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1 ACAN Trick: Any Card, Any Number

1.1 Ingredients
e 27 distinct cards (e.g. 26 regular playing cards and 1 joker)
e 1 magician

e an audience, with 1 or 2 volunteers

1.2 Procedure

1. The magician asks the/a volunteer to select 1 card, keeping it secret for
the magician.

2. The magician asks the/another volunteer to pick a number N from 1 to 27
(inclusive), and announce it. It is recommended to write this number
down.

3. The magician now announces that the selected (secret) card will be moved
to the selected position in the deck.

4. The magician writes N — 1 in ternary notation (zyz = 9z + 3y + 2, using
only digits 0, 1, 2), reverses the digit order, and interprets the digits as
0=Top, 1=Middle, 2=Bottom as recipe.

N | N—1 | Recipe N | N—1 | Recipe N | N—1 | Recipe
1 000 TTT 10 100 TTM 19 200 TTB
2 001 MTT 11 101 MTM 20 201 MTB
3 002 BTT 12 102 BTM 21 202 BTB
4 010 TMT 13 110 TMM 22 210 TMB
5 011 MMT 14 111 MMM 23 211 MMB
6 012 BMT 15 112 BMM 24 | 212 BMB
7 020 TBT 16 120 TBM 25 220 TBB
8 021 MBT 17 121 MBM 26 221 M BB
9 022 BBT 18 122 BB M 27 222 B BB

5. The magician repeats the following 3 times:
(a) Lay out the cards, row-by-row, starting top left, in 9 rows of 3 cards.
Each row partly overlaps the preceding row, clearly making 3 columns.
(b) Ask the (first) volunteer, in which column the selected card appears.
(c) Collect each column into a piles; while turning the piles over, put the

selected pile into the position indicated by the recipe.

6. From the pile of face-down cards, the magician counts off N — 1 cards
(face down), and shows the N-th card face up. This is the selected card.



2 A Five-Card Trick

2.1 Ingredients
e 1 complete deck of 52 regular playing cards (4 suits with 13 values)
e 1 (trained) assistant, 1 magician

e an audience

2.2 Procedure

1. The magician asks the assistant to let (5 volunteers from) the audience
pick 5 cards from the deck.

2. The assistant lays these cards in a row, with the leftmost card face down,
and the others face up (further details below).

3. The magician then looks at the face-up cards, and announces the face-
down card (further details below).

Card suits are ordered: Spades (#), Hearts (), Clubs (&), Diamonds (<)

oV &G

Card values are ordered: 1, 2, 3,4, 5,6, 7,8,9, 10, J (11), Q (12), K (13 =0)
Cards are ordered first by suit, then by value.

Assistant
1. Picks a same-suit pair from the 5 cards. Their values differ d < 6. Pigeon-hole
K rinciple
2. Places the (cyclicly) higher card face down on the left. 90T P P
10 3
3. Places the (cyclicly) lower card rightmost. % &t
76
4. Assuming A B C is the sorted order of the remaining 3 cards, permutes
them for rank d (see table), and places them between the other two cards.
d | Permutation d | Permutation d | Permutation
1 ABC 3 BAC 5 CAB
2 ACB 4 BCA 6 CBA

Magician
1. Deduces the suit of the face-down card from the rightmost card.
2. Deduces the distance d from the permutation of middle 3 cards.

3. Deduces the value of the face-down card by adding d to the value of the
rightmost card.

Practice on-line at http://www.win.tue.nl/~wstomv/misc/cardtrick

M. Kleber, R. Vakil. “The Best Card Trick”, Math. Intelligencer, 24(1):9-11


http://www.win.tue.nl/~wstomv/misc/cardtrick

3 Ulam’s Game: Number Guessing with Lies

3.1 Ingredients
e 1 magician

e an audience, with 1 or 2 volunteers

3.2 Procedure

1. The magician asks the/a volunteer to pick a number N from 0 to 15
(inclusive), and announce it. It is recommended to write this number
down.

2. The magician asks the/another volunteer 7 Yes-No questions, where at
most 1 lie is permitted. Is you number one of these?

@[ [t [3]4] [of [8] J1of [ [18] [15]
Q[ [t]2] [ [sfe6] [8] | [uf12] [ [15]
QI [ [ [ [ [ [ [8[oft0]11]12][13]14[15]
Qe[ _[1f2] [4] [ [7] [ofw] J12] | [15]
Q| [ [ [4fsfef7r] [ [ | [12[18]14[15]
Q| [2[3] [ [ef7] [ [woJuu] [ [14[15]
Q[ _11] [3] [5] [7] [of [Juf [18] [15]

3. The magician writes down the answers A;, does a little calculation, and
announces the number N, and which answer was a lie (if any).

Calculation The magician places the answers in the 3 circles of the diagram:

\/

The magician makes each circle with an odd number of No’s red. A lie is inside
all red circles, and outside all non-red circles. A lie can now be corrected. The
number N = 8A3 + 4A5 + 2A6 + A7.



4 Shamir’s Three-Pass Protocol

4.1 Ingredients

e 1 strongbox

e 2 padlocks with different keys

4.2 Procedure
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5 Zero-Knowledge Match Making

5.1 Ingredients
e 5 sectors, 2 of one type (“head”), and 3 of another type (“line”)

e 1 spinner
e 1 magician

e an audience with 2 volunteers

5.2 Procedure

1. The magician asks for two volunteers who want to decide on whether to
go to MoMath together, in a face-saving way.

2. The magician gives each volunteer two distinct sectors.

3. Each volunteer places the two sectors side by side, making an “arrow” that
points toward the other for “Yes”, and away from the other for “No”.

4. The magician places the remaining sector upside-down on the spinner (at
6 o’clock), and lets the volunteers add in their sectors, also upside-down.

5. The magician spins the spinner and turns it upside down.

6. The outcome is determined as follows:

0no

See: http://demonstrations.wolfram.com/ZeroKnowledgeMatchmaker/


http://demonstrations.wolfram.com/ZeroKnowledgeMatchmaker/

Five-card Trick: Exercises for Assistant

Given two cards of the same suit, determine the lower and higher value, and
their distance (on the clock). That distance is always between 1 and 6.

Cards | Lower value | Higher value | Distance d
® 28 2 7 5
36 6M
109 JO
QO 80
10d 4
K& J&
8O KO
JO 5O
26 QM Q 2 3 (not 10)
K& 16
30 JO
QY 10
Ok 2&
I K
1o JO
5¢ QO




Given three cards, put them in sorted order.

Cards Sorted order
20 1& 36 |36 20 1&
60 40 S
HO B$ 10
Ve 10& 2O
36 70 36
B& 3% Gk
96 4 VO
Given three cards (in sorted order), permute them to encode the given dis-
tance d.
Sorted order Distance d | Encoded order
36 20 1O 4 20 15 34
Vé 10& 2O 1
0 & 4O 2
o6 106 VO 3
10 VO Bé& 4
3¢ 70 BO 5
14 70 3O 6

Given five cards, choose which card to put face down, and in what order to put
the face-up cards?” NOTE: There can be multiple solutions!

Cards d Order
34 30 1% 4O 20 |4 20 1% 34 4O
45 Sk 246 60 Ké
JO 108 10 KO 1%
10 104 25 Jo& Qb
50 70 14 3O QU
KO Gh 3% 90 Jk
Sh 98 QU Q& 94




Five-Card Trick: Exercises for Magician

Given the lower value and the desired distance, determine the higher value (on
the clock).

Lower value | Distance d | Higher value
2 5 7
8 3
3 6
6 4
J 2
7 5
Q 1
7 4
Q 3 2
B 4
K 1
J 3
10 5
K 2
10 6
9 5




Given three face-up cards, which distance d do they encode?

Face-up cards | Encoded distance d
20 1& 36 4
60 4O S
HO BO 19
Ve 10& 2O
3 70 1é
B& 3& G6h
o6 Se VO

Given four face-up cards, which distance d do they encode, and what is the
face-down card?

Face-up cards

Encoded distance d

Face-down card

20 1% 34 4O 4 8¢
60 4O & Ké
KO BO 10 10&
QA 10% 20 104
30 0 14 QU
J& 3% Gk 9O
96 36 QU 94

10
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