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BENCHEDI 

for greater 
floor space 
economy 
(24" W x 36" H x 35" D Overall) 

NEW ECON·O-CADE LOW I HIGH 
TEMPERATURE TEST CHAMBER 
fills the need for a compact, yet highly-efficient 
bench mounted spacesaver. Built with all the 
care we put into our larger units, Econ-o-Cade's 
full one cubic foot of internal working volume 
(14" W x 14" H x 10" OJ makes it a "little giant", 
but with all the economies of mass production. 
Available with a basic cascade refrigeration 
system for low temperature operation, the new 
Econ-o-Cade offers, as an added feature at no extra 
cost, the rapid pull-down of liquid CO; refriger· 
ation. A CO2 Scrubber is standard equipment;, 
too. Temperature range is -100'F to +350'F. 
Rise time: Room ambient to +350'F in 45 min­
utes. Pull-down time: (Cascade Refrigeration) 
room ambient to -100'F within 60 minutes; t 
(Liquid CO2) room ambient to -100'F within 10 
minutes. A hinged or removable door and a com­
plete stainless steel liner makes it serviceable 
and maintenance worry-free! 

For information on Econ-o-Cade write for Bulle­
tin C-2S. If you'd like details on our other test 
equipment ask for our complete catalogue. 

Associated 
ASSOCIATED TESTING LABORATORIES, INC. 

164 Highway 46, Wayne, New Jersey 

Phone: (201) Clifford 6-2800 TWX: 201-256·4674 

134 

MATH E MATI CAL GAME S 
Topological di()prsions, including 
a bottle with no inside or outside 

by Martin Gardner 

Three iolly sailors from 
Blaydon-on-Tyne 

They went to sea in a bottle by Kleil1. 
Since the sea was entirely inside 

the hull 
The scenery seen was exceedingly dull. 

The Space Child's Mother Goose, 
by Frederick Winsor 

To a topologist a square sheet of 
paper is a model of a two-sided 
surface with a single edge. Crum­

ple it into a ball and it is still two-sided 
and one-edged. Imagine that the sheet is 
made of rubber. You can stretch it into a 
triangle or circle, into any shape you 
please, but you cannot change its two­
sidedness and one-edgedness. They are 
topological properties of the surface, 
properties that remain the same regard­
less of how you bend, twist, stretch or 
compress the sheet. 

Two other important topological in­
variants of a surface are its chromatic 
number and Betti number. The chro­
matic number is the maximum number 
of regions that can be drawn on the sur­
face in such a way that each region has 

a border in common with every other 
region. If each region is given a different 
color, each color will border on every 
other color. The chromatic number of the 
square sheet is 4. In other words, it is 
impossible to place five differently col­
ored regions on the square so that each 
pair has a boundary in common. (This 
should not be confused with the famous 
four-color theorem, which involves maps 
with any fini te number of regions.) The 
Betti number, named after Enrico Betti, 
a 19th-century Italian physicist, is the 
maximum number of cuts that can be 
made without dividing the surface into 
two separate pieces. If the surface has 
edges, each cut must be a "crosscut": 
one that goes from a point on an edge 
to another paint on an edge. If the sur­
face is closed (has no edges), each cut 
must be a "loop cut": a cut in the form 
of a simple closed curve. Clearly the 
Betti number of the square sheet is O. A 
crosscut is certain to produce two dis­
connected pieces. 

If we make a tube by joining one 
edge of the square to its opposite edge, 
we create a model of a surface topologi­
cally distinct from the square. The sur­
face is still two-sided but now there are 
two separate edges, each a simple closed 
curve. The chromatic number remains 4 
but the Betti number has changed to l. 
A crosscut from one edge to the other, 

Mobius sur/ace constructed with a square 
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TIrn� reports on the field of applications programming. 

Who trains computers for new jobs? 

The program that a computer follows in doing its work is 
a logical series of simplified directions. To develop these, 
the programmer must thoroughly understand the problem 
he wishes the computer to solve. IBM has studied its cus­
tomers' problems diligently and has worked out families 
of applications to which general program systems may be 
most efficiently applied. 

In an unusual example of applications programming, 
IBM assisted the U. S. Weather Bureau in programming 
a system for global weather simulation on an IBM 
STRETCH (7030). The computer program is based upon 
a mathematical model formulated by the General Circu­
lation Research Laboratory at the Weather Bureau, for 
research on the problems of long-range forecasting. In 
this massive system the basic processes of weather are 
simulated for the entire globe in a more detailed and 

fundamental manner than ever before. The simulated 
weather is calculated for as many as 10,000 grid points at 
each of nine atmospheric levels and for time intervals as 
small as five minutes, so that over ten billion calculations 
may be required to simulate the weather for a single day. 
Even in the highly efficient STRETCH language, over 
15,000 instructions were required for this versatile system, 
which incorporates such varied factors as radiation, tur­
bulence, clouds, oceans, mountain ranges, and forests. 

The breadth of applications being studied by IBM is 
demonstrated by these current projects: aerospace, air­
lines, banking, biomedicine, brokerages, public utilities, 
railroads, steel industries, and warehousing. If you wish to 
look into the opportunities open at I BM, an Equal Oppor­
tunity Employer, write to: Manager of Employment, IBM 
Corp., Dept. 659G, 590 Madison Ave., New York 22, N. Y. 

135 

© 1963 SCIENTIFIC AMERICAN, INC

This content downloaded from 
������������132.174.252.114 on Sun, 01 Feb 2026 07:15:39 UTC������������ 

All use subject to https://about.jstor.org/terms



This content downloaded from 
������������132.174.252.114 on Sun, 01 Feb 2026 07:15:39 UTC������������ 

All use subject to https://about.jstor.org/terms



RCA Thermionic Converter at work in an Atomic Reactc 

Out of Stillness ... electric power for tomorrow 
THROUGH RCA ELECTRON TUBE TECHNOLOGY 

Today man stands on the threshold of revolu­
tionary new ways to make electric power directly 
from light or heat through Direct-Energy Con­
version-without moving machinery. 
One of these unique methods, known as thermo­
electricity, generates a flow of current when 
certain unlike materials are joined together and 
heat is applied to the junction. Another, 
thermionic energy conversion, uses the principle 
of the electron tube. 

Both methods produce electricity directly from 
... nuclear heat ... heat from conventional 
fuels ... heat from the sun. 

A third major development, solar cells, even 
makes electricity from sunlight! 
Until recently, only a feeble flow of electricity 
could be developed by these methods. But now, 
at RCA, significant advancements in these tech­
nologies are making possible greater and greater 
amounts of electric power. 

Silent and mobile, Direct-Energy Conversion 
holds promise of bringing l ow-cost electric 
power to any place on earth, or in outer space. 
It is another way RCA is working to benefit 
mankind-through electron tube technology in 
science, industry and the national defense. 

Segment of thermoelectric module used il 
electric power generation (shown approxi 
mately one-half actual size). 

RCA Electron Tube Division 

.. The Most Trusted Name in Electronics 
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Decision-Making: Logistics Support ••• What, Where, When? 

Centuries ago the critical factor in logistics 

support was providing basic supplies­

food, armaments, raw materials for simple 

industries. A few decades ago, carrying 

capacity-sea and land transportation­

ruled as the decisive element. Within the 

last decade, a new critical element in 

logistics support has emerged. It has been 

created by the complex, interfacing gov­

ernmental, industrial and military structure 

of today. This new factor is up-to-the­

minute information-gathered from afar, 

varied in content, immense in volume. 

To help provide and control this flow of 

information, SOC scientists, and engineers 

have helped create a new technology: in­

formation systems which aid managers in 

determining the "what, where and when" 

of logistics support for world-wide and 

continental activities and forces. 

In developing these systems which pro­

vide information processing assistance, 

SOC scientists and engineers have evolved 

an interdisciplinary approach. Teams of 

operations research scientists, engineers, 

computer programmers and human factors 

scientists work together in these major 

system development steps: analyzing the 

system, synthesizing the system, instruct­

ing computers within the system, training 

the system, evaluating the system-and 

helping adapt the system to the changing 

needs of its users. 

Scientists and engineers interested in join­

ing this growing field are invited to write 

Dr. H. H. Best, SOC, 2430 Colorado Ave., 

Santa Monica, California. Positions are 

open at SOC facilities in Santa Monica; 

Washington, o. c.; Lexington, Massachu­

setts; Paramus, New Jersey; Dayton, Ohio. 

"An equal opportunity employer" 

Id\SDC 
System Development Corporation 

21·901 
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pose that this cannot be done with a 
square piece of paper, but it is easily 
managed by folding the square twice 
along its diagonals, as shown in the 
illustration on page 134. Tape together 
the pair of edges indicated by the arrow 
in the last drawing. The resulting sur­
face is the familiar Mobius strip, first 
analyzed by A. F. Mobius, the 19th­
century German astronomer who was 
one of the pioneers of topology. The 
model will not open out, so it is hard to 
see that it is a Mobius strip, but careful 
inspection will convince you that it is. 
The surface is one-sided and one-edged, 
with a Betti number of 1. Surprisingly, 
the chromatic number has jumped to 6. 
Six regions, of six different colors, can 
be placed on the surface so that each 
region has a border in common with 
each of the other five. 

When both pairs of the square's op­
posite edges are joined, without twist­
ing, the surface is called a torus. It is 
topologically equivalent to the surface 
of a doughnut or a cube with a hole 
bored through it. The top illustration on 
page 136 shows how a Hat, square­
shaped model of a torus is eaSily made 
by folding the square twice, taping the 
edges as shown by the solid gray line in 
the second drawing and the arrows in the 
last. The torus is two-sided, closed (no­
edged) and has a chromatic number of 7 
and a Betti number of 2. One way to 
make the two cuts is first to make a loop 
cut where you joined the last pair of 
edges (this reduces the torus to a tube) 
and then a crosscut where you joined the 
first pair. Both cuts, strictly speaking, are 
loop cuts when they are marked on the 
torus surface. It is only because you 
make one cut before the other that the 
second cut bccomes a crosscut. 

It is hard to anticipate what will hap­
pen when the torus model is cut in vari­
ous ways. If the entire model is bisected 
by being cut in half either horizontally 
or verticallv, along a center line parallel 
to a pair of edges, the torus surface re­
ceives two loop cuts. In both cases the 
resulting halves are tubes. If the model 
is bisected by being cut in half along 
either diagonal, each half proves to be a 
square. Can the reader find a way (be­
fore the answer appears in this depart­
ment next month) to give the model two 
loop cuts that will produce two separate 
bands interlocked like two rings of a 
chain? 

Many different surfaces are closed 
like the surface of a sphere and a torus, 
yet one-sided like a Mobius strip. The 
easiest one to visualize is a surface 
known as the Klein bottle, discovered in 

1882 b\· Felix Klein, the great German 
mathematician. An ordinary bottle has 
an outside and inside in the sense that 
if a flv were to walk from one side to 
the other, it would have to cross the 
edge that forms the mouth of the bot­
tle. The Klein bottle has no edges, no 
inside or outside. vVhat seems to be its 
inside is continuous with its outside, like 
the two apparent "sides" of a :\1obius 
surface. 

Unfortunately it is not possible to 
construct a Klein bottle in three-dimen­
sional space without self-intersection of 
the surface. TIle bottom illustration on 
pagc 136 shows how the bottle is tradi­
tionallv depicted. Imagine the lower end 
of a tube stretched out, bent up and 
plunged through the tube's side, then 
joined to the tube's upper mouth. In an 
actual model made, say, of glass there 
would be a hole where the tube inter­
sects the side. You must disregard this 
defect and think of the hole as being 
covered by a continuation of the bottle's 
surface. There is no hole, only an inter­
section of surfaces. This self-intersection 
is necessary because the model is in 
three-space. If we conceive of the sur­
face as being embedded in four-space, 
the self-intersection can be eliminated 
entirely. The Klein bottle is one-sided, 
no-edged and has a Betti number of 2 
and a chromatic number of 6. 

Daniel Pedoe, a mathematician at 
Purdue University, recently wrote The 
Gentle Art of Mathematics. It is a de­
lightful book, but on page 84 Professor 
Pedoe slips into a careless bit of dogma­
tism. He describes the Klein bottle as a 
surface that is a challenge to the glass 
blower, but one "which cannot be made 
with paper." Now, it is true that at the 
time he wrote this apparently no one 
had tried to make a paper Klein bottle, 
but that was before Stephen Barr, a 
science-fiction writer and an amateur 
mathematician of Woodstock, N.Y., 
turned his attention to the problem. 
Barr (Juickly"discovered dozens of ways 
to make paper Klein bottles. He is cur­
rently at work on a book of topological 
recreations, to be published later this 
year by the Thomas Y. Crowell Com­
pany. It will be crammed with all sorts 
of elegant new topological models fold­
ed out of paper. Here I will describe onlv 
one of Barr's Klein bottles; one that 
enables us to continue working with a 
square and at the same time follows 
closely the traditional glass model. 

The steps are given in the illustration 
at the right. First, make a tube by 
folding the square in half and joining 
the right edges with a strip of tape as 

SLOT 

A --------- f--

2 

Folding a Klein bottle from a square 
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ARE THE NAVAL 
LABORATORIES 
IN CALIFORNIA? 

Physically. the U. S. Naval Lab­
oratories in California are head­
quartered in California. which is no 
surprise. However, this is only part 
of the story ... for, in a sense. their 
activities extend throughout the 
world. For instance, scientists and 
engineers from the laboratories 
work in such far-flung and diver­
gent areas as Eniwetok, the Union 
of South Africa, Alaska, Australia 
and Hawaii. to name a few. 

Laboratory personnel and facili­
ties also occupy missile/satellite 
tracking ships in the Indian Ocean. 
participate in Operation Deep 
Freeze in the Antarctic. operate 
radar sites in Japan and probe the 
deep water secrets of, for example, 
t h e  M a r i a n n a s  T r e n ch i n  t h e  
Phillipines. 

The extensive global activities of 
the Naval Laboratories in Califor­
nia match the collective and indi­
vidual capabilities of each facility. 
Typical activities could involve. 
for example, oceanography studies 
(NEL); launching and tracking a 
Discoverer type satellite (PMR); 
arctic snow/ice research (NCEL); 
f l e e t  o r d n a n c e  d e v e l o p m e n t  
(NOTS); missile firing evaluation 
(NO LC); and nuclear radiation 
studies (NRDL). 

Whether your scientific/technical 
interests are stimulated by working 
in a mainland laboratory or partici­
pating in a specialized research 
project in the distant tropics or the 
arctic. the U. S. Naval Laboratories 
in California offer a maximum chal· 
lenge. Qualified scientists. engineers. 
and technicians who wish to ex­
plore employment opportunities at 
any of the laboratories listed below 
are invited to contact the Personnel 
Director. Dept. A. at the facil ity of 
thei r choice. 

U. S. Navy Electronics Laboratory (NEL), San 
Diego 

Pacific Missile Range (PMR) and U. S. Mis­
sile Center (NMC), Point Mugu 

U. S. Naval Civil Engineering Laboratory 
(NCEL), Port Hueneme 

U. S. Naval Ordnance Test Station (NOTS), 
China Lake and Pasadena 

U. S. Naval Ordnance Laboratory (NOLC), 
Corona 

U. S. Naval Radiological Defense Laboratory 
(NRDL), San Francisco 

U. S. Naval Personnel Research Activity 
(NPRA), San Diego 

All qualified applicants will be considered 
for employment without regard to race, 
creed. color, sex, or national origin. 

U. S. NAVAL 
LABORATORIES 
IN CALIFORNIA 

shown in Step 1. Cut a slot about a quar­
ter of the distance from the top of the 
tube (Step 2), cutting only through the 
thickness of paper nearest you. This cor­
responds to the "hole" in the glass 
model. Fold the model in half along the 
broken line A. Push the lower end of the 
tube up through the slot (Step 3) and 
join the edges all thc way around the top 
of the model (Step 4) as indicated by 
the arrows. It is not difficult to sec that 
this Rat, square model is topological­
ly identical with the glass bottle shown 
in the bottom illustration on page 136. In 
one way it is superior: there is no actual 
hole. True, you have a slot where the 
surface self-intersects, but it is easy to 
imagine that thc edgcs of thc slot are 
joined so that the surface is everywhere 
edgeless and continllOllS. 

Moreover, it is easy to cut this paper 
model and demonstrate many of thc bot­
tle's astonishing properties. Its Betti 
number of 2 is demonstrated by cutting 
the two loops formed by the two pairs of 
taped edges. If you cut the bottle in half 
vertically, you get two Mobius bands, 
one a mirror imagc of the other. This is 
best demonstrated by making a tall, thin 
model [see illustration belou; 1 from a 
tall, thin rectangle instead of a square. 
When you slice it in half along the 
broken line (actually this is one long 
loop cut all the way around the surface), 
you will End that each half opens out 
into a Mobius strip. Both strips are par-

Bisected bottle makes two Mobius strips 
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How to make a switch hitter see red 
Design a manual switch that's to be punched on cue from 
colored light and you'll need a color filter that holds its hue 
and its shape. 

Our new CLEARFORM@ Color Filters do just that and more, 
simply because they're glass. 

Take heat, for example. You could boil water inside some 
switches. Temperatures often get close to 300'F. Organic dyes 
discolor or fade in heat like that. Organic materials may warp 
out of shape. 

CLEAR FORM Color Filters hold their color because glass is 
inorganic. They hold their shape because we make them of low­
expansion borosilicate glass. And we can press them into circles, 
rectangles, squares, domes, or rods with common tolerances of 
0.010" per inch. 

There's no problem with color variation from filter to filter. 
We can meet MIL-C-25050 color specifications, or custom 
specifications if required. 

If you're concerned with panel-surface indicator lights, you 
can get exceptional wide-angle recognition with CLEARFORM 
Color Filters. 

That's because they are uniformly translucent. They obscure 
the lamp effectively, but transmit even color to nearly every 
viewing angle. 

You can forget deterioration of color and material caused by 
aging or weathering. Glass just doesn't recognize the calendar 
or the environment. 

If you'd like a bulletin on CLEARFORM Color Filters and their 
possibilities, write to our Lighting Market Development Group. 

A bulletin 
of practical 

new ideas from 

CORNING 

How to get properties you want in 
the shape you must have 

If a component shape dictated 
by your design is the only fac­
tor that has kept you from 
benefiting from the properties 
of glass, then you should know 
about our Multiform glass. 

You can get the chemical, 
dielectric, moisture, thermal, 
and transparent properties of 
glass in just about any shape 
you need - cylinders, domes, 
rods, slabs, or irregular objects. 

''\That's more, you can bal­
ance properties the way you 
want them because we can 
make Multiform from a great 
variety of glass com positions. 
Aside from standard commer­
cial glasses, you can have Mul­
tiform components of high­
temperature 96% silica glass 
or of ultrapure fused silica. 

The physical limitations are 

few. We can dry-press up to 
4" O.D. with a ±0.005" tol­
erance up to 1" thick with 
a ±0.010" or 2% tolerance. 
Through slipcasting, we can 
form circular cross sections or 
cylinders up to 60 pounds. 

Standard Multiform parts 
are opaque or translucent. 'I'Ve 
can color-code parts for you if 
desired. If you want transpar­
ency, we can process them 
further into CLEARFORM parts. 

We can help you choose the 
glass that gives you the prop­
erties you want, make it to the 
shape you need, and tell you 
how best to seal it to Dumet, 
platinum, molybdenum, Kovar. 

The men in our Industrial 
Components Market Develop­
ment group are the ones to 
contact. 

How to get help from us 
If there's one thing we really 
enjoy, it's being helpful. So 
often it leads to selling glass. 

But with 35,000 "products" 
on our shelves and more than 
100,000 glass compositions and 
property trade-offs in our files, 
we sometimes have trouble 
knowing where to start being 
helpful. 

Here's how you can help us. 
If you think glass holds the 
answer to one of your design 
problems-and it probably does 
-write us a letter that covers 
these points: 
• what the problem is, and in 

what application 
• include a drawing of the part, 

with critical dimensions in­
dicated. 

• which of these properties are 

important - thermal, physi­
cal, optical, chemical, elec­
trical? 

• projected volume 
• price goal 
• your timing 

We don't mean to pry, but 
the more you can tell us about 
the problem, the better we'll 
be able to find the right an­
swer in glass for you. And the 
quicker. 

Address such letters to Tech­
nical Products Division, Corn­
ing Glass Works, 4907 Crystal 
St., Corning, N. Y. 

A request to the same ad­
dress will bring you a copy of 
our new bulletin on "Engi­
neering With Glass." It can 
give you many good ideas on 
glass as a design material. 

CORNING 
CORNING GLASS WORKS 
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Not dry enough 
Most Lectrodryer customers are seeking 

a dryness that makes dinosaur bones seem 

sopping wet. We provide them with equip­

ment that will dry air, gases and organic 

liquids_ In addition to the usual process­

ing operations, Lectrodryers have an im­

portant place in cryogenics, space aero­

nautics and communication, a t o mi c  

research and other exotic assignments_ 

S e e k i n g  d r y n e s s? Write Pittsburgh 

Lectrodryer Division, McGraw-Edison 

Company, 336 32nd St., Pittsburgh 30, Pa. 

[Lrn®t[p®al[P�al� 
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2 

B----i c----

o 

Folding it cross·cap IIl1d projective plalle from Il square 

tially self-intersecting, but you can slide 
each strip out of its half-slot and close 
the slot, which is not supposed to be 
there anyway. 

If the bottle can be cut into a pair of 
Mobius strips, of course the reverse pro­
cedure is possible, as described in the 
following anonymous limerick: 

A mathematician named Klein 
Thought the Mobius band was divine. 

Said he: "If you glue 
The edges of two, 

You'll get a weird bottle like mine." 

Surprisingly, it is possible to make a 
single loop cut on a Klein bottle and 
produce not two Mobius strips but only 
one. A great merit of Barr's paper models 
is that problems like this can be tackled 
empirically. Can the reader discover 
how the cut is made? 

The Klein bottle is not the only simple 
surface that is one-sided and no-edged. 
A surface called the projective plane 
(because of its topological equivalence 
to a plane studied in projective geome­
try) is similar to the Klein bottle in both 

respects as well as in having a chromatic 
number of 6. As in the case of the 
Klein bottle, a model cannot be made in 
three-space without self-intersection. A 
simple Barr method for folding such a 
model from a square is shown in the 
illustration above. First cut thc square 
along the solid black lines shown in Step 
1. Fold the square along the diagonal 
A-A', inserting slot C into slot B as shown 
in Steps 2 and 3. You must think of the 
line where the slots interlock as an ab­
stract line of self-intersection. Fold up 
the two bottom triangular flaps E and F, 
one on each side (Step 4), and tape the 
edges as indicated. 

The model is now what topologists 
call a cross-cap, a self-intersecting Mo­
bius strip with an edge that can be 
stretched into a circle without further 
self-intersection. This edge is provided 
by the edges of cut D, originally made 
along the square's diagonal. Note that 
unlike the usual model of a Mobius strip, 
this one is symmetrical: neither right­
nor left-handed. When the edge of the 
cross-cap is closed by taping it as shown 
in Step 5, the model becomes a projec-
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tive plane. You might expect it to have 
a Betti number of 2, like the Klein bottIe, 
but it does not. It has a Betti number of l. 
No matter how you loop-cut it, the cut 
produces either two pieces or a piece 
topologically equivalent to a square 
sheet that cannot be cut again without 
making two pieces. If you remove a disk 
from anywhere on the surface of the pro­
jective plane, the model reverts to a 
cross-cap. 

The chart at the right summarizes all 
that has been said. The square diagrams 
in the first column show how the edges 
join in each model. Sides of the same 
color join each to each, with the direc­
tion of their arrows coinciding. Corners 
labeled with the same letter are corners 
that come together. Broken lines are 
sides that remain edges in the finished 
model. Next to the chromatic number 
of each model is shown one way in 
which the surface can be mapped to ac­
commodate the maximum number of 
colors. It is instructive to color each 
sheet as shown, coloring the regions on 
both sides of the paper (as though the 
paper were cloth through which the 
colors soaked) , because you must think 
of the sheet as having zero thickness. An 
inspection of the final model will show 
that each region does indeed border on 
every other one. 

�st month's problem was to determine 
the length of the red stripe on a 

barber's pole, given that the pole is four 
feet high and that the stripe cuts the 
elements of the pole (vertical lines 
parallel with the axis) at a constant 
angle of 60 degrees. 

If a right triangle is wrapped around 
any type of cylinder, the base of the 
triangle going around the base of the 
cylinder, the triangle's hypotenuse will 
trace a helix on the cylinder. Think of 
the red stripe of the barber's pole as the 
hypotenuse of a right triangle, then "un­
wrap" the triangle from the cylinder. 
The triangle will have angles of 30 and 
60 degrees. The hypotenuse of such a 
triangle must be twice the altitude. 
(This is easily seen if you place two such 
triangles together to form an equilateral 
triangle.) In this case the altitude is 
four feet, so that the hypotenuse (red 
stripe) is eight feet. 

The interesting part of this problem 
is that the length of the stripe is inde­
pendent not only of the diameter of the 
cylinder but also of the shape of its cross 
section. The cross section can be an 
irregular closed curve of any shape 
whatever; the answer to the problem 
remains the same. 
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