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A BSTRACT
We show that a curvature condition on the Gauss-Kronecker curvature and scalar curvature of a
convex smooth hypersurface lying in the four dimensional Euclidean space yields a lower bound
for the mean curvature. The curvature condition we investigate is suggested by the local geometry
of cylinders in the four dimensional Euclidean space.
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1. Introduction
Myers proved in 1941 [17] an important result providing sufficient conditions in terms of Ricci curvature
to determine the compactness of a Riemannian manifold. His work was inspired by Ossian Bonnet’s original
inquiry [1]. This theorem inspired many authors e.g. [5, 13], more recently [2], and attracted the interest on
prescribing meaningful curvature conditions.
The classical curvature invariants are the Gaussian curvature [14] and Sophie Germain’s mean curvature
[15], which are studied in literature, see e.g. [12]. By the other hand, B.-Y. Chen introduced in the early 1990s a
class of fundamental curvature invariants [6, 7, 9], which raise many other interesting questions in the general
area of geometric inequalities. These fundamental works motivated and inspired several other constructions
e.g., among many other papers, [4, 10, 11, 18, 19, 20, 21], etc. For a complete overview of the developments, the
best reference is [9]. The inspiration in our study is the context created by these recent developments.
The inequality discussed in this paper pursues a recent result published by the first author in [16]. We can
view the present discussion as a quest for the geometric interpretation of a natural algebraic inequality, in the
spirit of [3, 20].
1.1. Notations in the Geometry of Smooth Hypersurfaces
To recall a few concepts in the differential geometry of smooth hypersurfaces, we start by considering σ : U ⊂
Rn → Rn+1 , a smooth hypersurface given by the smooth map σ. Let p be a point on the hypersurface. Denote
∂σ
σk (p) = ∂x
, for all k from 1 to n. Consider {σ1 (p), σ2 (p), ..., σn (p), N (p)}, the Gauss frame of the hypersurface,
k
where N denotes the normal vector field. We denote by gij (p) the coefficients of the first fundamental form and
by hij (p) the coefficients of the second fundamental form. Then
gij (p) = hσi (p), σj (p)i,
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hij (p) = hN (p), σij (p)i.
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The Weingarten map Lp = −dNp ◦ dσp−1 : Tσ(p) σ → Tσ(p) σ is linear. Denote by (hij (p))1≤i,j≤n the matrix
associated to Weingarten’s map, that is:
Lp (σi (p)) = hki (p)σk (p),

where the repeated index and upper script above indicates Einstein’s summation convention. Weingerten’s
operator is self-adjoint, which implies that the roots of the algebraic equation
det(hij (p) − λ(p)δji ) = 0

are real. The eigenvalues of Weingarten’s linear map are called principal curvatures of the hypersurface. They
are the roots k1 (p), k2 (p), ..., kn (p) of this algebraic equation. The mean curvature at the point p is
H(p) =

1
[k1 (p) + ... + kn (p)],
n

and the Gauss-Kronecker curvature is
K(p) = k1 (p)k2 (p)...kn (p).

If all the principal curvature of a smooth regular hypersurface are ≥ 0, then the hypersurface is convex.

2. The Main Result
We start our discussion by investigating an example. Consider the cylinder S 1 × R × R ⊂ R4 , given by the
parametrization
σ(t, y, z) =< cos t, sin t, y, z > .
Then its principal curvatures are a = 1, and b = c = 0 at every point. It is natural to think of extending this
description of cylinders by the local behavior of the hypersurface’s principal curvatures. The idea we pursue
is the following.
Let σ : U ⊂ R3 → R4 be a smooth hypersurface and let p be a point on the hypersurface. We denote by a, b, c
the principal curvatures at p. By using Gauss formula, we have scal(p) = ab + bc + ca. The mean curvature is
H(p) = 31 (a + b + c), and the Gauss-Kronecker curvature is K(p) = abc.
The curvature condition we investigate is
(1 − a)(1 − b)(1 − c) = abc.

(2.1)

Remark first that the condition (2.1) is equivalent to
1 + ab + bc + ca = a + b + c + 2abc,

which translates in terms of curvature invariants into
1 + scal = 3H + 2K.

We prove the following result, whose geometric interpretation will be discussed right after the proof.
Theorem 2.1. Let σ : U ⊂ R3 → R4 be a smooth convex hypersurface and let p be a point on the hypersurface. Let
a, b, c be the principal curvatures at p. Suppose scal(p) = ab + bc + ca, the mean curvature H(p) = 31 (a + b + c), and
the Gauss-Kronecker curvature K(p) = abc satisfy the condition
1 + scal = 3H + 2K.

Then
3H(p) ≥ 1.

Equality holds at parabolic points where the principal curvatures are two of them zeroes and one of them equal to 1.
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Proof: Should either of the principal curvatures a, b, or c be zero, then at least one of the other principal
curvatures must be 1, and this proves the assertion. If e.g. a = 0 and b = 1, then the equality case in
3H(p) = 1

yields immediately c = 0, so the parabolic points with principal curvature (1, 0, 0), (0, 1, 0), and (0, 0, 1) satisfy
the equality case. It is actually the only case in which the equality holds, as we shall soon see.
If one of the principal curvatures a, b, or c is greater than 1, then the conclusion follows immediately.
We need to prove the statement for 0 < a, b, c < 1. We will prove the inequality holds as claimed, it will be
strict, and the equality can’t occur.
We prove first the following assertion. If 0 < a, b, c < 1 satisfy (1 − a)(1 − b)(1 − c) = abc, then there exist the
real positive numbers x, y, z such that
a=

y
z
x
, b=
, c=
.
x+y
y+z
z+x

To prove this assertion, consider z > 0 a fixed arbitrary real number. From b =
x
bz
> 0, and from a = x+y
it follows that
y = 1−b
x=

y
y+z ,

it follows immediately that

abz
> 0.
(1 − a)(1 − b)

z
Since (1 − a)(1 − b)(1 − c) = abc, then z+x
= c. This proves the assertion.
For our second step, we claim that for x, y, z > 0, the following inequality always holds

y
z
x
+
+
> 1.
x+y y+z
z+x

(2.2)

To prove this inequality, we use the substitutions u = xy , v = yz , and w = xz . We have u, v, w > 0, and uvw = 1.
Furthermore,
x
y
z
1
1
1
+
+
=
+
+
.
x+y y+z
z+x
1+u 1+v 1+w
Then the inequality (2.2) is equivalent to
1
1
1
+
+
> 1,
1+u 1+v 1+w

which can be expanded directly to
3 + 2(u + v + w) + uv + vw + wu > 1 + u + v + w + uv + vw + wu + 1,

and this last inequality reduces to 1 + u + v + w > 0, which holds true. Note that in this case we can not have
equality.
Remark that cylinders S 1 × R × R ⊂ R4 satisfy the equality case at every point on the surface.
2.1. Conclusion
In her work published in 1831, Sophie Germain [15] investigated the properties of the mean curvature and
presented a solid argument on the importance of the study of mean curvature. Her motivation was triggered
by "la nécessité de savoir exprimer d’une manière générale les résistences nées de la courbure des surfaces."
Sophie Germain’s original intuition was to compare the curvature of spherical surfaces with that of cylindrical
surfaces. With this thought in mind, the Theorem we stated and proved above can be formulated in the
following way: if the hypersurface satisfies a cylinder-like curvature hypothesis, then the tension expressed by
the mean curvature can not be small. This is an illustration of Sophie Germain’s intuition for three-dimensional
smooth hypersurfaces in R4 . Sophie Germain’s original example was the cylinder, for which she pointed out
that the Gaussian curvature vanishes at every point, but to our intuition it looks curved [15].
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