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NEW FLEXIBLE
PERMANENT
SEALA

SILICONE
RUBBER

ADHESIVE
SEALANT

READY-TO-USE
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seal metal joints, ® seal leaks
sheet work [ ]
insulate wiring

and terminals

use as adhesive
for pre-fabricoted
silicone rubber

For a thousand jobs, just squeeze
it on and it’s on to stay! No pre-
mixing or priming. RTV-102
silicone rubber adheres to almost
anything — glass, metal, plastics,
tile, wood, silicone rubber. Sets in
minutes, cures in a few hours, forms
a resilient rubber that never dries
out, cakes or cracks. Resists mois-
ture, grease, weathering, many
chemicals, and temperatures from
—75°F to 500°F.

RTV-102 won’t sag on vertical
surfaces, can be smoothed over
large areas, “gives” with vibration
and flexing. For free evaluation
sample plus technical data, write
on your letterhead describing your
application to Section U1070, Sili-
cone Products Department, General
Electric Company, Waterford, N.Y.

GENERAL @B ELECTRIC
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MATHEMATICAL GAMES

A collection of puzzles involving

numbers, logic and probabilities

by Martin Gardner

very eight months or so this col-
Eumn presents a selection of short

problems of various types. The
nine problems that follow can for the
most part be solved by anyone who
“thinks mathematically.” The only one
that calls for knowledge of mathematics
beyond the high school level is the third,
Leo Moser’s problem concerning a fam-

| ily chess tournament, but even here the

probability theory involved is elemen-
tary. Answers to all problems will be
given next month.

1.

A sheet of legal-sized paper, 8% by
12% inches, has an area of 106% square
inches. Seven file cards of the three-by-
five-inch size have a combined area of
105 square inches. Obviously it is not
possible to cover the large sheet com-
pletely with the seven cards, but what
is the largest area that can be covered?

The cards must be placed flat, and they
may not be folded or cut in any way.
They may overlap the edges of the sheet,
however, and it is not necessary for
their sides to be parallel with the sides of
the sheet. The illustration below shows
how the seven cards can be arranged
to cover an area of 98% square inches.
This is not the maximum.

Everyone in the family, young and
old, will enjoy working on this puzzle.
If the required materials are not handy,
a sheet of cardboard can be cut to the

%-by-12%-inch size, and the seven
three-by-five rectangles can be cut from
paper. It is a good plan to rule the large
sheet into half-inch squares so that the
area left exposed can be computed
quickly.

The problem has at least two elements
of surprise. It was first posed last De-
cember by Jack Halliburton in Recrea-
tional Mathematics Magazine, and the
first surprise was the discovery by read-
ers of an answer that exceeded Halli-
burton’s. The second surprise was the
more recent discovery, by Stephen Bair,
of a still better solution. Barr’s solution
will be disclosed here next month for
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How much of the paper can be covered with seven file cards?



IBM asks basic questions in mechanical analysis

What 1s the best design?

This is an example of the force-time relationship of impact
printing as the striking head of an output printing device
comes into contact with its platen.

As computers go faster, so must the machines which
work with them. The tremendousspeed at which these
mechanisms function magnifies traditional problems
of wear, elasticity, and timing. To meet rigorous new
standards of performance, 1BM engineers are apply-
ing the techniques of mechanical analysis to the de-
velopment of high-speed mechanisms.

Through a combination of experimental measure-
ments and mathematical analyses, IBM engineers
attempt to determine exactly what is taking place at
any given instant during the machine cycle. For ex-
ample, our engineers recently were given the assign-
ment of increasing the operating speed of the output
printing element in a data processing system by as
much as twenty-five percent without major redesign.
To do so, they progressively varied mass, spring
forces, and the elasticity of several components, and
measured resulting changes in the system’s physical
characteristics. By translating these experimental
results into mathematical terms, they were able to
arrive at a solution to the problem which might
have been impossible to obtain using only trial-and-
error methods.

The exact description of the way in which many vari-
ables interact during the machine cycle requires
advanced measurement and analysis techniques.
For example, the impact curves shown above were
produced by a mechanical structure with several

After modifications were made in the printing mechanism,
the force-time relationship reflected a cleaner impact, produc-
ing a sharper impression from the printer.

degrees of freedom—a system extremely complicated
to calculate. 1BM engineers chose to alter one
structural member slightly to produce an overriding,
dominant frequency. They could then analyze the
structure’s operation mathematically.

Mechanical analysisis helping 1BM engineers to create
mechanisms with fundamentally new designs. For
instance, in a revolutionary new typewriter, the 1BM
Selectric,™ they were able to design a mechanism to
compensate automatically for wear and elasticity in
the print-selection system. In an important new de-
velopment in disk storage, they used a hydraulic
actuator to position magnetic read-write heads which
float on air bearings. And they have developed a
high-speed printer, controlled by a computer’s pro-
gram, which prints by means of engraved type sus-
pended on a chain which moves past the paper at
high speed. Mechanisms with advanced designs like
these are helping to make it possible to take full ad-
vantage of the immense capabilities of the computer.

If you have been searching for an opportunity to
make important contributions in mechanical analy-
sis, space, programming systems, or any of the other
fields in which 1BM scientists and engineers are find-
ing answers to basic questions, please contact us.
1BM is an Equal Opportunity Employer. Write to:
Manager of Professional Employment, IBM Corp.,
Dept. 659X, 590 Madison Avenue, N. Y. 22, N. Y.
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they asked:

“CAN YOUR PARCHMENT
HELP US KEEP

STAPH MICROBES
UNDER CONTROL?"

(s0 Paiapar@ did just that)

Vicious staphylococci microbes have
been plaguing hospitals across the
country. To fight back, the hospitals
use every germ-killing technique known.
And Patapar Vegetable Parchment is a
great help.

How? Special ‘““Hospital Patapar”
helps make sterilizing with steam or
ethylene oxide gas quick and sure. In-
struments, surgical gowns, gloves,
bandages are wrapped in Patapar be-
fore they go into the sterilizer. The
Patapar allows steam or gas to pass
freely through to the contents of each
package—but protects against subse-
quent contamination from room air.
Thus keeping the contents of each
package sterile.

Helping fight germs is just one of
many talents Patapar possesses. It’s
also known for its amazing strength
(wet or dry), its grease and heat resist-
ance, dielectric properties, translu-
cency and purity.

If the Patapar Vegetable Parchment
you need doesn’t exist, our Research
and Development Department will
work with you to develop a sheet pre-
cisely suited to your needs. SEND FOR
BULLETIN 104B.

PATERSON PARCHMENT PAPER COMPANY

Bristol, Pennsylvania

NEW YORK, N.Y. PARK RIDGE, ILL. SUNNYVALE, CALIF.
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Two unorthodox cryptarithms

the first time. There is as yet no proof
that Barr’s solution is the maximum, so
perhaps some reader of this department
will find a third level of surprise.

2.

Six Hollywood stars form a social
group that has very special character-
istics. Every two stars in the group either
mutually love each other or mutually
hate each other. There is no set of three
individuals who mutually love one an-

‘ other. Prove that there is at least one set
of three individuals who mutually hate
each other. The problem leads into a
fascinating new field of graph theory,

| “blue-empty chromatic graphs,” the na-
| ture of which will be explained when
the answer is given next month.

3.

A certain mathematician, his wife
and their teen-age son all play a fair
game of chess. One day when the son
asked his father for $10 for a Saturday
night date, his father puffed on his pipe
a moment and replied:

“Let’s do it this way. Today is
Wednesday. You will play a game of

| chess tonight, another tomorrow and a
| third on Friday. Your mother and I will
| alternate as opponents. If you win two
| games in a row, you get the money.”

“Whom do I play first, you or Mom?”

“You may have your choice,” said the
mathematician, his eyes twinkling.

The son knew that his father played
a stronger game than his mother. To
maximize his chance of winning two
games in succession, should he play
father-mother-father or mother-father-
mother?

Leo Moser, a mathematician at the
University of Alberta, is responsible for
this amusing question in elementary
probability theory. Of course you must
prove your answer, not just guess.

4.

In most cryptarithms a different let-
ter is substituted for each digit in a sim-
ple arithmetical problem. The two re-
markable cryptarithms shown above are
unorthodox in their departure from this
practice, but each is easily solved by
logical reasoning and each has a unique
answer.

In the multiplication problem at the
left in the illustration, newly devised by
Fitch Cheney of the University of Hart-
ford, each E stands for an even digit,
each O for an odd digit. The fact that
every even digit is represented by E does
not mean, of course, that all the even
digits are the same. For example, one E
may stand for 2, another for 4, and so
on. Zero is considered an even digit. The
reader is asked to reconstruct the numer-
ical.problem.

In the multiplication problem at the
right, each P stands for a prime digit
(2, 3, 5 0or 7). This charming problem
was first proposed some 25 years ago by
Joseph Ellis Trevor, a chemist at Cornell
University. It has since become a classic
of its kind.

D.

If one-fourth of a square is taken from
its corner, is it possible to dissect the
remaining area into four congruent
(same size and shape) parts? Yes, it can
be done in the manner shown at the left
in the illustration below. Similarly,

Three dissection puzzles
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The world’s smallest satellite has been developed by Space
Technology Laboratories. Its shape will be different from all
other satellites before it. STL engineers and scientists have
used a tetrahedral configuration to bring about some remark-
able characteristics in a space vehicle. There will be no need
for batteries nor regulators in flight. The satellite will have
no hot side, no cold side. It will require no attitude control
devices. No matter how it tumbles in space it will always
turn one side toward the sun to absorb energy, and three
sides away from the sun to cool instrumentation and telem-
etry equipment inside. It can perform isolated experiments
in conjunction with other projects. Or it can be put into
orbit by a small rocket to make studies of its own, up to five
or more separate experiments on each mission it makes.

s/

STL is active on hardware projects such as this and as prime
contractor for NASA’s OGO and an entirely new series of
classified spacecraft for Air Force — ARPA. We continue
Systems Management for the Air Force’s Atlas, Titan and
Minuteman programs. These activities create immediate
opportunities in: Space Physics, Radar Systems, Applied
Mathematics, Space Communications, Antennas and Micro-
waves, Analog Computers, Computer Design, Digital
Computers, Guidance and Navigation, Electromechanical
Devices, Engineering Mechanics, Propulsion Systems,
Materials Research. For So. California or Cape Canaveral
opportunities, please write Dr. R. C. Potter, Dept. _]1(), One
Space Park, Redondo Beach, California, or P. O. Box 4277,
Patrick AFB, Florida.STL is an equal opportunity employer.

SPACE TECHNOLOGY LABORATORIES, INC.

a subsidiary of Thompson Ramo Wooldridge Inc.

Los Angeles ¢« Vandenberg AFB ¢+ Norton AFB, San Bernardino ¢ Cape Canaveral » Washington, D.C. * Boston ¢ Huntsville ¢« Dayton
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an equilateral triangle with one-fourth
of its area cut from a corner, as in the
center figure in the illustration, can also
be divided into four congruent parts.
These are typical of a large variety of
geometric puzzles. Given a certain geo-
metric figure, the task is to cut it into a
specified number of identical shapes that
completely fill the larger figure.

Can the square at the right in the
illustration be dissected into five con-
gruent parts? Yes, and the answer is
unique. The pieces can be any shape,
however complex or bizarre, provided
that they are identical in shape and size.
An asymmetric piece may be “turned
over”; that is, it is considered identical
with its mirror image. The problem is
annoyingly intractable until suddenly
the solution strikes like lightning.

6.

Robert Abbott, author of the recently
published book Four Card Games, pro-
vided the curious street map reproduced

below, accompanied by the following
story:

“Because the town of Floyd’s Knob,
Indiana, had only 37 registered automo-
biles, the mayor thought it would be
safe to appoint his cousin, Henry Stables,
who was the town cutup, as its traffic
commissioner. But he soon regretted his
decision. When the town awoke one
morning, it found that a profusion of
signs had been erected establishing nu-
merous one-way streets and confusing
restrictions on turns.

“The citizens were all for tearing
down these signs until the police chief,
another cousin of the mayor, made a
surprising discovery. Motorists passing
through town became so exasperated
that sooner or later they made a pro-

Y hibited turn. The police chief found that

the town was making even more money
from these violations than from its speed
trap on an outlying country road.

“Of course everyone was overjoyed,
particularly because the next day was
Saturday and Moses MacAdam, the

county’s richest farmer, was due to pass
through town on his way to the county
seat. They expected to extract a large
fine from Moses, believing it to be im-
possible to drive through town without
at least one traffic violation. But Moses
had been secretly studying the signs.
When Saturday morning came, he aston-
ished the entire town by driving from
his farm through town to the county seat
without a single violation!

“Can you discover the route Moses
took? At each intersection you must fol-
low one of the arrows. That is, you may
turn in a given direction only when there
is a curved line in that direction, and you
may go straight only when there is a
straight line to follow. You may leave an
intersection only at the head of an ar-
row. For instance, at the first intersection
after leaving the farm, you have only
two choices: to go north or to go straight.
If you go straight, at the next intersec-
tion you must either go straight or turn
south. True, there is a curved line to the

north, but there is no arrow pointing

START

'3

NORTH

FINISH
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The traffic maze in Floyd’s Knob
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DESIGNING WITH MYLAR ® POLYESTER FILM

™

) G N

MYLAR...in the voice you hold in your hand

People without voices use esophageal speech. .. mouth-
ing air into words. Now Western Electric provides them
with a supplement: an all-transistorized artificial larynx
with a thin diaphragm cover of rugged ‘‘Mylar’’ polyester
film. It is a voice they can hold in their hand.

One problem was the selection of a material to cover
the diaphragm. It had to be flexible, to transmit vibra-

tion to the throat; tough, to resist puncture.-It.had to
reject corrosive perspiration; remain-thermally stable
in all climates. Above all, it had to operate for years
without drying out or cracking. A material which met all

these requirements was thin ‘“Mylar’’ polyester film.
Today, ‘‘Mylar" is a basic material for design. Flexible,
but strong. Thin, but durable. Doing new things that
couldn’t be done before. Doing old things—better.
Try “Mylar”. Investigate its amazing properties as a
key to solving your design problem. Write or call Du Pont,
Film Department, N-10452SA, Wilmington, Delaware.

ﬂmm only DU PONT makes
MYLAR

POLYESTER FILM
Better Things for Better living . . . through Chemistry
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Lets Quit Kidding |

C# s #0

A sigma is a sigma (O).
It's not an s nor is it a &. [
O is an accepted abbreviation for:

molecular diameter |
standard deviation

surface tension

specific conductance
Stefan-Boltzmann constant |
stress, normal.

If O or any other symbols are im-
portant in what you write, you need
TYPIT ®. Over 500 different symbols
are available.

It takes only 4 seconds to insert a
TYPIT ® symbol as you type. Call
your local office machine dealer or
write to the address below for catalog
of symbols and additional information.

mechanical enterprises, inc.
3127 Colvin Street
Alexandria 8, Virginia

Advanced Coatings
for
Advanced Projects

White Room Cleanliness |

Where ultra-cleanliness is of utmost impor-
tance, consider TILE-COTE® as a mainte-
nance-free finish. TILE-COTE® provides a
high-density, readily-decontaminated film
with an inert, virtually impermeable
surface of ceramic-like appearance and
permanence.

Sample specifications . . .

e Adhesion: excellent to wood, metal,
masonry and mortar, glass ana most
plastics

e Pot life: min. 8 hrs. at 75° F.
e Temp. range: 250° F. to —40° F.

e Unaffected by: steam, alcohols,
lubricants, carbon tetrachloride,
detergents and cleansers, aromatic
and aliphatic hydrocarbons and
other corrosives.

Versatility is an important feature of TILE-
COTE®, which may be applied as a filler-
finish system over bare wood and masonry
or as a finish over painted surfaces. Fif-
teen bright high-reflectance colors are
available with identical service criteria.
Write for bulletin P-52B with full data,
specifications, and color standards.

|
é/ THE WILBUR & WILLIAMS CO., INC.
WW

752 Pleasant St., Norwood, Mass.
CREATORS OF ADVANCED COATINGS FOR INDUSTRY
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north, so you are forbidden to leave that

| intersection in a northerly direction.”

7.

Every now and then a magazine runs
a cover picture that contains a picture
of the same magazine, on the cover of
which one can see a still smaller picture
of the magazine, and so on presumably
to infinity. Infinite regresses of this sort
are a common source of confusion in
logic and semantics [see “Paradox,” by
W. V. Quine; SCIENTIFIC AMERICAN,
April, 1962]. Sometimes the endless
hierarchy can be avoided, sometimes
not. The English mathematician J. E.
Littlewood, commenting on this topic
in one of his books, recalls three foot-
notes that appeared at the end of one of
his papers. The paper had been pub-
lished in a French journal. The notes, all
in French, read:

“1. I am greatly indebted to Prof.
Riesz for translating the present paper.

“2. 1 am indebted to Prof. Riesz for
translating the preceding footnote.

“3. I am indebted to Prof. Riesz for
translating the preceding footnote.”

Assuming that Littlewood was com-
pletely ignorant of the French language,
on what reasonable grounds did he
avoid an infinite regress of identical

footnotes by stopping after the third
footnote?

[0]
O.

An old numerical problem that keeps
reappearing in puzzle books as though
it had never been analyzed before is the
problem of inserting mathematical signs
wherever one likes between the digits
1,2,3,4,5, 6,7, 8,9 to make the ex-
pression equal 100. The digits must re-
main in the same sequence. There are
many hundreds of solutions, the easiest
to find perhaps being

1+2+3+4+5+6
+74+(8X9)= 100.

The problem becomes more of a chal-
lenge if the mathematical signs are
limited to plus and minus. Here again
there are many solutions, for example

1+2+34—-5+67—8+9= 100
124+3—-4+5+67+8+9= 100
128—4—-5—-6—-7+8—-9= 100,

123 +4 -5+ 67 —-89= 100,
123 +45—-67+8—-9= 100,
123 —45—-67 +89 = 100.

“The last solution is singularly simple.”
writes the English puzzlist Henry

o

\mhh“____‘##,/

Archimedes’ problem of the crossed cylinder:
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Blabbermouth

NARATE is an automatic radar test system developed
for the Navy by Northrop. One of its main functions is
to warn the radar operator when anything goes wrong
with his equipment. But that’s just the first step.
When itdiscoversa fault in theradar, NARATE can be
programmed to find out what the trouble is, and isolate
it down to the lowest removable unit. Or it can be di-
rected to bypass the fault in order to continue the test.

NARATE has been tested at the Navy Electronics Lab-
oratory, San Diego, for integration and compatibility
with a complex air search radar. It is now installed
aboard the USS Columbus for evaluation in fleet oper-
ations. Based on the proven Datico automatic test
equipment concept, NARATE was developed for the

Navy by the N i
D?\Z:ionyo; gortiitcf:.n © N o RT H R n P
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arne)
ELECTROSTATIC GENERATORS

Utilized Worldwide for Applications in:

Nuclear Physics, Insulation Testing,
Electron Microscopy, Mineral Separation,
Electrostatic Precipitation

Provide High-Voltage Power Supplies in a
‘Wide Range of Models...Featuring:

® Essentially pure DC output

Voltages to 600 KV, infinitely variable
Current to 14 ma

Medium or High Stability, to 0.19, hr.
drift

Easily adjustable, closely regulated out-
put voltages to .0019,

® Simplified maintenance, long life

Extreme safety: Low output capacitance,
Minimal short-circuit & overload currents,
Remote adjustment & shut down

Write now for new Catalog 100 covering the com-
plete line of Sames Electrostatic Generators.

arne)

US4, INCORPORATED
" Dept. 118, 269 Commercial Ave., Palisades Park, N. J.

NEW MINATURE B] QWER

This precision miniature blower de-
livers 9 c¢fm against a paey.
pressure of .75” H,0 (13 cfm free
air). Operates on 26 v.a.c., 400

cycle, using 325 ma. maximum,

LA D.C. version also available
e from stock. Ask for Technica|
prec's'on ! Bulletin VAX from Globe |n.
MINOX s vessomy
Avenue, Dayton 4, Ohio,
camera

The miniscule Minox is but 37" long—weighs
a mere 3% oz. Although it's the world’s smallest
and lightest precision-engineered camera, it has
most of the important big camera features that
make it a photographic gem: built-in exposure
meter; large, bright optical viewfinder; 2 built-in
filters; F/3.5 Complan four element color-cor-
rected lens; focuses 8" to infinity; all speeds
to 1/1000 sec.; 50 exp. magazine that loads
in seconds. If you loathe cumbersome camera
equipment, make this your year to own a Minox!
Write for brochure.

135” dia.
1.4 ounces
actual size

Minox B with bulit-In exposure meter,
chain and leather case. Under $150.00

Minox Corporation
@ Forest Hills 75, N.Y.

a famous camera from camera- tomous LLE{TIILEN
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GLOBE INDUSTRIES, INC.

GLOBE
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Ernest Dudeney in the answer to Prob-
lem No. 94 in his Amusements in Mathe-
matics, “and I do not think it will ever
be beaten.” As far as I know, Dudeney’s
claim has never been challenged.

In view of the popularity of this prob-
lem it is surprising that so little effort
seems to have been spent on the problem
in reverse form. That is, take the digits
in descending order, 9 through 1, and
form an expression equal to 100 by in-
serting the smallest possible number of
plus or minus signs. The answer to this
problem is still open, but next month I
shall give the best solution I know.

9.

One of Archimedes’ greatest achieve-
ments was his anticipation of some of

| the fundamental ideas of calculus. The

problem illustrated on page 136 is a
classic example of a problem that most
mathematicians today would regard as
unsolvable without a knowledge of cal-

| culus (indeed, it is found in many calcu-

lus textbooks) but that yielded readily
to Archimedes’ ingenious methods. The
two circular cylinders intersect at right
angles. If each cylinder has a radius of
one unit, what is the volume of the
shaded solid figure that is common to
both cylinders?

No surviving record shows exactly
how Archimedes solved this problem.
There is, however, a startlingly simple
way to obtain the answer; in fact, one
need know little more than the formula
for the area of a circle (pi times the
square of the radius) and the formula
for the volume of a sphere (four-thirds
pi times the cube of the radius). It may
have been the method Archimedes used.
In any case, it has become a famous
illustration of how calculus often can be
completely side-stepped by finding a
simple approach to a problem.

17he six divisibility problems present-
ed in last month’s department are
solved as follows:

1. To prove that a number of the form
ABABAB must be evenly divisible by 7,
we have only to note that such a num-
ber is the product of AB and 10101.
Because 10101 is a multiple of 7, the
number ABABAB must be also.

2. When the digits 1 to 7 are ran-
domly arranged to form a number, the
probability that the number is divisible
by 11 is 4/35. To be divisible by 11 the
digits must be arranged so that the dif-
ference between the sum of one set of
alternate digits and the sum of the other
set of alternate digits is either O or a
multiple of 11. The sum of all seven
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we
probed
miniaturization

Indiana General engineers probed new ways to increase the packaging density and extend the operating tem-
perature range of memory stacks. By using a continuous wire method of inserting drive lines through memory
planes — and then folding the individual arrays — the MICROSTACK was developed. This unique stringing tech-
nique eliminates bulky frames and all solder connections between planes. As a result, a MICROSTACK slashes
space requirements 90% compared to conventional stacks and offers new standards of reliability. m 1GC
MICROSTACKS are available with up to 32,768 cores in a single matrix enclosure. Individual units may be stacked
to provide any desired memory capacity. Temperature-controlled MICROSTACKS operate between —55° C and
+85°C. m MEMORY SYSTEMS ARE OUR BUSINESS. MICROSTACKS are typical of the advanced engineering
you receive when you let IGC engineers solve your memory system problems. Write today for facilities brochure
to Indiana General Corporation, Electronics Division, Keasbey, New Jersey.

INDIANA GENERAL = =3

X

FERRITES

MEMORY
SYSTEMS

3S

MINIATURE
MOTORS

PERMANENT
MAGNETS

MAGNETIC
EQUIPMENT
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Questar is the finest and most versatile small telescope in the world.

| book Puzzles Old and New

Its superb new optical system embodies the first basic discovery in
telescope optics in 200 years. These optics belong to the new family of
catadioptric, or mixed lens-mirror, systems, and permit a full-sized
3.5 inch telescope of 7-foot focal length to be compressed by optical
folding into a closed tube only 8 inches long. Questar thus becomes
the world’s shortest high-powered telescope.

All Questar’s advantages stem from this ultra-compactness of its
unique design. Superfluous now is the great tripod, the heavy
machinery and counterweights of the long-tubed single-purpose
telescope. In their place is a beautiful little 7-pound example
of hand craftsmanship which is not just one instrument, but several.

It does many things superbly well. It does them so easily and
conveniently that you might well ask why such an instrument was not
made before. The answer is that an extremely short form of the new
optics had to be developed, new methods devised for its manufacture,
and radically new ways to mount a telescope invented and perfected.

Questar introduced the new optics to the world in this daringly
short design in May, 1954, after 8 years of research and development. |
Since then its performance has astonished everyone, including us
who make it. It has firmly established the superfine telescope on a new
level of serious respect. And it has made this company not only the
world’s largest manufacturer of short catadioptric telescopes but the
only maker of f/2 Cassegrain high-power optical systems.

These paragraphs open the 32-page Questar booklet which is
illustrated by some astonishing photographs, showing 1- and 2-second
detail, that let the instrument’s high performance speak for itself.
May we send you a copy? Questar costs only $995 in English fitted
leather case and is sold only direct at one factory price.

QUESTAR

Box 20 New Hope, Pennsylvania
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digits is 28. It is easy to find that 28 can
be partitioned in only two ways that
meet the 11 test: 14|14 and 25|3. The
25|3 partition is ruled out because no
sum of three different digits can be as
low as 3. Therefore only the 14 ‘14 par-
tition need be considered. There are 35
different combinations of three digits
that can fall into the B positions in the
number ABABABA. Of the 35, only four
(167, 257, 347, 356) sum to 14. There-
fore the probability that the number
will be divisible by 11 is 4/35.

3. The smallest number that has a
remainder of one less than the divisor,
when divided by each integer from 2 to
10 inclusive, is 2519. It is amusing to
note that “Professor Hoffmann,” in his
(1893),
calls this a “difficult problem” and de-
votes more than two pages to solving
it by a complicated application of divisi-
bility rules. Hoffmann failed to note
that each division falls just one short of
being exact, so we need only to find the
lowest common multiple of 2, 3, 4, 5, 6,
7,8, 9, 10, which is 2520, then subtract
1 to get the answer.

4. The problem of the cube with the
missing edge of smaller cubes is equiva-
lent to showing that a number of the
form n® —n (where n is any positive
integer greater than 1) must always be
evenly divisible by 6. The following is
perhaps the simplest proof:

n—n=n(n2—1)=n(n—=1)(n+1).

The expression to the right of the sec-
ond equal sign reveals that the number
(n® —n) is the product of three con-
secutive integers. In any set of three
consecutive integers, it is easy to see that
one integer must be divisible exactly by
3 and that at least one integer must be
even. (These two properties may, to be
sure, unite in the same integer, e.g., 17,
18, 19.) Since 2 and 3 are factors of the
product of the three consecutive in-
tegers, the product must be divisible by
2 X 3, or 6.

5. The remainder, when 3 to the pow-
er of 123456789 is divided by 7, is 6.
The short cut here is that successive
powers of 3, when divided by 7, have
remainders that repeat endlessly the six-
digit cycle 3, 2, 6, 4, 5, 1. Divide
123456789 by 6 to obtain a remainder
of 3, then note the third digit in the
cycle. It is 6, the answer to the problem.

6. The problem asked for a set of four
different digits, excluding 0, that could
not be arranged to make a four-digit
number divisible by 7. Of the 126 dif-
ferent combinations of four digits. only

| chree work: 1238, 1389 and 2469.



CAPABILITY IS A TOTAL—a sum of related facilities. [t re-
quires a harmonious blend of skilled research teams,
disciplined production units, well-planned distributing
centers—all dedicated to the same capability goals.
O General Cable has great and varied capabilities. They
result from a planned, balanced organization with wide
experience in producing wire and cable products for every
kind of application. Our capabilities are always available
—for R&D as well as supply contracts of any scope.
General Cable Corporation, 730 Third Ave., New York 17

GENERAL @ CABLE CORPORATION
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This is the source of new
scientific measuring accuracy
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PROGRESS

in scientific measurement depends in part on continuing im-
provement of the oscilloscope, a basic measuring tool that
visually displays repetitive or fleeting electrical phenomena.

Dramatic improvements in circuitry have made the oscilloscope
a versatile and indispensable tool. Yet, refined and sophisticated
as scope circuitry may be, the limitations of conventional cath-
ode ray tubes can create reading errors which only improved
CRT design can correct. Hewlett-Packard has combined both
electronic and manufacturing achievements to produce oscillo-
scope CRTs that come closer than ever before to eliminating
human reading error.

Three basic improvements have been made: a 50% greater
picture size on a high-frequency scope, removal of parallax view-
ing error, and the elimination of reflected glare.

For high speed (50 MC) oscillography, & has produced an en-
tirely new cathode ray display tube. This new 12,000 volt CRT
displays high speed electrical signals on a full 6 cm x 10 cm cali-
brated screen (509 larger than previously available for high
frequencies) . Deflection defocusing has been eliminated, and the
sensitivity of the CRT has been doubled. Less amplification is
needed to swing the electron beam so simpler, more reliable
driving circuits can be used. The 50% larger display that stays
in focus at full deflection significantly reduces the reading error.

Second, & developed a manufacturing technique to eliminate a
parallax viewing error which, on most oscilloscopes sold today,
can be as great as 59 unless every portion of the trace is viewed
from precisely in front of that part of the screen. This parallax
error was caused by a separation as great as 14” between the
trace, falling on the inside of the CRT face, and the square-
centimeter-scribed scaling graticule, placed on the outside sur-
face of the CRT face. & completely eliminated parallax error
by placing the graticule on the inside of the tube, in the same
plane as the trace. Readout is now identical from any angle.

Finally, glare and reflections from ambient light have always
plagued scope users. Viewing screens blocked out reflected light
but limited viewing to one person at a time. Now, an etching
process on the surface of the safety glass face plate on & CRT's
eliminates glare, at the same time preserving clear viewing.

Tllustrated here is the electron gun against a background
of flame from the gas jets of the assembly fixture.

Hewlett-Packard oscilloscope technology includes the
continuing tmprovement of cathode ray tube design and
construction for new sctentific measuring accuracy.

1501 Page Mill Road, Palo Alto, California
H EW LETT Hewlett-Packard S.A., Geneva; Hewlett-Pack-
ard (Canada) Ltd., Montreal; Boonton Radio
Corporation, Dymec Division, Harrison Labora-
PACKARD tories Division, Hewlett-Packard Associates,
F. L. Moseley Co., Palo Alto Engineering Com-
pany, Sanborn Company. Plants: California

COMPANY (4), Colorado (2), Massachusetts, New Jersey
(2); England, Germany. 7502

@ 175A 50 MC Universal Oscilloscope

is the first & scope to incorporate the new 12
Kv no-parallax CRT as standard equipment, al-
though the no-parallax feature is available as
standard or as an optional extra on other #
scopes. The 175A offers a 50 MC main vertical
amplifier; plug-in versatility for dual trace view-
ing to 40 MC, high sensitivity, sweep delay, time
marker, X-Y recorder output; simple calibration
and maintenance; preset automatic trigger over
entire bandwidth; new & modular packaging
for bench and rack mount in a single instru-
ment. $1,325.00 (Basic instrument. Versatile
plug-ins optional at extra cost.)
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