
Continued from page 8

i

the draw, and no one else called or
saw the raise, he would be required
to show that he has the required
minimum holding or else he forfeits
the pot. However, any other player
can have whatever hand he chooses
to have without any minimum
holding, and he would not be re-
quired to show that he had jacks or
better to claim the pot.

Q: Are place bets working at a
craps table on the come-out roll? |
keep reading different and conflict-
ing opinions about this, and I'd like
You to set me straight.

TYW
A: In practically all casinos, place
bets are not working and are “off"
on the first, initial, or come-out
roll. Once a point is established,
then they work and are either lost
Er paid off, whichever the case may

e.

Q: In keno, does one particular

number come up more frequently

than any other number? If so, could

you let me know what that number
is?

AR

Cleveland, OH

A: Assuming that the numbers in
keno are selected at random, no one
number in the long run will show
more than any other number, but
even if this wasn't the case, there is
no way I could answer your ques-
tion. Which keno game would you
be talking about? In what casino?

Some astute players keep track
of the numbers that come up in cer-
tain keno games, because, through
the machinery or through the selec-
tion process used by the operator,
the ping pong balls holding the
numbers may show a bias, either
through use, dents, or for some
other reason. But, overall, the
game of keno, per se, has no single
number showing up more than any
other number.

Q: [ recently read a book in which
the author states that by 1979, the
LR.S. is supposed to report to Con-
gress alout the advisability of
withholding taxes on gambling
winnings. How can that be done at



