the first visitor

from outer space

will probably use
a Nikon F

Like any other traveller, he will
want a complete picture record of
his terrestrial trip. His list of subjects
will be long and varied — babies,
beetles, bon-bons, H-bombs, tri-
cycles, cyclotrons, primates, prime
ministers—ad infinitum.

He will soon discover that no camera
is better equipped to cope with so
great a variety of picture problems
than the Nikon F automatic 35mm
reflex—and none that can match its
selection and quality of optics. He
will find that he can choose from 20
interchangeable Nikkor lenses rang-
ing from 21mm ultra wide-angle to
1000mmsupertelephoto—and obtain
any angle of view from 2°30/ to 92°.

He will also welcome the unique
versatility of the Nikon battery
motor drive with which he will be
able to operate the camera auto-
matically — in-hand or remotely —
manually, by radio control, inter-
valometer or other triggering device.
The motor will fire single exposures
or continuous exposure sequences at
any desired rate up to 4 per second.

If your picture requirements or
photo documentation needs demand
equipment versatility, infallible
camera performance and optical
quality, make it a point to investi-
gate the Nikon F automatic reflex at
any Franchised Nikon dealer. For
prices and details write Dept. SA7.

NIKON INCORPORATED, 111 5th Ave,, N.Y. 3

makers of precision optical equipment for industry
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MATHEMATICAL GAMES

Some diverting mathematical board games,

and the answers to last month’s problems

by Martin Gardner

athematical board games such as
M ticktacktoe, checkers, chess and
go are contests between two

players that (1) must end after a finite
number of moves, (2) have no random
elements introduced by devices such as
dice and cards, (3) are played in such a
way that both players see all the moves.
If a game is of this type and each player
plays “rationally”—that is, according to
his best strategy—then the outcome is
predetermined. It will be either a draw

| ora certain win for the player who makes

the first move or the player who makes
the second move. This month we shall
first consider two simple games for which
winning strategies are known, then a
popular board game for which a winning
strategy has just been discovered and a
class of board games not yet analyzed.

Many simple games in which pieces
are placed on or removed from a board
lend themselves to what is called a sym-
metry strategy. A classic example is the

| game in which two players take turns

placing a domino anywhere on a rec-

| tangular board. Each domino must be

put down flat, within the border of the
rectangle and without moving a previ-
ously placed piece. There are enough
dominoes to cover the board completely
when the pieces are packed side by side.
The player who puts down the last
domino wins. The game cannot end in a
draw, so if both sides play rationally,

| who is sure to win? The answer is the

player who puts down the first domino.
His strategy is to place the first domino
exactly at the center of the board [see
illustration on this page] and thereafter
to match his opponent’s plays by playing
symmetrically opposite as shown. It is
obvious that whenever the second player
finds an open spot, there will always be
an open spot to pair with it.

The same strategy applies to any type
of flat piece that retains the same shape
when it is given a rotation of 180 de-

© 1961 SCIENTIFIC AMERICAN, INC

grees. For example, the strategy will
work if the pieces are Greek crosses; it
will not work if they have the shape, say,
of the letter T. Will it work if cigars
are used as pieces? Yes, but because of
the difference in shape between the ends
the first cigar must be balanced upright
on its flat end! It is easy to invent new
games of this sort, in which pieces of
different shapes are alternately placed
on variously patterned boards according
to prescribed rules. In some cases a sym-
metry strategy provides a win for the
first or second player; in other cases no
such strategies are possible.

A different type of symmetry play
wins the following game. Any number of
coins are arranged in a circle on the
table, each coin touching two of its
neighbors. Players alternately remove
either one coin or two touching coins.
The player who takes the last coin wins.

e

A domino board game



Known to rout hawks a hundred times his size, the hummingbird
is a creature of courage. But when he takes this risk, it is with a
distinct advantage. His powers of flight are matched by none.

We admire his style. And we share the philosophy. Knowing that
our own capabilities are highly distinctive, we too believe that they
are a thing to be used with boldness. Two years ago, Fairchild
pioneered commercial production of diffused silicon Mesa tran-
sistors. They became the industry’s most widely copied types. But
we developed direct replacements — silicon PLANAR transistors
(PLANAR diodes too were developed) —another step forward. Our
newly introduced PLANAR EPITAXIAL devices and MICROLOGIC
elements continue the progress.

We have many ambitious programs ahead. If you like our approach
and have a relevant background, we would like to hear from you.

IRGHILD

SEMICONDUCTOR

545 WHISMAN ROAD +« MOUNTAIN VIEW, CALIFORNIA
A Division of Fairchild Camera and Instrument Corporation

Photo from the book “HUMMINGBIRDS" by C. H. Greenewall; © American Museum of Natural History
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¢ MELLER
RUBY
LASERS
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LAPPED . . . IN STOCK . . . IMMEDIATE DELIVERY!
All material is laser quality, very slow
grown, and well annealed for minimum
strain. Doping is .04% chrome by weight.
Orientation is within 1 degree . . . flatness
Y4 wave or better . . . parallelism 6 seconds
of arc.

STOCK SIZES CUT YOUR COSTS!
(ALL MELLER MATERIAL IS GUARANTEED TO LASER.)
(1) “C’ axis parallel to cylinder axis:

YVa” x 12", Yo" x 2", Ya” x 21",
X 27, Va” X 37,

(2) ““C” axis perpendicular to cylinder axis:
Ya” x 27,

.200”

(3) 60° orientation:
.320” x 778", .625” x 512"

For stock items or specials, write or call
Adolf Meller Company, Box 6001, Provi-
dence, R. 1. Tel. DExter 1-3717 (Area
Code 401).

MELLER
SAPPHIRE

Synthetic Sapphnres * Ruby Lasers & Masers
Alumina Powder

‘How To Get Things Done
Better And Faster

BOARDMASTER VISUAL CONTROL

¢ Gives Graphic Picture—Saves Time, Saves
Money, Prevents Errors

Y¢ Simple to operate—Type or Write on
Cards, Snap in Grooves

/v Ideal for Production,
Scheduling, Sales, Etc.

% Made of Metal. Compact and Attractive.
Over 500,000 in Use

Full price $495O with cards

Write for Your Copy Today

GRAPHIC SYSTEMS

YANCEYVILLE, NORTH CAROLINA

Traffic,

Inventory

24-PAGE BOOKLET NO. C-100
Without Obligation
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In this case it is the player who makes
the second move who can always win.
After the player who makes the first
move has taken away one or two coins,
the remaining coins form a curved chain
with two ends. If this chain contains an
odd number of coins, the player who
makes the second move takes the center
coin. If it contains an even number, he
takes the two center coins. In both cases
he leaves two separate chains of equal
length. From this point on, whatever his
| opponent takes from one chain, he dupli-
| cates the move by taking one or two
coins from the other chain.

Both this and the preceding strategy
are examples of what game theorists
sometimes call a pairing strategy: a
strategy in which the plays are arranged
(not necessarily in symmetrical fashion)
in pairs. The optimal strategy consists of
playing one member of the pair when-
ever the opponent plays the other mem-
ber. A striking example of a pairing
strategy is provided by the topological
game of Bridg-it, placed on the market
last year and now a popular game with
children. The reader may remember that
Bridg-it was introduced by this depart-
ment in October, 1958, as “the game of
Gale”; it was devised by David Gale, a
mathematician at Brown University.

A Bridg-it board is shown in the illus-
tration at the bottom of this page. If it is
‘ plaved on paper, one player uses a black

pencil for drawing a straight line to con-
nect any pair of adjacent black spots,
horizontally or vertically but not diagon-
ally. The other player uses a red pencil
for similarly joining pairs of red spots.
Players take turns drawing lines. No
line can cross another. The winner is the
first player to form a connected path
joining the two opposite sides of the
board that are his color. (The commer-
cial Bridg-it board has raised spots and
small colored plastic bridges that are
placed between spots.) For many years
a proof has been known that there is a
winning strategy for the player who
makes the first move, but not until early
this year was an actual strategy discov-
ered.

It was Oliver Gross, a games expert in
the mathematics department of the Rand
Corporation, who cracked the game.
When I'learned of his discovery, I wrote
immediately for details, expecting to
receive a long, involved analysis that
might prove too technical for this depart-
ment. To my astonishment the explana-
tion consisted of nothing more than the
diagram reproduced on page 152 and
the following two sentences: Make the
first play as indicated by the gray line
at lower left in the diagram. Thereafter
whenever your opponent’s play crosses
the end of a dotted line, play by cross-
ing the other end of the same line. This
ingenious pairing strategy guarantees a
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A finished game of Bridg-it. Red has won

© 1961 SCIENTIFIC AMERICAN, INC



T
o __id
g i _ e
P vy e B et
¥
‘2'-‘ o
.
-

SCIENTIFIC
ANNOUNCING AN ISSUE OF ‘ywr'pps y (v ANy DEVOTED TO THE TOPIC OF

THE LIVING CELL

TO BE PUBLISHED IN SEPTEMBER, 1961

© 1961 SCIENTIFIC AMERICAN, INC



Goodrich-High Voltage
Astronautics, Inc.

A dynamic leader in unique areas of
space technology offers professional
opportunities through its continued
growth.

PHYSICISTS and
ENGINEERS

Are needed at all levels with analyti-
cal or experimental training or experi-
ence in the following areas:

Advanced Electrostatic
Technology

Power Conversion
Solid State Devices
Thermionics

For a confidential discussion of these
positions, please write:

Mr. Gordon S. Hamilton, Jr.

Personnel Director

Goodrich-High Voltage Astronautics, Inc.
P. 0. Box 98, Burlington, Mass.

GHVA is a jointly owned subsidiary
of B. F. Goodrich Company and High
Voltage Engineering Corp. of Bur-
lington, Mass.

All qualified applicants will receive
consideration for employment with-
out regard to race, creed, color or
national origin.

RESEARCH
SCIENTIST

THIN FILMS

Challenging position for a highly
qualified individual with an ad-
vanced degree, preferably Ph.D.,
with a strong background in solid
state metallurgy or physics.

In applying for this position,
you should be capable of attaining
a national authoritative reputation
in the metal thin films field. You
will be responsible for basic and
applied research, setting up and
operating experimental facilities,
supervising programs and analyz-
ing and reporting results in a clear,
concise manner.

Position is immediately available
with a large, nationally recognized
company in the New York metro-
politan area where considerable
progress has already been made in
this exciting new area.

Working conditions and em-
ployee benefits offered are excel-
lent. Salary will be commensurate
with your ability and past accom-
plishments.

All qualified applicants will re-
ceive consideration for employment
without regard to race, creed, color
or national origin.

Send complete résumé, including
salary requirements, in confidence,
to: Mr. A. J. Donnelly, P.0. Box 1904.
Grand Central Station, New York (7.
N.Y.

152

win for the first player, though not neces-
sarily in the fewest moves. Gross de-
scribes his strategy as “democratic” in
the sense that “it plays stupidly against
a stupid opponent, shrewdly against a
shrewd one, but wins regardless.” This
is not the only pairing strategy that
Gross discovered, but he picked this one
because of its regularity and the ease
with which it can be extended to a
Bridg-it board of any size.

Note that in the diagram no plays are
indicated along the edges of the board.
Such plays are allowed by the rules of
Bridg-it (in fact, plays of this type are
shown on the cover of the box), but there
is no point in making such a move,
because it can contribute nothing to win-
ning the game. If in the course of play-
ing the winning strategy your opponent
throws away a play by making an edge
move, you can counter with an edge
move of your own. Or, if you prefer, you
can play anywhere on the board. If at
some point later in the game this random
move is demanded by the strategy, you
simply play somewhere else. Having an
extra play on the board is sometimes
an asset, never a liability. Of course, now
that a winning strategy for the first
player is known, Bridg-it ceases to be
of interest except to players who have
not yet heard the news.

Many board games with relatively

simple rules have defied all attempts at
mathematical analysis. An example is
provided by the family of games that de-
rives from halma, a game widely played
in England late in the 19th century. “The
normal English way,” wrote George Ber-
nard Shaw in 1898, is “to sit in separate
families in separate rooms in separate
houses, each person silently occupied
with a book, a paper, or a game of
halma....” (This quotation is given in
The New Complete Hoyle, by Albert H.
Morehead, Richard L. Frey and Geof-
frey Mott-Smith.)

The original halma (the name is a
Greek word for “leap”) was played on a
checkerboard with 16 squares to a side,
but the basic mode of play was soon ex-
tended to other boards of varying size
and shape. The game known today as
Chinese checkers is one of the many
later varieties of halma. I shall explain
here only a simplified version, which
can be played on the familiar eight-by-
eight checkerboard and which leads to
an entertaining solitaire puzzle that is
still unsolved.

The game begins with the checkers in
the standard starting position for a
checker game. Moves are the same as in
checkers, with these exceptions:

1. No jumped pieces are removed.

2. A checker may jump men of either
color.
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Oliver Gross’s pairing strategy for winning at Bridg-it
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Careers in a New Era of Space Technology Leadership

OGO« ADVENT .« ATLAS

TITAN« MINUTEMAN

Today Space Technology Laboratories, Inc.,is engaged in a program of diversification and planned growth.

Programs. Research, development, design, and con-
struction of three Orbiting Geophysical Observatories
for NASA. Systems engineering support and technical
consulting services for the Army Advent program.
Systems engineering and technical direction of the
Atlas, Titan, and Minuteman weapon systems for the
Air Force. Original and applied research in a broad
spectrum of disciplines: particle physics, solid state
theory, guidance, space physics, communication the-
ory, propulsion and power, and electromagnetic sys-
tems in the infrared, ultraviolet and microwaveregions.

Facilities. Presently under construction on a 110-acre
site at Redondo Beach, near Los Angeles International
Airport, is the STL Space Technology Center com-
prising ten buildings specially designed for research
and development in missile and space systems, for the
{abrication and environmental test of subsystems and
components, and for the production of scientific and
technical devices derived from STL’s sustained
research program. These new facilities will be aug-
mented by the STL research and fabrication installa-
tion at Canoga Park, California.

Immediate Opportunities at STL exist for qualified engineers and scientists at all levels of experience, in the
following activities:

BALLISTIC MISSILE PROGRAM MANAGEMENT (Los Angeles, Vandenberg AFB, Norton AFB—San Bernar-
dino). Responsible for systems engineering and technical direction for the Air Force ICBM Weapon Systems
Programs—Atlas, Titan, and Minuteman —including achievement of all technical objectives of these programs.
MECHANICS DIVISION (Los Angeles). Responsibilities of the Propulsion, Engineering Mechanics, and Aero-
sciences Laboratories within this division include: analyzing and evaluating performance of rocket engines,
propellants and propulsion subsystems and components; conception, design, development, and evaluation of
ballistic missile and space vehicle systems; development and implementation of structural, dynamic, aerody-
namic, and re-entry vehicle research and development concepts for both ballistic missile and space vehicle
programs; and development of new subsystems for missile and spacecraft applications.

SYSTEMS RESEARCH AND ANALYSIS DIVISION (Los Angeles). Systems Research Laboratory activities
include: management of complete space and missile systems studies including initial design; operations analy-
sis; preliminary design in such areas as structures and aeromechanical and electromechanical systems; trajec-
tory and error analysis; space navigation; and communication systems. Computation and Data Reduction Center
performs the following functions: numerical analysis; applied mathematics; statistical analysis; scientific pro-
gramming; computational systems programming; data processing analysis; and test evaluation programming
and analysis.

ELECTRONICS DIVISION (Los Angeles). The Communication, Electromechanical, Guidance, and Space
Physics Laboratories of this division are responsible for analysis, design, and development of advanced guidance,
control, and communications systems for ballistic missiles and space vehicles—from applied research to elec-
tronic product and ground support equipment design. Disciplines include the physical, electronic, and electro-
mechanical aspects of guidance, tracking, control, communication, and computer systems, geophysics, and space
physics.

RESEARCH LABORATORY (Los Angeles and Canoga Park, California). Fields of interest include: physical
studies of gaseous electronics, artificial meteors, reactor kinetics, microwave electronics; studies of quantum
chemistry, thin film applications, electron and ion dynamics, and theoretical physics; heavy particle studies;
ion propulsion research including neutralization and beam diagnostics, emitters, acceleration and ion optics, and
engine design.

FABRICATION, INTEGRATION & TEST DIVISION (Los Angeles). Incorporates the areas of mechanical and
electronic fabrication and assembly, environmental test, mechanical and electrical integration of spacecraft, inte-
grated subsystems and systems checkout, and launch operations.

ELECTROMAGNETIC SYSTEMS DIVISION (Canoga Park, California). The Radio Physics and Signal Equip-
ment Laboratories of this division are engaged in developing advanced communication, radio direction finding,
electro-optical, and penetration and reconnaissance systems; and in investigating advanced signal processing,
electronic and anti-submarine warfare techniques.

FLIGHT TEST OPERATIONS (Cape Canaveral). Responsible for directing systems test programs and for
supplying technical leadership to contractors conducting flight testing of ballistic missiles, space programs, and
vehicles modified for special development purposes.

Resumes and Inquiries from engineers and scientists, at all levels of experience, will receive prompt and
careful attention. All qualified applicants, regardless of race, creed, color or national origin, are invited to
communicate with Dr. R. C. Potter, Manager of Professional Placement and Development, for opportunities
in Southern California or at Cape Canaveral.

SHARE IN THE GROWTH OF SPACE TECHNOLOGY LEADERSHIP

SPACE TECHNOLOGY LABORATORIES, INC. P.O. BOX 95005V, LOS ANGELES 45, CALIFORNIA

a subsidiary of Thompson Ramo Wooldridge Inc. P.O. BOX 4277V, PATRICK AFB, FLORIDA

los Angeles « Vandenberg AFB « Canoga Park » Norton AFB, San Bernardino J Dayton - Cape Canaveral « Washington D.C. « Boston « Huntsville
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Solution to the toaster puzzle

3. Backward moves and jumps are per-
mitted.

A chain of unbroken jumps may be
made over men of both colors, but one
is not allowed to combine jumps with a
nonjump move. The object of the game
for each player is to occupy his oppo-
nent’s starting position. The first to do
so is the winner. A player also wins if
the game reaches a situation in which his
opponent is unable to move.

Some notion of how difficult it is to
analyze games of the halma type can be
had by working on the following puz-
zle, first called to my attention by Oc-
tave Levenspiel. Arrange 12 checkers in
the usual starting positions on the black
squares of the first three rows of checker-
board. The rest of the board is empty. In
how few halma plays can you transport
these men to the three rows on the op-
posite side of the board? A “play” is de-
fined as either a diagonal checker move,
forward or back, to a neighboring black
square; or a jump Over one or more men.
An unbroken jump may include forward
and backward leaps and is counted as a
single play. As in halma, it is not com-
pulsory to jump when jumps are avail-
able, and a series of unbroken jumps may
be terminated wherever desired even
though more jumps are possible.

Although this problem is familiar to
many puzzlists throughout the world, it
has not to my knowledge ever received
a final answer. May I call on readers of
this department for help? If the reader
will send me the shortest solution he
can obtain, I shall discuss in the October
issue the best solutions received. It will
not be possible to acknowledge these let-
ters, but I shall appreciate getting them,
and it will be instructive to see how short
a record can be achieved. The problem
is quite easy to solve in 30 moves, so
there is no point in writing unless you do
better than that. For convenience in re-
cording a solution, number the black
squares, left to right and top to bottom,
from 1 to 32.

'[_Iere are the solutions to the short
problems given last month:

1.

The dime and penny puzzle can be
solved in four moves as follows. Coins
are numbered from left to right.

1. Move 3,4 to the right of 5 but
separated from 5 by a gap equal to the
width of two coins.

2. Move 1,2 to the right of 3,4, with
coins 4 and 1 touching.

3. Move 4,1 to the gap between 5
and 3.

© 1961 SCIENTIFIC AMERICAN, INC

4. Move 5,4 to the gap between 3
and 2.

2.

Three slices of bread—A, B, C,—can
be toasted and buttered on the old-
fashioned toaster in two minutes. The
illustration on this page shows the way
to do it.

3.

The illustration at the top of page 156
shows how the 6-by-10 rectangle, formed
with the 12 pentominoes, can be cut into
two parts and the parts refitted to make
the 7-by-9 rectangle with three interior
holes. The illustration at the bottom of
page 156 shows the only two possible
patterns for the 6-by-10 rectangle in
which all 12 pieces touch the border.
The first of these patterns is also remark-
able in that it can be divided (like the
rectangle in the preceding pentomino
problem) into two congruent halves.

A
4.

A man goes up a mountain one day,
down it another day. Is there a spot
along the path that he occupies at the
same time of day on both trips? This
problem was called to my attention by
psychologist Ray Hyman of the General
Electric Company, who in turn found it
in a monograph entitled “On Problem-
Solving,” by the German Gestalt psy-
chologist Karl Duncker. Duncker writes
of being unable to solve it and of ob-
serving with satisfaction that others to
whom he put the problem had the same
difficulty. There are several ways to go
about it, he continues, “but probably
none is...more drastically evident than
the following. Let ascent and descent be
divided between two persons on the
same day. They must meet. Ergo....
With this, from an unclear dim condition
not easily surveyable, the situation has
suddenly been brought into full day-
light.”

5.

A. If OODDF is the square root of
WONDERFUL, what number does it
represent? O cannot be greater than 2
because this would give a square of 10
digits. It cannot be 1 because there is
no way that a number, beginning with
11, can have a square in which the sec-
ond digit is 1. Therefore O must be 2.

F, the last digit in the square root,
cannot be 1, 5 or 6 because in each case
this would make the same digit the final
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OPERATIONS EVALUATION GROUP

%nturiﬂg Beyond
the Conﬁnes
of Your Discipline

The ultimate argument of the diplomat is
still the threat of force; the conduct of war
is still the business of the soldier and sailor,
But in this era of sensitive political situa-
tions and nuclear peril, the immense com-
plexities of armed combat have placed a
few scientists in positions of uncommon
responsibility.

Imaginative scientists and mathemati-
cians with advanced degrees are invited to
share in this uncommon responsibility with
the staff of the Operations Evaluation
Group of the Massachusetts Institute of
Technology. Specifically you will provide
the Chief of Naval Operations and Fleet
commanders with an analytical basis for
decision making on matters of tactics,
strategy, composition of forces, employ-
ment of weapons and equipment, and
research and development needs.

The appointments are permanent and
well remunerated, and the peripheral bene=
fits are indeed worth exploring.

Positions available in Cambridge.
Direct your inquiry to:
Dr. Jacinto Steinhardt, Director.
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7. ; OPERATIONS EVALUATION GROUP

Washington 25, D. C.
292 Main St., Cambridge 42, Mass.
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A NEW
PERSPECTIVE

A position on the staff of the newly formed Ap-
plied Research Section at Convair/Fort Worth
offers opportunity rarely found for physicists and
engineers at the doctorate level. Active and ma-
ture programs in electronics, space mechanics,
thermodynamics, and nuclear science are in
progress. Research programs in the fields of as-
tro physics, ultra high pressure physics, relativ-
ity, gravitation, physics of materials, and geo-
physics are in the formative stages of planning
and activation.

As a research scientist or engineer at Convair/
Fort Worth you hold a position that promises to
be exciting and challenging. In addition, you will
discover that Fort Worth is at once part of the
Fort Worth-Dallas area that is now the nation’s
6th market—2nd in aircraft—and a friendly
community with countless educational, cultural,
and recreational facilities. The climate is mild
year 'round, cost of living is below the national
average, and adequate housing is available in all
price ranges.

If you are interested in future stability and can
qualify, a position within this section offers un-
limited potential. For further information, for-
ward your personal resume to Dr. E. L. Secrest,
Chief of Applied Research, Convair/Fort Worth,
P. O. Box 748 S, Fort Worth, Texas.

All qualified applicants will receive consideration
for employment without regard to race, creed, color
or national origin.

CONVAIR/FORT WORTH

CONVAIR DIVISION OF

GENERAL DYNAMICS
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A 6-by-10 rectangle made up of pentominoes is refitted into a 7-by-9 one with three holes

digit of WONDERFUL. With this in
mind, we find that there are 30 different
possible combinations of digits for
OODDF': 22334, 22337 and so on.

We can eliminate more than half of
these by using a dodge based on the con-
cept of the digital root. The sum of the
nine digits of WONDERFUL (we were
told zero was excluded) is 45, and this in
turn sums to 9, the digital root of the
original number. The square root of
WONDERFUL must have a digital root
that, when squared, gives a number with
a digital root of 9. The only digital roots
meeting this requirement are 3, 6 and 9;
therefore OODDF must have a digital
root of 3, 6 or 9. This eliminates all but
11 possibilities, of which only 22887
has a square (523814769) that fits the
code word WONDERFUL.

B. The timesaving insight in this prob-
lem is the realization that if the nine
digits are placed on a 3-by-3 matrix to
form a rookwise connected chain from
1 to 9, the odd digits must occupy the
central and four corner cells. This is
easily seen by coloring the nine cells like
a checkerboard, the center cell black.
Since there is one more black cell than
white, the path must begin and end on
black cells, and all even digits will fall
on white cells.

There are 24 different ways in which
the four even digits can be arranged on

| the white cells. Eight of these, in which
| 2 is opposite 4, can be eliminated im-

mediately because they do not permit a
complete path of digits in serial order.
The remaining 16 patterns can be quick-

| L
—

ly checked, keeping in mind that the sum
of the two upper digits on the left must
be less than 10 and the sum of the two
upper digits on the right must be more
than 10. The second assertion holds be-
cause the two upper digits in the middle
are even and odd, yet their sum is an
even digit. This could happen only if 1
is carried over from the sum of the right
column. The only way to form the path
so that the bottom row of the square
is the sum of the first and second rows
is shown on page 158.

0.

Immanuel Kant calculated the exact
time of his arrival home as follows. He
had wound his clock before leaving, so
a glance at its face told him the amount
of time that had elapsed during his ab-
sence. From this he subtracted the
length of time spent with Schmidt (hav-
ing checked Schmidt’s hallway clock
when he arrived and again when he
left). This gave him the total time spent
in walking. Since he returned along the
same route, at the same speed, he halved
the total walking time to obtain the
length of time it took him to walk home.
This added to the time of his departure
from Schmidt’s house gave him the time
of his arrival home.

7.
The young lady is older than 20,
younger than 30. Her most likely age is
29, the next most likely is 28 and so on

All the pentominoes in these 6-by-10 rectangles touch the border of the rectangle
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A new facility, a new scientific community,
and new and ambitious scientific goals—this
is the Sperry Rand Research Center. Here
academic curiosity, scientific objectivity and
true interdisciplinary exchange will combine
to fill broad and varied basic research needs
of the many divisions of Sperry Rand Cor-
poration in the following areas: Materials
Sciences including solids, mechanics, mag-
netics, and physical chemistry; Radiation
Sciences including microwave physics, plas-
mas, infrared, optics, energy conversion, and
communications; Applied Mathematics and
Theoretical Physics; Earth and Life Sciences.

Our immediate needs
for top scientific
talent are in the
areas of:

Magnetics

Resonance Physics
Semiconductor Physics
Fluid and Solid Mechanics
Infrared and Optics

if you are interested in
fundamental research

in any of the above fields,
direct your communication
in confidence to:
Frederick M. Swope, Jr.,

Sperry Rand
: Research Center,
. ) North Road,
an |mp0rtant Sudbury, Massachusetts
word
at the new

SPERRY RAND RESEARCH CENTER

SUDBURY, MASSACHUSETTS
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PHYSICISTS

for advanced studies of high-perform-
ance electrical propulsion systems...

Great interest has been aroused by our unusual oscillating-electron ion
engine which produces a high-velocity, electrically-neutral plasma beam.
Since this electrically-neutral stream eliminates the space-charge effect,
there is no theoretical limit to the thrust capability of the device. . Past
successes and current progress with this device, (and in other areas of
plasma research) now require a material expansion in this entire effort. As
a result, a number of very attractive Senior Positions are being created for
electrical propulsion specialists — particularly physicists with advanced
degrees and experience. ‘ These positions should have particular appeal
to those interested in studies of high-energy plasma sources, diagnostic
techniques and other basic investigations that will lead to practical space
propulsion devices. Included are both theoretical and experimental investi-
gations of factors that determine plasma potentials, ionization and power
efficiencies. ‘ This program is of the long-range sustained type with both
corporate and government sponsorship. Superior facilities and assistance
are available for numerical computation and experimental work. Publi-
cation of papers is encouraged as is close contact with related university
research. . Salary levels, benefits and the semi-academic approach will
appeal to experienced men with demonstrated abilities.

You are invited to contact Mr.W. H.Walsh, Personnel Department

RESEARCH LABORATORIES
UNITED AIRCRAFT CORPORATION

400 Main Street, East Hartford 8, Conn.
All qualified applicants will receive consideration for employment without regard
to race, creed, color or national origin,
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Solution to the chain-of-digits problem

down to 21, the least likely. If the
mathematician wishes to guess her age in
as few yes or no questions as possible,
his best first question is “Are you 297" If
she says no, he adopts the usual strategy
of binary division on the remaining eight
ages, obtaining the answer in three more
questions.

Seth Zimmerman of Dartmouth Col-
lege gives the general solution in his
article “An Optimal Search Procedure,”
in The American Mathematical Month-
ly for October, 1959. Only the proce-
dure, not the proof, will be given here.

The first step is to list the possible ele-
ments (in this case nine different ages)
from left to right in increasing order of
probability. (If two or more elements
have the same probability they are
placed side by side in any order.)

21, 22, 23, 24, 25, 26, 27, 28, 29

The elements are grouped by pairs,
beginning at the left:

(21, 22) (23, 24) (25
(29)

26) (27, 28)

>

These parenthetically enclosed sets
are now treated as five single elements
and once more grouped into pairs, begin-
ning at the left:

[ (21,22) (23,24) ]
[ (25,26) (27,28) ]
[ (29)]

The three bracketed sets are handled
the same way, making two final ele-
ments:

‘ ([

The best strategy for minimizing the
number of questions is to take these di-



How Nickel gets music out of solid rock

Deep in the Caverns of Luray in Vir-
ginia is one of the world’s musical mar-
vels—the famed “Stalacpipe” organ—a
unique instrument that gets rare tonal
beauty from age-old stalactites.

To get music out of solid rock, the sta-
lactites have threaded metal rods bolted
through them—close to small, wire-
wound magnets. When an electronically-
controlled hammer strikes a stalactite,
the combination of rod and magnet
becomes a tone generator whose im-
pulses pass out through an amplifier.

Imagine the dampness of the Caverns
... the rust-producing environment. . .
and what could soon happen to these
musical rods bolted through the rock.
Here is where a metal has to really
prove itself.

Nickel means trouble-free perform-
ance. To prevent excessive rust and
resulting expansion that could easily
crack or snap off the stalactites, a
special electrical steel—a steel with
Nickel in it—was chosen. This high

nickel alloy steel —47-50% Nickel —
stands up to the eternal dampness of
this underground concert hall . . . and
provides the exact combination of mag-
netic properties needed for low power
requirements and full high fidelity.

Don’t overlook Nickel even if you're
not thinking of building an underground
organ anytime soon. Alone or with other
elements Nickel improves hundreds of
alloys . . . makes possible almost any
combination of properties for fabricat-
ing or service demands.

Whatever your metal problem—high
or low temperatures, corrosion, stress,
or an unusual combination of factors —
consider the advantages of Nickel. For
more information, just write us.

THE INTERNATIONAL NICKEL COMPANY, INC.

Big tone from little Nickel alloy rods. Pen
shows the size of Allegheny Ludlum Steel
Corporation’s AL-4750 nickel alloy special
steel rods bolted through ancient stalac-
tites. The rods vibrate with the rock after
being struck by rubber-tipped hammers.

INCO NICKEL

NICKEL MAKES ALLOYS PERFORM BETTER LONGER
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What's News in Rubber...

Tires of Enjay Butyl smooth the hounce out of humps!

Unlike ordinary rubber (red ball),
which makes a tire that bounces high
when it hits bumps, Enjay Butyl (blue
ball) absorbs shock with very little
bounce—for a smoother, quieter ride.

In addition to unique dynamic per-
formance, this copolymer of isobutyl-
ene and isoprene has many other

useful properties: low permeability
to gases, excellent resistancetoozone,
weathering, heat, chemicals, tear and
abrasion; and outstanding electrical
characteristics.

Enjay now offers a family of Butyl
rubbers, including new Butyl Latex
and Butyl HT, which is halogenated

for high heat resistance and faster
cures.

In rubber, plastics, chemicals and
petroleum additives, Enjay is con-
tinually bringing you advanced new
products. For full details, write to
Enjay, 15 West 51st Street, New
York 19, New York.

EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY

ENJAY CHEMICAL COMPANY

A DIVISION OF HUMBLE OIL & REFINING COMPANY
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visions in reverse order. The first ques-
tion, therefore, is whether or not the girl
is 29. If not, three more guesses are re-
quired. In the case of nine elements, it
does not matter how the eight are divid-
ed for the last three questions provided
that they are halved at each division, be-
cause the optimal strategy provides no
way of pinpointing the correct age in
less than three more questions.

Q
O.

In the chess problem white can avoid
checkmating black only by moving his
rook four squares to the west. This
checks the black king, but black is now

B <

free to capture the checking bishop with
his rook.

9.

The seven fundamentally different
varieties of hexahedron (six-sided poly-
hedron) are shown in the illustration
on this page. I know of no simple way
to prove that seven is the maximum num-
ber. For those who are interested, there
are 34 varieties of seven-sided poly-
hedron and 257 varieties of eight-sided
polyhedron. Beyond this, the problem
of determining the number of varieties
of an n-sided solid becomes enormously
difficult.

The seven varieties of hexahedron

© 1961 SCIENTIFIC AMERICAN, INC

What’s News at Enjay

Dynamic Growth at Enjay
keeps pace with
chemical progress

GROWTH: Production of chemicalsfrom
oil is growing at a rate 3 times faster
than the chemical industry as a
whole. Enjay has been among the
leaders contributing to this fast-
paced petrochemical average!

SALES: Last year Enjay sales were
higher than ever before — up more
than 12% over 1959. This outstand-
ing performance places Enjay
among the top ten chemical com-
panies in the country.

NEW PRODUCTS: Two new rubbers,
Enjay Butyl HT 10-66 (chlorobutyl)
and Butyl Latex, have just been an-
nounced. BUTON resins, another
result of Enjay research, are being
used for paints, can coatings and
electronic components.

NEW CAPACITY: The first of 3 new
Butyl expansion projects, needed to
supply this growing market, was
put in operation in 1960. When all
are completed, Enjay Butyl facilities
will be increased by 33%.

CONTINUING EXPANSION: Enjay
planned expansion program in aro-
matic hydrocarbons, for example,
will reach 79 million gal/yr of ben-
zene by 1962; 55 million gal/yr of
toluene; and 105 million lbs/yr of
paraxylene.

If you use rubber, resins, plastics, chemi-
cals or petroleum additives, Enjay offers
you dependable supply and a growing
number of new and improved products
— backed up by outstanding technical
service. Let us prove it.

ENJAY CHEMICAL COMPANY

A DIVISION OF HUMBLE OIL & REFINING COMPANY
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