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1. INTRODUCTION. A spectacular landmark in the history of mathematics was
the discovery by Archimedes (287-212 B.C.) that the volume of a solid sphere is twothirds the volume of the smallest cylinder that surroundsit, and that the surface area
of the sphere is also two-thirds the total surface area of the same cylinder. Archimedes was so excited by this discovery that he wanted a sphere and its circumscribing
cylinder engraved on his, tombstone, even though there were many other great accomplishments for which he would be forever remembered. He made this particular
discovery by balancing slices of a sphere and cone against slices of a larger cylinder,
using centroids and the principle of the lever, which were also among his remarkable
discoveries.
The volume ratio for the sphere and cylinder can be derived from first principles
without using levers and centroids (see [5]). This simpler and more natural method,
presented in sections 2 and 3, paves the way for generalizations. Section 4 introduces
a family of solids circumscribing a sphere. Cross sections of each solid cut by planes
parallel to the equatorial plane are disks bounded by similar n-gons that circumscribe
the circular cross sections of the sphere. We call these solids Archimedean globes
in honor of Archimedes, who treated the case n = 4. The sphere is a limiting case,
n --* o. Each globe is analyzed by dividing it into wedges with two planar faces and
one semicircular cylindrical face. In fact, Archimedes discussed (both mechanically
and geometrically) volumes of wedges of this type. Figure 1 shows the top view of
examples of globes with n = 3, 4, 6, and the limiting sphere.

Figure 1. Top view of Archimedeanglobes showing equatorswith n = 3, 4, 6, and oo.

Like the sphere, each Archimedean globe has both volume and surface area twothirds that of its circumscribing prismatic container. Section 5 treats the volume of
an Archimedean shell, the region between two concentric Archimedean globes. The
results are applied in section 6 to find the surface area of an Archimedean globe. A
common thread in all this work is the reduction of a problem to a simpler problem.
As surprising consequences of these new results, we also obtain: other families of
incongruent solids having both equal volume and equal total surface area (section 7);
the quadratureof the sine curve (section 8); and the centroid of any slice of a spherical
surface (section 9).
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2. VOLUME OF A SPHERE. We present first a geometric derivationof the volume
relation between a sphere and its circumscribing cylinder. By symmetry, it suffices to
consider a hemisphere and its circumscribing cylinder (whose radius is equal to its
altitude), as shown in Figure 2. A cone with the same altitude is drilled out of the
center of the cylinder. The cone's volume is one-third that of the cylinder, so the solid
that remains is a punctured cylinder with volume two-thirds that of the cylinder. To
show that the punctured cylinder has the same volume as the hemisphere, slice both
solids by an arbitraryhorizontal plane parallel to the base and note that corresponding
cross sections have equal areas. Then invoke Cavalieri's principle, which states that
two solids have equal volume if all cross sections taken at the same height have equal
areas.

Figure 2. The cross sections of the sphere and puncturedcylinder have equal areas.

To verify equality of areas, assume that the sphere has radius a and that the cutting
plane is at distance x from the center. It cuts a circular cross section of radius r, say,
with area wrr2.The corresponding cross section of the puncturedcylinder is an annulus
with outer radius a and inner radius x (because the altitude and radius of the cylinder
are equal), so its area is ra2 _- x2. But r and x are the legs of a right triangle with
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the following theorem, illustrated in Figure 3.
Theorem 1. Any two planes parallel to the base cut the sphere and the punctured
circumscribing cylinder in solid slices of equal volumes.

Figure 3. Two parallelplanes cut the sphere and puncturedcylinder in solid slices of equal volumes.

Corollary 2 (Archimedes). The volume of a sphere is two-thirds the volume of its
circumscribing cylinder
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Throughout this paper we express the main theorems in the style of Archimedes,
that is, by relating the volume (or surface area) of one solid to that of a simpler one.
Explicit formulas in terms of dimensions of the figures can be deduced from these
theorems.
EXAMPLES (Formulas for volumes). If a is the radius of the hemisphere in Figure 2, the volume of the punctured cylinder is two-thirds the area of its base times its
altitude, or 2jra3/3, which is also the volume of the hemisphere. The entire sphere has
volume
4jra3/3.also
Theorem
1
gives the volume of a spherical segment, the portion of a sphere
of radius a above a plane at distance R < a parallel to the equatorial plane. The corresponding punctured circumscribing cylinder has altitude R, from which a cone of
volume r R3/3 has been removed. The difference ra2R - R3/3 is the volume of the
corresponding portion of the sphere. Subtracting this from the volume of the hemisphere we get
2rta3 + 1wR3 -

ra2R

as the volume of the spherical segment. This can also be written as 7rh2(3a - h)/3,
where h = a - R is the height of the segment. Archimedes derived this by another
method, but expressed it as the ratio (a + 2R)/(2R) times the volume of a cone of
altitude h inscribed in the spherical segment.
3. VOLUME OF A SPHERICAL SHELL. A spherical shell is the region between
two concentric spheres. As expected, its volume is the difference of the volumes of
the two spheres. A somewhat unexpected result is obtained by taking a cross section
of the spherical shell by a plane that cuts both spheres. Suppose the inner and outer
radii are r and a, respectively, and that the cutting plane is at distance x from the center.
We assume that 0 < x < r, so the plane cuts both spheres. The cross section is an
annularring (Figure 4a) of outer radius s and inner radius t, say, with area
-_rt2
The unexpected result is that this area is independent of x: it's the same forrs2
all cutting
planes.

Figure 4. The cross-sectional area of a spherical shell cut by a plane that cuts both spheres is constant.

To see why, apply the Pythagorean Theorem twice, once to a right triangle with
hypotenuse a, and again to a right triangle with hypotenuse r (see Figure 4a). This
gives
ss2
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hence r(s2 - t2) = 7r(a2 - r2). Therefore each annular ring has area 7tra2- rr2,
which is independent of x. Now observe that ira2 -_rr2 is also the cross-sectional
area of the cylindrical shell between two coaxial cylinders with radii r and a, as shown
in Figure 4b. Therefore, by Cavalieri's principle we have the following result:
Theorem 3. Any slice of a spherical shell between two horizontalplanes that cut both
spheres has volume equal to the corresponding slice of a cylindrical shell cut by the
same planes.
The volume of the cylindrical shell is the area of its base times its altitude. In terms
of the radii, this volume is nr(a2 - r2)h, where h is the distance between the parallel cutting planes. In other words, for given radii, the volume is proportional to the
distance between the parallel cutting planes.
More generally, the portion of a spherical shell between any two horizontal planes
has volume equal to the corresponding portion of the punctured cylindrical shell. By
considering very thin spherical shells we can use this result to deduce the surface area
of a sphere. We prefer to deduce this later in section 6, where we explore surface areas
of general Archimedean globes.
In the next five sections we do not assume a knowledge of the volume or surface area
of a sphere; we realize they could be used to simplify many of our proofs by comparing
cross-sectional areas of spheres and circumscribed globes. Our purpose is to present a
sequence of elementary results that could have been discovered by Archimedes in his
quest for the volume and surface area of a sphere had he tried to simplify his geometric
analysis of wedges.
4. VOLUME OF AN ARCHIMEDEAN GLOBE. For convenience in drawing
figures, we define first an Archimedean dome circumscribing a hemisphere as in
Figure 5a. The base is an arbitrary polygon circumscribing the equator. Each cross
section of the dome by a plane parallel to the base is a similar polygon circumscribing
the circular cross section of the sphere and having the same orientation as the base
relative to the polar axis through the center. The union of a dome with its equatorial
mirrorimage creates an Archimedean globe.

Figure 5. An Archimedeandome whose volume is equal to that of the puncturedcircumscribingprism.

Incidentally, globes representing the Earth are often made this way using a regular
dodecagon as the equatorialbase. Astronomical observatoriesuse Archimedean domes
to cover their telescopes.
Figure 5b shows a circumscribing prism of the dome with the same polygonal base
and the same altitude, from which a pyramid with congruent base and vertex O has
been removed. The pyramid has volume one-third that of the prism, so the solid that
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remains has volume two-thirds that of the prism. Each horizontal cross section of the
punctured prism is a polygonal ring bounded by two polygons similar to the base.
We will show that the area of this ring is equal to the area of the corresponding cross
section of the dome, which implies that the dome and the puncturedprism have equal
volumes.
To show equality of cross-sectional areas, divide the dome into wedges of the type
shown in Figure 6a, with a right triangularbase of altitude a, a circular cylindrical
face of radius a, and two vertical plane faces. The curve on the cylindrical face joining the top of the dome to the vertex of the right angle at the base of the triangle is
called a meridian; it is a quarterof a circle of radius a. The curve on the other edge of
the cylindrical face is an ellipse. The circumscribing prism is correspondingly divided
into different triangularprisms of altitude a, each having a base congruent to the corresponding right triangular,base of the wedge, as shown in Figure 6b. Let T denote
the area of a typical triangularbase. A horizontal cutting plane at distance x above the
base cuts a triangle of area A (x) from the dome and a trapezoid of area T (x) from the
puncturedprism. It suffices to show that A (x) = T (x).
The area of the trapezoid is equal to T minus the area of a smaller similar triangle
of altitude c and similarity ratio c/a, as indicated in Figure 6b. But c/a = x/a, so the
smaller triangle has area (x/a)2T, hence T(x) = (1 - (x/a)2)T.
meridian

21area
T(x)--7
area T

a

(a)

are(aT

(b)

Figure 6. The cross-sectional areas A(x) and T(x) are equal for every x.

Let y be the altitude of the triangularcross section of the wedge in Figure 6a cut by
a plane at distance x from the base. This triangle is similar to the triangularbase with
similarity ratio y/a, so its area is (y/a)2T. But from Figure 6a we have x2 + y2 = a2
because the meridian is a circular arc, and therefore (y/a)2T = (I - (x/a)2)T =
T (x). In other words, A(x) = T(x), as we set out to prove. This argumentgives us:
Theorem 4.
(a) Corresponding slices of the globe and punctured prism cut by two planes parallel to the equator have equal volumes.
(b) The volume of an Archimedean globe is two-thirds the volume of its circumscribing prism.
When the numberof edges of the polygonal base tends to oo and the circumscribing
equatorialpolygon becomes a circle, the Archimedean globe becomes a sphere, and the
circumscribing prism becomes a circular cylinder. Thus, Theorem 1 and Corollary 2
are limiting cases of Theorem 4.
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EXAMPLES. Archimedean globes can also be constructedby combining wedge-like
portions of n semicircular cylinders whose axes are in the equatorial plane and intersect at the center of the inscribed equator, each axis being parallel to an edge of the
polygonal base. The two simplest examples (n = 3 and n = 4) are shown in Figures 7a
and 7b. The solid in Figure 7b (usually described as the intersection of two cylinders)
has volume two-thirds that of the smallest box that contains it. In his preface to The
Method [4, supplement, p. 12] Archimedes announced that the volume of intersection
of two perpendicularcylinders is two-thirds the volume of the circumscribing cube. A
globe whose equator is a regular n-gon circumscribing a sphere of radius a has volume (4/3)na3 tan(7r/n), whose limit as n -- o is 4ra3/3, the volume of a sphere of
radius a.

Figure 7. Portions of semicircularcylindrical wedges combined to form Archimedeanglobes.

The next section analyzes shells, which are analogous to solids constructed from
wedge-like portions of cylindrical pipes.
5. VOLUME OF AN ARCHIMEDEAN SHELL. The volume of the shell between
two concentric Archimedean domes is, of course, the difference between the volumes
of the outer and inner domes. Theorem 4(a) gives parts (a) and (c) of the following
theorem:
Theorem 5.
(a) Corresponding slices of an Archimedean shell and the punctured circumscribing prism cut by two planes parallel to the equator have equal volumes.
A
(b) slice of an Archimedean shell between parallel planes that cut both domes
has volume equal to the corresponding slice of a prismatic shell (of constant
thickness) cut by the same planes. This volume is the product of the distance
between the cutting planes and the area of the polygonal ring on the base.
(c) Corresponding slices of two different Archimedean shells with bases of equal
area cut by planes parallel to their common equatorial plane have equal volumes.
To prove part (b), look at Figure 8a, which shows one wedge cut from two concentric Archimedean domes with radii r and a, where r < a. The base of the wedge is a
trapezoid of altitude a - r. The wedge is intersected by two parallel horizontal planes
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that cut both domes. Each horizontal cross section is a trapezoid of variable altitude.
The corresponding cross sections in Figure 8b are trapezoids of equal area (but with
fixed altitude a - r), so by Cavalieri's principle the Archimedean shell and prismatic
shell have equal volumes.

Figure 8. Parallelplanes cut the Archimedeanshell and the prismatic shell in slices of equal volumes.

6. SURFACE AREA OF AN ARCHIMEDEAN GLOBE. Theorem 5(b) can be
used to give a heuristic argumentfor determining the surface area of an Archimedean
globe. Because of symmetry it suffices to treat the upper dome. Figure 9a shows one
wedge of a very thin Archimedean shell, with outer base b, outer radius a, and inner
radius r, where r is very nearly equal to a. The shell can be unwrapped (Figure 9b) to
form a figure that is flat and almost a prism, with its volume equal to the lateral area A
of the wedge times its thickness, or A (a - r). We want to determine A.
In proving Theorem 5(b) we found that the volume of a wedge of an Archimedean
shell is equal to the volume of a portion of a prismatic shell of thickness a - r. This
portion, shown in Figure 9c, is very nearly a thin rectangularslab of base b, altitude a,
thickness a - r, and volume ba(a - r). Equating this to A(a - r) we find A = ba.
The sum of the lateral areas A of all the slices is equal to the sum of the corresponding
products ba which, in turn, is the lateral surface area of the circumscribing prism.

areaA

A
lateral
area

b
(a)

(b)

b
(c)

Figure 9. The curved face of a slice of a thin Archimedean shell in (a) unwrappedso that it is flat as in (b).
The volume of the shell is very nearly equal to the area of the shell times its thickness. It is also equal to the
volume of the rectangularslab in (c) of the same thickness.

The same analysis applies to any portion of the Archimedean shell between two
parallel cutting planes. For the limiting case when r -- a we obtain:
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Theorem6.
(a) The lateral surface area of any slice of an Archimedean globe between two
parallel planes is equal to the lateral surface area of the corresponding slice of
the circumscribingprism. This area is proportional to the distance between the
parallel cutting planes.
(b) The total surface area of an Archimedean globe is equal to the lateral surface
area of the circumscribingprism.
This result, discovered by a heuristic argument, can be converted into a rigorous
proof by using the method of exhaustion or integration. In the limiting case when the
circumscribing prism becomes a circular cylinder, we obtain:
Corollary 7. The lateral surface area of a spherical slice cut by two parallel planes
is equal to the lateral surface area of the corresponding slice of the circumscribing
cylinder.
Using a different approach, Archimedes found the surface area of a sphere [4,
Proposition 33, p. 39], and the surface area of any segment of a sphere [4, Proposition 43, p. 53]. The statementfor the segment is particularlyelegant because it involves
only one parameter,the slant height of a cone inscribed in the segment. Proposition 43
states that the surface area of the segment is equal to that of a circle whose radius is the
slant height of the cone inscribed in the segment. This result holds more generally for
the surface area of any segment of an Archimedean dome (the portion of the surface
of the dome above a plane parallel to the equatorial plane, as shown in Figure 10).
Theorem 8. The surface area of any segment of an Archimedeandome is equal to that
of a polygon similar to the polygonal base circumscribing a circle whose radius is the
slant height of the corresponding inscribed pyramid.
Proof By Theorem 6(a), the surface area of a segment of height h is equal to hp,
where p is the perimeter of the polygonal base. Let a be the radius of the equator,
and let s denote the slant height of the inscribed pyramid (Figure 10a). Then s is the
hypotenuse of a right triangle with h as one leg, and s is also one leg of a similar right
triangle with hypotenuse 2a. Therefore 2a/s = s/h, or s/a = 2h/s. But s/a is the
similarity ratio of similar polygons circumscribing circles of radii s and a, respectively.
The polygon circumscribing the circle of radius s is shown in Figure 10b. If p, denotes
its perimeter, then its area is sps/2. By similarity, ps = (s/a)p = (2h/s)p, so area
sps/2 = hp, as required. (N.B. The relation s/a = 2h/s for the sphere also proves
Proposition 43.)
1
slant height

slant height

(a)

(b)

Figure 10. The surface area of a segment of a dome is equal to that of a polygon similar to the base.
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Theorem 4(b) states that the volume of an Archimedean globe is two-thirds the
volume of the smallest circumscribing prism. Now we prove the companion theorem
for surface area:
Theorem 9. The surface area of an Archimedean globe is two-thirds the total surface
area of its circumscribingprism.
Proof By Theorem 6(b), the total surface area of an Archimedean globe is equal to the
lateral surface area of the smallest circumscribing prism. Therefore to prove Theorem 9
it suffices to show that each polygonal base of the prism has area equal to one-fourth
the lateral surface area of the prism. Then the areas of the two bases plus the lateral
surface area is three-halves the surface area of the inscribed Archimedean globe.
The lateral surface of thp prism can be unwrapped to form a rectangle of area 2ap,
where p is the perimeter of the base and 2a is the altitude of the prism. The polygonal
base can be divided into right triangles of the type shown in Figure 8b, each with
altitude a and area abk/2, where bk is the base of the triangle. The sum of the bk is
0
equal to p, and the area of the polygonal base is ap/2 = (2ap)/4, as required.
When the polygonal base approaches a circle as a limit we obtain:
Corollary 10 (Archimedes). The surface area of a sphere is two-thirds the total surface area of its circumscribing cylinder.
Theorems 4 and 9 provide new proofs and significant generalizations of the landmark discoveries of Archimedes mentioned in the opening sentence of this paper. As
already remarked,Archimedes knew that the volume of intersection of two perpendicular cylinders is two-thirds that of the smallest cube that contains it, but apparentlyhe
never considered the corresponding surface areas, which by Theorems 4 and 9 are in
the same ratio. Finding the volume of two intersecting cylinders has become a standard exercise in calculus texts, but, except for the case of a sphere, we have not seen
the corresponding area relation of Theorem 9 discussed in the literature.
We turn next to two surprising consequences of Theorem 6.

7. INCONGRUENTSOLIDS WITH EQUAL VOLUMES AND EQUAL SURFACE AREAS. Figure 11a shows a horizontal slice of an Archimedean shell between
two parallel planes that cut both the inner and outer domes. Figure 11b shows the corresponding prismatic slice of the same constant thickness. The surface of each slice
consists of four components: (1) an upper horizontal polygonal ring; (2) a lower horizontal polygonal ring; (3) an outer lateral surface; and (4) an inner lateral surface. We
now prove:

Figure 11. Two incongruentsolids of equal volume with correspondingarea components of equal areas.
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Theorem 11. The two punctured slices so described have equal volumes, and corresponding components of the surface of each slice have equal areas. Consequently the
two slices have equal total surface areas.

Proof The volumesare equalby Theorem5(b). Fromthe analysisleadingto Theorem4, the upperhorizontalpolygonalringshaveequalareas,as do the lowerhorizontal
polygonalrings.By Theorem6(a), the two outerlateralsurfaceareasareequal,as are
the two innerlateralsurfaceareas.
m
Theorem 11 providesseveralinfinitefamilies of pairs of incongruentsolids that
haveequalvolumesandequaltotalsurfaceareas.Onefamilyis obtainedby varyingthe
numberof edges or shapeof the equatorialcircumscribedpolygon,a secondby varying
the distancebetweenthe parallelcuttingplanes, and a thirdby varyingthe distance
of one cuttingplane from the equatorialplane. Incidentally,the solids in Figure 11
resemble"washers"commonlyused, for example,in plumbingfixtures.
8. QUADRATUREOF THE SINE CURVE. The next surprisingconsequenceof
Theorem6 is the quadratureof the sine curve.A point on a unit circle that subtends
an angle of x radianshas rectangularcoordinates(cos x, sin x). Figure12a shows this
circle as the base of a rightcircularcylinderfrom which a wedge has been cut by a
plane througha diameterinclinedat an angle of 450 with the base. The point on the
cuttingplane directlyabovethe point (cos x, sin x) on the base has altitudesin x. In
Figure12b the lateralsurfaceof the wedge is unwrappedto forma regionlying above
an intervalof lengthr (halfthe circumferenceof the circle), so the upperboundaryof
the regionhas Cartesianequationy = sinx.

y = sin x

0

-

= sin x

x

'T

(cos x, sin x)
(1,0)
(a)

(b)

Figure 12. Generatinga sine curve by cutting a circular cylinder by an inclined plane through a diameter.

The front half of the wedge in Figure 12a can be regardedas a wedge of an
Archimedeandomethathas been tippedover so thatits circularface is in a horizontal
plane with the "top"of the dome at the point with rectangularcoordinates(1, 0). The
base of the wedge is an isosceles right trianglein a verticalplane. By Theorem6(a)
the lateralsurfaceareaof any portionof the wedge cut by a planeparallelto the base
of the dome is equalto the areaof the correspondingrectangularface cut from a slice
of the smallestcircumscribingprismaticshell. If the cuttingplaneis at a distancecos x
fromthe base of the dome,as shownin Figure13a,the rectangularface has base 1 and
altitude1 - cos x, as shownin Figure 13b.Thus,by elementarygeometry,we obtain
the quadrature
of the sine curveif 0 < x < 7r/2, but,of course,the resultholds for all
realx.
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(a)

(b)

face of the smallest
Figure 13. The lateralareaof a portionof the domeis equalto thatof a rectangular
circumscribing
prism.

Corollary 12. The area of the region under the sine curve and above the interval [0, x]
is equal to that of a rectangle of base 1 and altitude 1 - cos x. In calculus notation,

sint dt = 1 - cosx.

J
0

9. APPLICATIONS TO CENTROIDS. This paper determines the volume of a
curved solid in terms of that of a circumscribed punctured prismatic solid whose volume is known or can be easily calculated because it is bounded by plane faces. We
cut both solids by horizontal planes that produce cross sections of equal area A(x)
at an arbitraryheight x above a fixed base. Then we invoke Cavalieri's principle to
equate the volumes of the solids cut off between any two horizontal planes. In the
language of calculus, the value of the integral fxx2A (x) dx is the volume of the portion
of each solid cut by all horizontal planes as x varies over some interval [xI, x2]. (See
Theorem 2.7 of [1, vol. 1].) Because the integrand A(x) is the same for both solids,
the corresponding volumes are also equal.
Instead of integrating the common cross-sectional area A (x) of two solids to find
that their volumes are equal, we could just as well integrate any combination of x and
A(x), and the integral over [xl, x2] would be the same for both solids. For example,
the integral
dx is the first moment of the area function A(x) over [x1,
fx2 xA(x)
x2],
and this integral divided by the integral fx2 A(x) dx gives the altitude of the centroid
of the slice of each solid between the planes x = x1 and x = x2. Thus, not only are
the volumes of these slices equal, but also the altitudes of their centroids are equal.
Moreover, all moments fxx2kXA(x) dx with respect to the plane of the base are equal
for both slices. In other words, we have:
Theorem 13. With respect to the equatorial plane, all moments of corresponding
slices of an Archimedean shell and its circumscribing punctured prismatic shell are
equal.
We conclude this section with some examples of centroids that can be determined
using Theorem 13. Consider a shell between two concentric Archimedean domes with
radii r and a, where r < a. Theorem 13 enables us to locate the centroid of any portion of the shell between two planes parallel to the base that cut both domes. The
corresponding slice of a prismatic shell of constant thickness cut by the same planes
has its centroid located midway between the two parallel planes. Therefore this is also
the height of the centroid of the slice. Hence we have:
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Theorem 14. The centroid of any slice of an Archimedean shell between two horizontal planes that cut both domes lies midway between the two planes on the altitude
through the common center. In particular, the slice of the shell between the equatorial
plane and the plane whose distance from the center is the radius r of the inner dome
has its centroid at a distance r/2 above the equator

In the limitingcase when r -* a (so the thicknessof the shell tends to 0), we find
the followingcorollaryof Theorem14:
Corollary 15. The centroid of the surface of an Archimedean dome is at the midpoint
of its altitude.

In the limitingcase when the circumscribingequatorialpolygon becomes a circle,
this yields a knownresultfor a hemispherethatcan be found using surfaceintegrals
(see [1, vol. 2, p. 431]). The samelimitingcase of Theorem14 gives:
Corollary 16. The centroid of the surface of any slice of a sphere (in particular, of a
segment) is midway between the two parallel cutting planes.

Applicationsof the resultsof this paper,especiallyto certainnonuniformsolids for
whichArchimedes'mechanicalmethoddoes not apply,will be discussedelsewhere.
10. THE ARCHIMEDES PALIMPSEST. Ourknowledgeof the works of Archimedes comes fromHeath'streatment[4], firstpublishedin 1897 andreissuedin 1912
with a supplemententitledTheMethod,a newly discoveredworkaddressedto EratosthenesthatrecordsArchimedes'thoughtsabouthow he cameuponmanyof his results
mechanically.The workof Archimedeshas recentlyacquireda certaindegreeof notorietyin the public media because of an intriguingstory regardingthe Archimedes
Palimpsest,the oldest known survivingcopy of The Method.The story is well documentedin [3] and [6], beginningwith the conversionof a copy of the Archimedes
manuscriptinto a palimpsestin the twelfthcentury,and endingwith its suddenreappearanceand sale at auctionin 1998. An anonymousbuyerdepositedthe manuscript
in the WaltersArtGalleryin Baltimorefor studyandrestoration.Progressmadein reconstructingthe textis describedin an interview[2] with the curatorof theWaltersArt
Galleryandseveralinternationalscholars.Apparently,the finalchapterof this storyis
yet to be written.
Note: Computeranimatedversionsof partsof thispapercanbe viewedonlineat http://
www.its.caltech.edu/~mamikon/globes.html
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Falling in Love
Like any learnerI am slow.
No matterhow long it takesto say something
thereis a pausebeforeit is true.
Like any learnerI am afraid.
Pointsareblinking,lines are shimmering
andI cannotyet touch.
Like any learnerI am stupid.
Like any learnerI am tired.
I haveto sleep on it.
Like any mathematician
Go throughmy days,my weeks on it.
I cannotbe given.
I mustfirstprove.
Like any neighborhoodthis is not a point.
It's biggerthanepsilon
biggerthandelta
bigger,even, thanone.
-
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