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When runaway magician Persi Diaconis 
            got his hands on a dusty statistics book, 
      the laws of gambling changed.



home life was unhappy, his future seemed 
promising. He excelled in school. He secured 
a scholarship to a violin program at Juilliard. 
But his heart was clearly in magic. When 
Vernon saw the boy’s rare skill with cards, 
he invited him to become his apprentice. 
Diaconis jumped at the offer to hone his 
craft and plumb the secret underworld 
of magic. 

A few years into his journey, Diaconis 
received a hot tip from a fellow magician—to 
truly understand cards, he should pick up a 
classic probability theory book by William 
Feller. But when Diaconis located the text, he 
found it incomprehensible. He didn’t have 
the mathematical base to understand it. So, 
he decided to enroll in night classes at City 
College of New York. 

Along the way, two incredible things 
happened: The fi rst was that his high school 
teachers conspired to help him because of 
his extraordinary intelligence. As he told 
Statistical Science in a 1986 interview, “[I] 
went into school and I said, ‘Did I somehow 
graduate?’ ... and the assistant principal said, 

‘Oh, Diaconis. Yeah, 
the teachers got to-
gether and decided 
it would not do you 
any good to cause 
you trouble, and 
they just decided to 
give you grades and 

graduate you.’ ” Suddenly, it was easier for 
him to get into college.

The second bit of luck came in the form 
of a relationship with Scientifi c American 
columnist and puzzle-making legend Martin 
Gardner. Diaconis had befriended Gardner 
years earlier, in a magic shop. But when 
Diaconis set his eyes on a graduate program at 
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 If there’s one thing Persi Diaconis 
knows, it’s how to stack the deck. 
The magician-turned-mathema-
tician has dozens of ways to fake 
shuffl e, force cards, and trick 
people into believing the aces in 

their hand are there by pure chance. But 
right now, Diaconis isn’t talking about the 
events he’s fi xed: 

“Is anything random?” Diaconis asks a 
crowd at Wonderfest 2008 in Northern 
California. He speaks with a quiet pep and a 
twinkle; as a lecturer, he clearly profi ts from 
his early years onstage. 

The mathematician wants to understand 
chance. Is a coin fl ip random? When you 
play blackjack in Vegas, do those automatic 
shuffl ers really spit out a random set of 
cards? And the logical next question, at least 
in Diaconis’s mind: How can we quantify 
randomness for a number that’s bigger than 
the universe? The answers are rooted in 
magic, in a story that begins with Houdini.

The Trick
Harry Houdini once issued a challenge to 
all magicians: Show me a trick three times 
and I’ll tell you how you did it. No one ever 
fooled him. Then one day in 1922, an up-
and-comer named Dai Vernon presented 
Houdini with a deck of cards. He had 
Houdini pick a card and initial it “H. H.” 
Vernon jammed it back into the middle of the 
deck, then instantly fl ipped the top card: It 
was Houdini’s. Flabbergasted, Houdini asked 
him to repeat the trick a second time. Then a 
third, fourth, fi fth, sixth, and seventh. Houdini 
went to the grave without an answer. 

The feat cemented Dai Vernon’s status as 
the world’s premiere sleight-of-hand artist. 
Marketing himself as “The Man who Fooled 

Houdini,” the New York City–based magi-
cian spent decades inventing tricks, search-
ing for other card experts, and mentoring 
young magicians.  

In 1959, he met 14-year-old Persi 
Diaconis. The boy had become obsessed 
with cards, spending his time in magic shops 
and perfecting his trick shuffl es. Though his 

Harvard, and no one at City College was will-
ing to write him a recommendation, Gardner 
called in a favor. He reached out to Frederick 
Mosteller—a prominent statistics professor 
and avid magician. As Gardner writes in his 
autobiography, “[Diaconis] visited Fred for 
an interview which I suspect most of the time 
was spent with a deck of cards. Soon Persi was 
at Harvard.”

The core theme of Diaconis’s research 
while there? The problem of randomness. 

What Happens in Vegas
Perhaps the biggest question to vex Diaconis 
is: “How many times do you have to shuffl e 
a deck to make it random?” The numbers 
are almost too large to comprehend. To clar-
ify the problem, he suggests thinking about 
a mini-deck of only four cards. There are 24 
possible combinations of this sequence:

Ace, Two, Three, Four
Ace, Two, Four, Three
Ace, Three, Two, Four
Ace, Three, Four, Two
...
... etc., more easily expressed as four 

factorial, or 4!, or 4 x 3 x 2 x 1 = 24.
To test whether shuffl ing three times is 

enough to randomize the mini-deck, you 
could shuffl e the cards three times and then 
scribble down the resulting pattern. You 
could then hire an unpaid intern to repeat 
the process and record the results 24,000 
times. If in fact shuffl ing the set three times 
before every deal randomizes the mini-deck, 
you should see each of the 24 possible pat-
terns appear 1,000 times. 

But with a normal deck of 52 cards? 
Forget it. There are 52! possible combina-
tions—52 x 51 x 50 ... x 2 x 1—which is 
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“If all the atoms in the world were 
little computers ... never once would 
they go through all the arrangements 
of a normal deck of cards.” 
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Imagine that you’ve just received this 
letter, along with a deck of cards:
 

“Hi there, reader of mental_!loss. 
Take the deck of cards out of its case 
and shu! le it. Then cut the deck—it 
doesn’t matter where—and shu! le it 
again. Give it a few more cuts.

After all that mixing, I’m sure you’ll 
agree that no human alive can know 
the top card. Take the top card, look 
at it, remember it, then stick it into 
the middle of the deck—anywhere is 
"ine. Give them another cut, then an-
other shu! le, just for good measure.

Please mail the deck back to me, 
and I will tell you your card.

—P.S. This is important: At 6 p.m. 
every evening, please concentrate 
on your card.”

Before jumping to the secret, let’s 
walk through the actual mechanics 
of a ri" le shu" le, as explained by Dia-
conis (see illustration). Let’s say that 
the cards are arranged ace to king 
of hearts, then ace to king of spades, 
then clubs, then diamonds. When you 
shu" le the deck, you split it (roughly) 
in half, then interlace the top half with 
the bottom. 

Even though the two halves are 
interspersed, there are still two “rising 
sequences.” When you shu" le a second 
time the pattern still exists, but it’s di-
luted into four rising sequences. A third 
shu" le yields eight rising sequences. 

Back to our trick. Here’s what Dia-
conis didn’t tell you: he already knew 
the deck’s starting sequence before 
he mailed the letter. Since he only 
instructed you to shu" le three times, 
the deck is not randomized and it’s 
simple to decode—the magician just 
deals the piles of rising sequences 
and the answer becomes clear. 

As Diaconis reveals: “When the 
performer gets the deck back, the 
chains can be undone by playing a 
kind of solitaire.... As you go through 
the deck you will form eight piles, 
each of size about one-eighth of the 
pack, and a ninth pile, of size one, 
containing the selected card.”

Presto. Magic. Math. 

Magic Tricks by Mail

-----------------------------------------------------------------------------------------
Trick credits: Paraphrased and adapted 
from Magical Mathematics by Diaconis and 
Graham, who attributed it to the 
magician Charles Jordan, who, in turn, 
adapted it from C.O. Williams, who hatched 
the idea in 1913.

After solitairing out the deck, your card is revealed!

The piles of rising sequences

approximately 1068. How much is 1068? 
Diaconis calls the number bigger than “the 
number of particles of the universe.” It’s 
too big for computers. He adds, “If all the 
atoms in the world were little computers all 
working together, never once would they go 
through all the arrangements of a normal 
deck of cards.” 

In the early 1990s, Diaconis and his col-
league David Bayer leveraged earlier work 
on randomness to create a more abstract, 
mathematical model. While shuffl ing a 
deck fi ve times helps achieve randomness, 
Diaconis and Bayer proved that “the transi-
tion from order to chaos happens at about 
seven shuffl es.”

This begs a follow-up, and Diaconis is 
humble enough to say it himself. “I’m going 
to ask a question that we very rarely allow 
ourselves to ask in public.” He pauses, then 
points to an overhead projector that reads: 
“Does it Matter?” The crowd chuckles. 

So, does it matter? Three shuffl es, seven 
shuffl es, 10 shuffl es? What difference does 
it make? 

Aside from pure intellectual curiosity, 
there’s the oldest motivation in history: 
Cash. Lots of it. If cards are not properly 
randomized, then gamblers can gain the 
tiniest edge in counting cards, exposing 
casinos to millions of dollars in potential 
losses. Sure enough, Vegas caught wind 
of Diaconis’s work, and the company 

top and do some combination of 
shuffl es so that the dealer gets the 
aces when fi ve hands are dealt 
around? While eminently practi-

cal, the last question is a math problem.”
The math—which Diaconis admits is 

“cryptic” and includes statements like 
“First, let r be the integer that satisfi es 
2r-1 < 2n � 2r ”—permits an understanding 
of how to rig a deck of cards. “Neat shuffl es 
are a real marriage of magic and mathemat-
ics. Discoveries have come from both sides.”

Over the years, Diaconis has conducted 
a whole host of fascinating and practical 
studies. He’s determined that coin tosses 
are never truly random (see page 41). He’s 
investigated dice games. And when a New 
Jersey woman won the lottery twice in four 
months, and the press dubbed the event 
a “1 in 17 trillion coincidence,” Diaconis 
and Mosteller crunched the numbers. 
The professors determined that because 
so many people play the lottery daily, the 
chances of such an occurrence in the United 
States were closer to one in 30. Armed with 
formulas, they concluded that “with a large 
enough sample, any outrageous thing is apt 
to happen.” As Diaconis continues to rack 
up prestigious awards for his innovative 
research, the theory certainly seems to ring 
true: Maybe the path from unhappy boy in 
a magic shop to MacArthur Genius Fellow 
isn’t so random.

Shuffl e Master, Inc. hired him 
to evaluate their machines. His 
conclusion: The devices didn’t 
work. The company redesigned 
accordingly, and Nevada even changed its 
laws. In the pre-Persi era, dealers manu-
ally shuffl ed four or fi ve times. Now they’re 
required to do seven. 

From Math to Magic
Magic tricks aren’t just a means of illus-
trating math, or gaming Vegas. The tricks 
themselves spawn advances in mathematics, 
and those advances give birth to addi-
tional tricks. Take the “perfect shuffl e.” If 
you’re good with your hands and have a 
few months to kill, you can teach yourself 
to riffl e-shuffl e the cards so that the two 
halves alternate perfectly. After eight perfect 
shuffl es, the cards go back to the exact 
sequence you started in. If you know the 
starting sequence, this can be useful. 

“Consider an ordinary pack with the four 
aces on top,” Diaconis and fellow mathemati-
cian Ron Graham write in their book Magi-
cal Mathematics. “After one perfect shuffl e, 
the aces are every second card. After two per-
fect shuffl es, the aces are every fourth card. 
Thus, if four hands are dealt out, the dealer 
gets the four aces.” This comes in handy if 
you’re a magician, or if you want to cheat at 
poker. Diaconis and Graham then ask, “Is 
there a way we can start with four aces on 

MORE: Want to see 
the trick that fooled 
Houdini explained? 
We’ve got the secret at 
mental!loss.com/more

Original Deck Shu! led TogetherCut Into Two Pieces


