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season, the creatures would spring to ife,
multiply, and return to dormancy. There is
an analogy on Earth. On mountains in
Antarctica, only 400 miles from the South
Pole, tiny mites have been found which
get all the husiness of life done In a
month or twa in tiny pools of melt-water.
Is it possible that the pair of Viking craft,
designed to land on Mars around July 4,
1976, could spot evidence of such crea-
tures?

And Now to Study the Sun

When Mariner went into orbit around
Mars last November, Earth and Mars
were only 75 million miles apart, and so
radio signals took only aboul seven
minutes to reach the 210-foot antenna at
Goldstone, Calif,, from the one-meter an-
tenna parched on top of Mariner 9.

But Earth was pulling ahead of Mars on
the inside track. With every day, the
distance increased, and so did the angle
between the axis of the Mariner 9 an-
tenna and the line of sight to Earth. On
April 2, Mariner @'s orbit began to fall
into the planet’s shadow for a few more
seconds on each pass. Each time the
craft passed inio shadow, it suffered the
“thermal! shock” of passing into extreme
coid, and used some of electricity stored
in its batteries by the power-generaling
solar cells. Transmission was stopped o
save snergy.

Once the period of shadewing is past,
however, by early summer, Mariner 9 is
to deliver one or two orbit's worth of
scientific data to Earth each week. Mean-
while, ihe Earth’s more rapid motion
around the sun will carry it around to &
point on the opposite side of the sun
from Mars September 7. This point is
called “superior conjunction.” The two
planets will be 240 miition miles apart.

For -a week before and after supetior
conjunction, radio signals from Mariner 9
will be passing within a few degrees from
the sun, and through its corona. The ba-
havior of the signals will probe the
viclently moving clouds of particles in
the corona, and test further Einsteln's
predictions of the effect of gravity on
light.

The Many-Royalty
Problem

Puzzle Corner:
Allan J. Gottlieb

Many people sent very thoughtful letters
to Alice and me wishing us well and in-
cluding an occasional tip for a successiul
marriage. So far everything Is working
out fine; and we are, of course, very
greatful (sic., but a feminine hand cor-
rected it to grateful-—Ed.) to everyone whao
corresponded. (Perhaps sparked by our
success, Loug Friedman, an old room-
mate, is marrying Bonnie Koski in June.)

On the home f{ront, Alice and ! are
planning an Hawaiian vacation for this
summer. We are a little excited, and now

o w

“surfing” music emanates daily from the
oid hi-fi.

We were discussing chemistry labs to-
day, and i menticned that in weighing
precipitates 1 used a balance where cne
manually adds small brass weights
(masses?) to one pan. Alice was a little
surprised to hear this, as she thought
such balances went out with steam loco-
mofives—another example of the 'gen-
eration gap” a seven-year age difference
can bring.

To answer a frequent question, a Marry
Nelson “puzzle invention” is a puzzle
(hand held, requiring thought, manipuia-
tion, but no calculations} invented by
Harry Nelson.

| have received an issue of Chess Ulli-
mate, a small magazine for chess posi-
ticns which maximize {(or minimize) vari-
ous chess phenomena. Anyone interested
should coniact the Editor, Thur Row, at
12039 Gardengate Drive, St. Lauis, Mo,
63141,

Send problems and solutions to me at
the Department of Mathematics, Univer-
sity of California, Santa Cruz, Calif,
95060; we pick one solution to publish
and note the names of athers who sub-
mitted solutions. Following the suggestion
of Smith D. Turner {{dt), | will say if
“also solved by ‘s’ are different solu-
tions from that published.

Problems

Our first problem has three parts—the
first an old chess problem, and the next
two mathematical generalizations; it
comes from Dr. Benjamin Whang:

JN-1 (a} On & chess board, place eight
Queens such that no Queen is vulnerable
to other Queens—i.e., no Queen shaould
be in the path of other Queens. (For
those who do not play chess: on an
8 x 8 grid, place eight dots, one on each
row, such that no two dots have the
same column or same diagonal. For ex-
ample, once a dot is placed as shown
below, the spaces marked "X are tabco
for other dots.)

hed X

(b) Obtain a general pattern (or two) for
placing 2n dois ina grid 2n x 2n {n > 1},
with the same restriciion as above.

{c} Extend the solution for (b) for placing
ndofs inagridn 3 n{n > 3).

This numbet-theoretic proeblem is from
Mrs. H. E. Schabacker:
JN-2 What simpls
seguence?

rule governs this

1,1,2,1,21,2,3,1,3.2,1,2,3,
31,3,213.234,...

Here's a complicated-looking algebraic
formula from Greg Schaffer:

JN-3 Show or prove that
o
H{ [1 4 %]
k=1

(4
[+ (D) =

A cute, somewhat well known problem
frem Roy Sinclair:
JN-4 You are given as many playing cards
as you wish to use, each of length & and
width b, They are stacked one upon an-
other in the usual way, so that each card
is in contact with only the cards immedi-
ately above and below it, with the cbjec-
tive of achieving the maximum overhang
before they fall over. What is the length
of this overhang?

Cne of those ‘'plug-in-numbers-for-let-
ters” puzzles from R. E. Crandail;

JN-5 Find the cube root of INVENTORY
and verify it can be eaten or drunk.

)(2X+1)

Speed Depariment

This is hardly a problem, but | cannot
resist printing it—from Kenneth Morgan:
he writes:

SD-1 “| have had a perpetual motion
machine (below) working satisfactorily
for years. Somehow | have a feeling that
the Morris Markovitz machine and mine
have similarities. {Six-pound weights
automatically become nine-pound weights
on the right side. There is no limit to
the power that can be developed by this
machine; for instance, try using 6,6686-1b.
weights).”

o))

O

A pencil-pushing problem from Lles
Servi:
SD-2 With four pencils and cne penny Iin
the formation shown, move just two pen-
cils to make the penny no longer in the
cup. (See diagram on p. 71 top.}

Solutions

The following are solutions to problems
published in Technology Review for Feb-
ruary:

61 Set up chess pieces as though to start
a game., White must, in proper seguence,
make the following four moves: 1.
P—KB3, 2. K—B2; 3. K—N3; 4. K—R4.
What are the four legal moves to be made



by Black after which White is check-
mated?

The following solution is from Abraham
Schwartz:

The problem has one general solution
with two key moves:

1. P—KB3; Black moves P—K3 or P—K4.
2. K—B2; Black moves Q—B3.

3. K—N3; Black moves @ x P 4.

4. K-—R4: Black moves B—K2. Mate.

The solution is easy from the chess point
of view but psychologically hard since
one doesn’t look for Q x P +; it is some-
what similar to a helpmate problem.

Also solved by Allen Andersson, Rob-

ert B, Anthonyson, Bill Cain, Claude W.
House, Richard Jenney, John L. Joseph,
Marc Judson, Chip Melvin; Russall A,
Nahigian, E. A. Nordstrom, Hunter Platt,
and Mike Rolle. :
62 Given line segments of length hg, .,
and mg, construct a triangle such that the
altitude has length he, the angle bisector
has length t., and the median has length
m, when these three lines emanate from
the same angie.

The following is from R. Robinson Rowe:
Given h, t, and m concurrent at C, con-
struct triangle ABC. {See diagram at top
right.)

With CH — h, draw the perpendicular at
H as the base of the triangle. Draw arcs

“with radii t and m to the base at T and M.

Draw the bisector CT and the median
CM. Draw CJ perpendicular to CT to the
base at J. On the base, lay off MK = MT.
Cn diameter JK, draw arc JLK. Draw ML
perpendicular to the base, intersecting
semicircle JK at L. With M as the center
and ML as the radius, draw semicircle
ALB intersecting the base at A and B,
Draw AB, BC, and CA; ABC is the re-
quired triangle. Proof: Let a — BC, b =
AC, c = AB,d = BT, e = AT, T = MT,
g — HM, h = CH, and i = HT. Then

aZ = h? 4+ {g — Vec)?,

b? = h? + (g 4 ec)?,

bd —ae,¢c =e 4 d, and

2f:me —d=2{g — i)

Eliminating unknowns a, b, d, and e, we
get

{(Yac)2 = f(g 4 h2/i).

By construction JH = h2/i,

JM = g + h?/j,

MK = f, and ML2 = JM - MK,

So ML = ¥a¢c = MA = MB.

Also solved by Richard Jenney, Ray-
meond Gaillard, John L. Joseph, Mary
Lindenberg, P. Markstein, and Mike Rolle;
all solutions are, at least slightly, unigqus.

63 The "ferris wheel" (below) is con-
structed under atmospheric pressure.
Metal cups are attached to each arm, and
a pliable membrane seals the top of each
cup. Glued fo the center of each mem-
brane is a weight. The "ferris wheel” is
now submerged in water. The weight at
cup A stretches the membrane, increas-
ing that cup's volume. The weight at
cup B compresses that cup’s volume.
Thus, cup A is more buoyant and the
“wheel” rotates in a clockwise direction
forever. )

A magnificent solution has come from
T. Davidson who writes that he built such
a machine some 60 years ago and “can
assure you with no success. The chvious
reason for failure is that energy to raise
Hguid from the iower expanding chamber
to the upper contracting chamber must
come from somewhere.” Here is his
mathematical “proof” (those quotation
marks are his): )

Some liberties have been taken with the
design:

t. The cups have been replaced by cyl-
inders with “frictionless” pistons, as it
is easier to visualize how thelr expansion
and contraction oceurs,

2. The surface area of the liquid is as-
sumed to be large enough that the depth
[ is not changed appreciably by the ex-
pansion and contraction of cylinders
which do not occur simultaneously.

3. The residual air volume is assumed to
be Jarge enough that piston movement
Is not affected appreciably by changes of
air pressure as the cylinder volume ex-
pands or contracts.

4, The pistons are assumed to be held at
both inner and outer positions by "fric-

tionless™ latches, for mechanical release
at the angular position at which the bal-
ance of piston weight and liquid pressure
will just achieve full stroke.

Liquid Surface

Clockwise
Rotation

p = liquid density, positive downward
w — piston weight, positive downward
s — piston stroke, from closed end;
piston area = 1
E — energy, positive clockwise
The weight of cylinder and support can
be neglected.
Rotation clockwise from o1 to 82:
— w[R{cos 1 — cos #2)
— s/2(sin 1 — #2] (1)
Unbalanced piston force from | to 1i:
At |l = w sin §2
— p{D — R cos 82 + s/2 sin §2)

Atll = wsin #2

-~ p{D — R cos 82 — s/2 sin #2) {A)
Net average = ps/2 sin #2

E = ps2/2 sin @2, (2}

Rotation clockwise from 2 to 81:
= w [R(cos #2 — cos 1)
4+ s/2 (sin 82 — sin 1)
— ps R {cos 82 — cos #1)] (3)
Unbalanced piston force from lil to IV:
Atlll = w sin #1
— p{D — Rcos#l — s/2 sin a1)
At TV = wsin 41
— p(D — Rcos 1 4 s/2 sin o1} (B)
Net average = ps/2 sin 1 (4)
E — ps2/2 sin o1.
Total energy in one revolution
(eq. 1 + 2 +- 3 4 4}
E — ws{sin 62 — sin 41)
-+ ps R{cos 82 — cos 81)
4 ps2/2 {sin 82 4 sin #1) {5
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MIT
contributions...

Physics in the Twentieth Century:
Selected Essays

by Victor F. Weisskopf

foreword by Hans A. Belhe

This Selection of essays covers a wide
range of subjects connected with the
physical sciences and their relation to
human affairs. They are broadly con-
ceived and directed to a generally in-
terested audience rather than to special-
ists in particular areas. Some are written
for the initiated, some are broad syn-
opses of a branch of physics and are
directed to the scientifically interested
Jayman. Some deal with more philosophic
questions, such as Niels Bohr's ideas on
complementarity, and others deal with the
problems of science, ethics, and society.
$7.95

New Energy Technology — Some Facls
and Assessments
by H. C. Hottel and J. B. Howard

This report concentrates on the techno-
logical status of energy and fuel conver-
sion processes in the United States. It
assesses the tecnnical and economic
adequacy of existing and proposed proc-
esses (and their consistency with de-
veloping standards of environmental qual-
ity) and suggests where additional effort
is needed to accelerate change.

Unlike most studies, which restrict them-
selves to an examination of a single en-
ergy source or industry, this report exam-
ines in turn most of the various methods
of energy production now in use or likely
to come into general use. This wholeness
of view allows the authors to make mean-
ingful comparisons between alternative
proposals and to devise integrated growth
strategies.
$10.00 hardcover
$2.95 paperback

A Primer for Fortran IV: On-line
by Ofiver G. Selfridge

This primer is the most unintimidating
teacher of Fortran around. It has been de-
signed (in print-out format) and written (in
author-to-computer style) for the complete
novice who could make direct use of ithe
computer's skills but who knows nothing
of computers and little enough math be-
yond that needed to define particular
problems. Bit by bit, the bock will teach
him to read and write Fortran IV, whether
or not he has access to an on-line ter-
minal.

$4.95

The MIT Press
Massachusetts Institute of Technology
Cambridge, Massachuseatts 02142
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It 1 and #2 are the angles at which liquid
pressure just balances piston weight at
positions IV and ll, expressions A and B
equal zero, or;

From A: w sin 62

— p{D — Rcos 62 — s/2 sin 62) (6)
From B: w sin 41

= p(D — Rcos 61 4- s/2 sin §1) {7)
Combining (6) and (7) and multiplying
by (5):

w s(sin 82 — sin g1} =

—p s R{cos 42 — cos 81)

— ps2/2 (sin 62 + sin #1) (8)
When (8) is substituted in {5}, total energy
E is zero,

Also solved by Jaccb A. Bernstein,
M. Markovitz, and Harry Zaremba; but no
other solution was as detailed as Mr.
Davidson's.

64 Consider the infinitely nested square
root

ay + \/a2+\,/a3+-..
Prove that the nest converges when ay
= n, Does it converge when a; = n?? ni?
How about when a, = (n2!)n2?

Here is a solution from Mike Rolle, who
thanks me for recommending that he buy
a Volvo 1228, He did, and afier almost
100,000 miles it's still running well {with
ofiginal brake pads). My 1225, which
tempted Rolle to buy his, was wrecked
after 45,000 miles (brake pads changed).
The general solution o the problem for
non-negative a, is as foliows: The square
root converges if and only if for some x,
an =x@forn=1,2,...

The sufficiancy of this condition is seen
by observing that the series

/

V x2 4 x4_|_\/x8_|_\/x16+____
converges to the value x(1 -+ ~/5)/2.
The necessity of the condition is seen by
assuming the serles converges to some
value y. Observe that

\/m_é[\/anﬂi\/ﬁ]z

Therefore it folows that

e
an([\/an—\/T] = yam

by induction.

Since k! = kX for any k, we estimate that
(n2N)ns == p2ns

The 2v-th root of this is ntov/ze-,

it should be clear that this expression
goes to 1 as n = oo, and therefore has a
maximum value x. Therefore,

(n21yn? == xi2n)

and the sguare root converges in this
case. Certainly this is the worst case of
ihese mentioned in the problem, and so
all the other sequences for a, also con-

verge.
Also solved by R. Rebinson Rowe and
Stephen Scheinberg, whose solutions

look different.

65 In how many different ways can n num-
bers be rearranged such that no number
occupies its original pesition; and what
fraction of the arrangements possible
meet the additional criterion of having
every digit change its position? In other
words, does the seguence a, = kn/n!
converge?

The following is from Harry Zaremba:

The first half of this problem (originally
problem 29 of April, 1971) was treated
as the following equivalent probability
problem: A set of n numbers are in a
certain arrangement from left to right. If
arbitrary selections are made of all n
numbers in a second identical set and
also arranged in sequence from left to
right, what is the probability that no num-
ber in the second set matches a number
in the first arrangement? The probability
that at leasf one number would occupy
the same position it had in the original
arrangement was given by: )
P=1—1/21 +1/3' —1/4l ...

+ —1@+1/nl (n terms}
The probability that no number occupies
the same position it had in the original
arrangement is the compiement probabil-
ity of P:
PP =1 — P = kp/n!

=1 —{1—=1/2' 4 1/3!

— 1M 4 ...+ —1=D/nY
or,
kn/nl = 1/20 — 1/31 4 1/41 — ...

— —tte+3/nl (n — 1terms)
where X, Is the number of different ways
n numbers can be arranged where no
number matches its original position and
n! is the total number of different ways
(permutations} n numbers can be ar-
ranged. When n = oc, the ratio ku/n!
converges to e~ L

Also solved—in the same way—by Judith
Q. Longyear, Mike Rolle, and R, Robinson
Rowe.

Better Late Than Never
45 Solutions have come from Norman
Brenner and Evereit A, Potter.

Hervé Thiriez has supplied solutions 1o
problems 53 and 55, and Stephen Bryant

to problem 54.
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