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Abstract—Lutwak introduced the mixed brightness for con-
vex bodies. After, Li and Zhu put forward mixed-brightness
integrals. Recently, Yan and Wang defined the general Lp-
mixed brightness integrals. In this article, we establish the
Brunn-Minkowski, new cycle and Aleksandrov-Fenchel type
inequalities for the differences of general Lp-mixed Brightness
integrals.
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Minkowski type inequality, new cycle type inequality,
Aleksandrov-Fenchel type inequality.

I. INTRODUCTION

LET Kn denote the set of convex bodies (compact,
convex subsets with non-empty interiors) in Euclidean

space Rn. For the set of convex bodies containing the origin
in their interiors and the set of origin-symmetric convex
bodies in Rn, we write Kno and Knos, respectively. Let Sn−1

denote the unit sphere and V (M) denote the n-dimensional
volume of the body M . For the centered unit ball B, write
V (B) = ωn.

The projection bodies were introduced by Minkowski at
the turn of the previous century. For each M ∈ Kn, the
projection body, ΠM , of M is an origin-symmetric convex
body whose support function is defined by (see [3], [18])

h(ΠM,u) =
1

2

∫
Sn−1

|u · v|dS(M,v),

for all u ∈ Sn−1. Here S(M, ·) denotes the surface area
measure of M .

Lutwak first introduced the notion of the mixed brightness
of convex bodies in [15]. After, associated with the notion of
the projection bodies and the mixed brightness, Li and Zhu
[12] introduced the notion of mixed brightness integrals and
given the Lp-mixed brightness integrals, moreover, they also
established analogous to the Fenchel-Aleksandrov inequality
and isoperimetric inequality of the mixed brightness integrals
for the mixed volumes. For the mixed brightness integrals,
Zhao [24] established the greatest upper bound for the prod-
uct of the mixed brightness integrals of a convex body and its
polar dual. After, Zhou, Wang and Feng [27] obtained some
Brunn-Minkowski type inequalities for the mixed brightness
integrals. Recently, Li et al. firstly introduced the notion
of mixed complex brightness integrals [10] and dual mixed
complex brightness integrals [11], they extended the classical
concepts of mixed brightness integrals in real vector space
to complex cases.
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In 2005, Ludwig ([13]) combined with a function ϕτ :
R → [0,+∞) by ϕτ (t) = |t| + τt, τ ∈ [−1, 1], introduced
general Lp-projection bodies as follows: For M ∈ Kn

o , p ≥ 1
and τ ∈ [−1, 1], the general Lp-projection body Πτ

pM ∈ Kn
o

is defined by

hp(Πτ
pM,u) = αn,p(τ)

∫
Sn−1

ϕτ (u · v)pdSp(M,v),

where
αn,p(τ) =

2αn,p
(1 + τ)p + (1− τ)p

.

The normalization is chosen such that Πτ
pB = B. Obviously,

Π0
pM = ΠpM .
Recently, using the general Lp-projection bodies, Yan

and Wang [22] defined the general Lp-mixed brightness
integrals as follows: For M1, . . . ,Mn ∈ Kno , p ≥ 1 and
τ ∈ [−1, 1], the general Lp-mixed brightness integrals,
D

(τ)
p (M1, . . . ,Mn), of M1, . . . ,Mn is defined by

D(τ)
p (M1, . . . ,Mn)

=
1

n

∫
Sn−1

δ(τ)p (M1, u) · · · δ(τ)p (Mn, u)dS(u), (1.1)

where δ(τ)p (M,u) = 1
2h(Πτ

pM,u) denotes the half general
Lp-brightness of M ∈ Kno in the direction u. Convex bodies
M1, . . . ,Mn are said to have similar general Lp-brightness
if there exist constants λ1, . . . λn > 0 such that, for all u ∈
Sn−1,

λ1δ
(τ)
p (M1, u) = λ2δ

(τ)
p (M2, u) = · · · = λnδ

(τ)
p (Mn, u).

Obviously, for τ = 0 and p = 1, (1.1) is just the mixed
brightness integrals D(M1, . . . ,Mn).

Let M1 = · · · = Mn−i︸ ︷︷ ︸
n−i

= M , Mn−i+1 = · · · = Mn︸ ︷︷ ︸
i

=

N (i = 0, 1, . . . , n) in (1.1), we write D
(τ)
p,i (M,N) =

D
(τ)
p (M, . . . ,M︸ ︷︷ ︸

n−i

, N, . . . , N︸ ︷︷ ︸
i

). More general, if allow i is any

real, for M,N ∈ Kno , p ≥ 1, and τ ∈ [−1, 1], the general
Lp-mixed brightness integrals, D(τ)

p,i (M,N), of M and N is
defined by

D
(τ)
p,i (M,N) =

1

n

∫
Sn−1

δ(τ)p (M,u)n−iδ(τ)p (N, u)i. (1.2)

For N = B in (1.2), we write D(τ)
p,i (M,B) = 1

2iD
(τ)
p,i (M)

and notice that δ(τ)p (B, u) = 1
2h(Πτ

pB, u) = 1
2 , for all u ∈

Sn−1, which together with (1.2) yields

D
(τ)
p,i (M) =

1

2i · n

∫
Sn−1

δ(τ)p (M,u)n−idS(u), (1.3)

where D(τ)
p,i (M) is called the i-th general Lp-mixed bright-

ness integrals of M .
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For N = M in (1.2), write D
(τ)
p,i (M,M) = D

(τ)
p (M),

which is called the general Lp-brightness integrals of M .
Clearly,

D(τ)
p (M) =

1

n

∫
Sn−1

δ(τ)p (M,u)ndS(u), (1.4)

From (1.2) and (1.4), we easily obtain

D
(τ)
p,0(M,N) = D(τ)

p (M), D(τ)
p,n(M,N) = D(τ)

p (N). (1.5)

For general Lp-mixed brightness integrals, Yan and Wang
[22] also established the following cycle, Brunn-Minkowski
and Aleksandrov-Fenchel type inequalities.
Theorem 1.A. If M,N ∈ Knos, p ≥ 1, τ ∈ [−1, 1], and
i ∈ R, then for i < n− p,

D
(τ)
p,i (λ◦M∓pµ◦N)

p
n−i ≤ λD(τ)

p,i (M)
p

n−i +µD
(τ)
p,i (N)

p
n−i ;

(1.6)
for i > n− p and i 6= n,

D
(τ)
p,i (λ◦M∓pµ◦N)

p
n−i ≥ λD(τ)

p,i (M)
p

n−i +µD
(τ)
p,i (N)

p
n−i ,

(1.7)
in each case, equality holds if and only if M and N have
similar general Lp-brightness. For i = n−p, equality always
holds in (1.6) and (1.7).
Theorem 1.B. If M,N ∈ Kno , p ≥ 1, τ ∈ [−1, 1], and
i, j, k ∈ R such that i < j < k, then

D
(τ)
p,j (M,N)k−i ≤ D(τ)

p,i (M,N)k−jD
(τ)
p,k(M,N)j−i, (1.8)

with equality if and only if M and N have similar general
Lp-brightness.
Theorem 1.C. If M1, . . . ,Mn ∈ Kno , p ≥ 1 τ ∈ [−1, 1] and
1 < m ≤ n, then

D(τ)
p (M1, . . . ,Mn)m (1.9)

≤
m∏
i=1

D(τ)
p (M1, . . . ,Mn−m,Mn−i+1, . . . ,Mn−i+1),

with equality if and only if Mn−m+1, . . . ,Mn are all of
similar general Lp-brightness.

The general Lp-mixed brightness integrals belong to a
new and rapidly evolving asymmetric Lp Brunn-Minkowski
theory that has its origins in the work of Ludwig et al.
(see [14], [5], [6], [4]). For the further recent research of
asymmetric Lp Brunn-Minkowski theory, also see ([2], [9],
[19], [20], [21], [23]).

In 2004, Leng [8] defined the volume differences function
of convex bodies D and K, where D ⊆ K, by

Dv(K,D) = V (K)− V (D).

Meanwhile, Leng [8] established the following Brunn-
Minkowski type inequality for volume difference functions.
Theorem 1.D. If K,L and D are compact domains, D ⊆ K,
D′ ⊆ L, D′ is a homothetic copy of D, then

(V (K + L)− V (D +D′))
1
n

≥ (V (K)− V (D))
1
n + (V (L)− V (D′))

1
n ,

equality holds if and only if K and L are homothetic and
(V (K), V (D)) = µ(V (L), V (D′)), where µ is a constant.
Here “ + ” is Minkowski sum.

Since these seminal paper, inequalities for differences of
geometric functionals have become the focus of increased
attention (see [16], [25], [26]).

The aim of this paper is to establish the new differences
inequalities for general Lp-mixed brightness integrals. First,
we establish the following Brunn Minkowski type inequality
for differences of general Lp-mixed brightness integrals.
Theorem 1.1. Let M,N,K,L ∈ Knos, i ∈ R, τ ∈ [−1, 1]

and δ(τ)p (K, ·) < δ
(τ)
p (M, ·), δ(τ)p (L, ·) < δ

(τ)
p (N, ·), M and

N have similar general Lp-brightness, if p ≥ 1 and i < n−p,
then

[D
(τ)
p,i (M ∓p N)−D(τ)

p,i (M ∓p N)]
p

n−i (1.10)

≥ [D
(τ)
p,i (M)− C(τ)

p,i (K)]
p

n−i + [D
(τ)
p,i (N)−D(τ)

p,i (L)]
p

n−i ;

if i > n− p and i 6= n, then

[D
(τ)
p,i (M ∓p N)−D(τ)

p,i (M ∓p N)]
p

n−i (1.11)

≤ [D
(τ)
p,i (M)− C(τ)

p,i (K)]
p

n−i + [D
(τ)
p,i (N)−D(τ)

p,i (L)]
p

n−i ,

in each case, with equality if and only if K and L have
similar general Lp-brightness and there exists constant λ
such that (D

(τ)
p,i (M), D

(τ)
p,i (K)) = λ(D

(τ)
p,i (N), D

(τ)
p,i (L)).

Next, we give the following new cycle type inequalities
for the differences of general Lp-mixed brightness integrals.
Theorem 1.2. Let M,N,K,L ∈ Kno , τ ∈ [−1, 1] and
δ
(τ)
p (K, ·) < δ

(τ)
p (M, ·), δ(τ)p (L, ·) < δ

(τ)
p (N, ·), M and N

have similar general Lp-brightness, if p ≥ 1, i, j, k ∈ R and
0 ≤ i < j < k, then

[D
(τ)
p,j (M,N)−D(τ)

p,j (K,L)]k−i (1.12)

≥ [D
(τ)
p,i (M,N)−D(τ)

p,i (K,L)]k−j [D
(τ)
p,k(M,N)−D(τ)

p,k(K,L)]j−i,

with equality if and only if K and L have similar gen-
eral Lp-brightness and there exists constant λ such that
(D

(τ)
p,i (M,N), D

(τ)
p,i (K,L)) = λ(D

(τ)
p,k(M,N), D

(τ)
p,k(K,L)).

Finally, we also establish the following Aleksandrov-
Fenchel type inequalities for differences of general Lp-mixed
brightness integrals.
Theorem 1.3. Let p ≥ 1, τ ∈ [−1, 1], Mi, Ni ∈ Kno (i =

1, . . . , n), if δ(τ)p (Ni, ·) < δ
(τ)
p (Mi, ·) (i = 1, . . . , n) and

the bodies Mn−m+1, . . . ,Mn are all of similar general Lp-
brightness, then for every 1 < m ≤ n,

[D(τ)
p (M1, . . . ,Mn)− C(τ)

p (N1, . . . , Nn)]m (1.13)

≥
m∏
i=1

[D(τ)
p (M1, . . . ,Mn−m,Mn−i+1, . . . ,Mn−i+1)

−D(τ)
p (N1, . . . , Nn−m, Nn−i+1, . . . , Nn−i+1)],

with equality if and only if Nn−m+1, . . . , Nn are all of
similar general Lp-brightness and there exists constant λ
such that

[D(τ)
p (M1,. . . ,Mn−m,Mn,. . . ,Mn),. . . ,D(τ)

p (M1,. . . ,Mn−m,

Mn−m+1,. . . ,Mn−m+1)]=λ[D(τ)
p (N1,. . . ,Nn−m, Nn−m+1,

. . . ,Nn), . . . , D(τ)
p (N1, . . . , Nn−m, Nn−m+1, . . . , Nn−m+1)].
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II. PRELIMINARIES

A. Support function

For M ∈ Kn, its support function, (see [3], [18]) h(M, ·) :
Rn → R, is defined by

h(M,x) = max{x · y : y ∈M}, x ∈ Rn,

where x · y denotes the standard inner product of x and y.

B. Lp-Blaschke combination

For M,N ∈ Knos, p ≥ 1 and λ, µ ≥ 0 (not both zero), the
Lp-Blaschke combination, λ◦M ∓p µ◦N ∈ Knos, of M and
N is defined by (see [3], [18])

dSp(λ ◦M ∓p µ ◦N, ·) = λdSp(M, ·) + µdS(N, ·),

where λ ◦M = λ
1

n−pM , λ ◦M denotes the Blaschke scalar
multiplication. If p = 1, then λ ◦M ∓p µ ◦ N is classical
Blaschke combination.

III. RESULTS AND PROOFS

In this part, we will give the proofs of Theorems 1.1-1.3.
First, in order to prove Theorem 1.1, the following lemma is
required.
Lemma 3.1 (Bellman’s inequality [1]). Let a = {a1, . . . , an}
and b = {b1, . . . , bn} be two series of positive real numbers.
If ap1 −

∑n
i=2 a

p
i > 0, bp1 −

∑n
i=2 b

p
i > 0, then for p > 1,(

ap1−
n∑
i=2

api

) 1
p

+

(
bp1−

n∑
i=2

bpi

) 1
p

≤
(

(a1+b1)p−
n∑
i=2

(ai+bi)
p

) 1
p

;

(3.1)
for p < 0 or 0 < p < 1,(
ap1−

n∑
i=2

api

) 1
p

+

(
bp1−

n∑
i=2

bpi

) 1
p

≥
(

(a1+b1)p−
n∑
i=2

(ai+bi)
p

) 1
p

,

(3.2)
with equality if and only if a = cb, where c is a constant.

Proof of Theorem 1.1. For M,N,K,L ∈ Knos, p ≥ 1 and
τ ∈ [−1, 1], if i < n− p and λ, µ = 1, by (1.6), then

D
(τ)
p,i (K ∓p L)

p
n−i ≤ D(τ)

p,i (K)
p

n−i +D
(τ)
p,i (L)

p
n−i , (3.3)

with equality if and only if K and L have similar general
Lp-brightness. Since M and N have similar general Lp-
brightness, thus according to the equality condition of in-
equality (1.6), we have

D
(τ)
p,i (M ∓p N)

p
n−i = D

(τ)
p,i (M)

p
n−i +D

(τ)
p,i (N)

p
n−i . (3.4)

Since δ(τ)p (K, ·) < δ
(τ)
p (M, ·), δ(τ)p (L, ·) < δ

(τ)
p (N, ·), by

(1.3), we obtain

D
(τ)
p,i (M) > D

(τ)
p,i (K), D

(τ)
p,i (N) > D

(τ)
p,i (L)

From these, notice that n− i > p (i < n− p), i.e. n−ip , and
from (3.1), (3.3) and (3.4), we obtain

(D
(τ)
p,i (M ∓p N)−D(τ)

p,i (K ∓p L))
p

n−i

≥
[(
D

(τ)
p,i (M)

p
n−i +D

(τ)
p,i (N)

p
n−i

)n−i
p

−
(
D

(τ)
p,i (K)

p
n−i +D

(τ)
p,i (L)

p
n−i

)n−i
p
] p

n−i

≥
(
D

(τ)
p,i (M)−D(τ)

p,i (K)

) p
n−i

+

(
D

(τ)
p,i (N)−D(τ)

p,i (L)

) p
n−i

.

This yields inequality (1.10). By the equality conditions of
inequality (3.1) and (3.3), we see that equality holds in (1.10)
if and only if K and L have similar general Lp-brightness
and (D

(τ)
p,i (M), D

(τ)
p,i (K)) = λ(D

(τ)
p,i (N), D

(τ)
p,i (L)), where λ

is a constant.
Similar to the above method, if i > n − p and i 6= n, by

(1.3), (1.7) and (3.2), we can prove the inequality (1.11) is
true.

Obviously, let p = 1 and τ = 0 in Theorem 1.1, the
following result is obtained.
Corollary 3.1. Let M,N,K,L ∈ Knos, i ∈ R, δ(K, ·) <
δ(M, ·), δ(L, ·) < δ(N, ·), M and N have similar brightness,
if i < n− 1, then

[Di(M ∓N)−Di(K ∓ L)]
1

n−i

≥ [Di(M)−Di(K)]
1

n−i + [Di(N)−Di(L)]
1

n−i ;

if i > n− 1 and i 6= n, then

[Di(M ∓N)−Di(K ∓ L)]
1

n−i

≤ [Di(M)−Di(K)]
1

n−i + [Di(N)−Di(L)]
1

n−i ,

in each case, with equality if and only if K and L
have similar brightness and exists constant λ such that
(Di(M), Di(K)) = λ(Di(N), Di(L)).

Subsequently, we will give the proof of Theorem 1.2, the
following lemma is necessary.
Lemma 3.2 (Popviciu’s inequality [17]). Let p > 0, q > 0,
1
p + 1

q = 1 and a = {a1, . . . , an} and b = {b1, . . . , bn} be
two series of positive real numbers such that ap1−

∑n
i=2 a

p
i >

0, bq1 −
∑n
i=2 b

q
i > 0, then(

ap1 −
n∑
i=2

api

) 1
p
(
bq1 −

n∑
i=2

bqi

) 1
q

≤ a1b1 −
n∑
i=2

aibi, (3.5)

with equality if and only if a = cb, where c is a constant.
Proof of Theorem 1.2. For M,N,K,L ∈ Kno , τ ∈ [−1, 1],

p ≥ 1, i, j, k ∈ R and 0 ≤ i < j < k, by (1.8), then

D
(τ)
p,j (K,L)k−i ≤ D(τ)

p,i (K,L)k−jD
(τ)
p,k(K,L)j−i, (3.6)

with equality if and only if K and L have similar general
Lp-brightness. Since M and N have similar general Lp-
brightness, thus according to the equality condition of in-
equality (1.8), we have

D
(τ)
p,j (M,N)k−i = D

(τ)
p,i (M,N)k−jD

(τ)
p,k(M,N)j−i. (3.7)

Hence, by (3.6) and (3.7), we get

D
(τ)
p,j (M,N)−D(τ)

p,j (K,L) (3.8)

≥D(τ)
p,i(M,N)

k−j
k−iD

(τ)
p,k(M,N)

j−i
k−i−D(τ)

p,i(K,L)
k−j
k−iD

(τ)
p,k(K,L)

j−i
k−i ,

with equality if and only if K and L have similar general
Lp-brightness.

Notice that

δ(τ)p (K, ·) < δ(τ)p (M, ·),

and
δ(τ)p (L, ·) < δ(τ)p (N, ·),
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thus, by (1.2), we obtain

D
(τ)
p,i (M,N) > D

(τ)
p,i (M,N), D

(τ)
p,k(M,N) ≥ D(τ)

p,k(M,N).

From these, and notice that k−i
k−j > 1, k−i

j−i > 1 and k−j
k−i +

j−i
k−i = 1, thus according to (3.5) and (3.8), we have

(D
(τ)
p,j (M,N)−D(τ)

p,j (K,L))k−i

≥(D
(τ)
p,i (M,N)−D(τ)

p,i (K,L))k−j(D
(τ)
p,k(M,N)−D(τ)

p,k(K,L))j−i.

This is just (1.12).
By the equality conditions of inequalities (3.8) and (3.5),

we see that equality holds in (1.12) if and only if K
and L have similar general Lp-brightness and there ex-
ists constant λ such that (D

(τ)
p,i (M,N), D

(τ)
p,i (K,L)) =

λ(D
(τ)
p,k(M,N), D

(τ)
p,k(K,L)).

Furthermore, let p = 1 and τ = 0 in Theorem 1.2, the
following result is obtained.
Corollary 3.2. Let M,N,K,L ∈ Kno , δ(K, ·) < δ(M, ·),
δ(L, ·) < δ(N, ·), M and N have similar brightness, if
i, j, k ∈ R and 0 ≤ i < j < k, then

[Dj(M,N)−Dj(K,L)]k−i

≥ [Di(M,N)−Di(K,L)]k−j [Dk(M,N)−Dk(K,L)]j−i,

with equality if and only if K and L have similar brightness
and exists constant λ such that (Di(M,N), Di(K,L)) =
λ(Dk(M,N), Dk(K,L)).

In particular, if N = L = B in Theorem 1.2, by (1.3) and
(1.12), the following result is obvious.
Corollary 3.3. Let M,K ∈ Kno , τ ∈ [−1, 1] and
δ
(τ)
p (K, ·) < δ

(τ)
p (M, ·), M have constant general Lp-

brightness, if p > 0, i, j, k ∈ R and 0 ≤ i < j < k,
then

[D
(τ)
p,j (M)−D(τ)

p,j (K)]k−i

≥ [D
(τ)
p,i (M)−D(τ)

p,i (K)]k−j [D
(τ)
p,k(M)−D(τ)

p,k(K)]j−i,

with equality if and only if K have constant general Lp-
brightness.

Specially, if i = 0, k = n in (1.12), by (1.5), we
have the following cycle Minkowski type inequality for the
differences of general Lp-mixed brightness integrals.
Corollary 3.4. Let M,N,K,L ∈ Kno , τ ∈ [−1, 1],
δ
(τ)
p (K, ·) < δ

(τ)
p (M, ·), δ(τ)p (L, ·) < δ

(τ)
p (N, ·), M and N

have similar general Lp-brightness, if p > 0, i ∈ R and
0 < i < n, then

[D
(τ)
p,j (N,M)−D(τ)

p,j (L,K)]n

≥ [D(τ)
p (M)−D(τ)

p (K)]n−j [D(τ)
p (N)−D(τ)

p (L)]j ,

with equality if and only if K and L have similar
general Lp-brightness and exists constant λ such that
(D

(τ)
p (M), D

(τ)
p (K)) = λ(D

(τ)
p (N), D

(τ)
p (L)).

Finally, according to the following Lemma, we give the
proof of Theorem 1.3.
Lemma 3.3 ([7]). If ci > 0, bi > 0, ci > bi, i = 1, · · · , n,
then( n∏

i=1

(ci − bi)
) 1

n

≤
( n∏
i=1

ci

) 1
n

−
( n∏
i=1

bi

) 1
n

, (3.9)

with equality if and only if c1
b1

= c2
b2

= · · · = cn
bn

.
Proof of Theorem 1.3. From (1.9), we have

D(τ)
p (N1, . . . , Nn)m (3.10)

≤
m∏
i=1

D(τ)
p (N1, . . . , Nn−m, Nn−i+1, . . . , Nn−i+1),

with equality if and only if Nn−m+1, . . . , Nn are all of simi-
lar general Lp-brightness. Since the body Mn−m+1, . . . ,Mn

are all of similar general Lp-brightness, by (1.9), then

B(τ)
p (M1, . . . ,Mn)m (3.11)

=
m∏
i=1

B(τ)
p (M1, . . . ,Mn−m,Mn−i+1, . . . ,Mn−i+1).

Notice that if δ(τ)p (Ni, ·) < δ
(τ)
p (Mi, ·) (i = 1, . . . , n), by

(1.1), we get

D(τ)
p (M1, . . . ,Mn) > D(τ)

p (N1, . . . , Nn). (3.12)

Taking Mn−m+1 = · · · = Mn = Mn−i+1, Nn−m+1 =
· · · = Nn = Nn−i+1 in (3.12), we obtain

D(τ)
p (M1, . . . ,Mn−m,Mn−i+1, . . . ,Mn−i+1) (3.13)

> D(τ)
p (N1, . . . , Nn−m, Nn−i+1, . . . , Nn−i+1).

From (3.10), (3.11) and (3.12), we obtain

D(τ)
p (M1, . . . ,Mn)−D(τ)

p (N1, . . . , Nn) (3.14)

≥
( m∏
i=1

D(τ)
p (M1, . . . ,Mn−m,Mn−i+1, . . . ,Mn−i+1)

) 1
m

−
( m∏
i=1

D(τ)
p (N1, . . . , Nn−m, Nn−i+1, . . . , Nn−i+1)

) 1
m

.

equality holds if and only if Nn−m+1, . . . , Nn are all of
similar general Lp-brightness.

By (3.14), (3.13) and (3.9), we obtain

[D(τ)
p (M1, . . . ,Mn)−D(τ)

p (N1, . . . , Nn)]m

≥
m∏
i=1

[D(τ)
p (M1, . . . ,Mn−m,Mn−i+1, . . . ,Mn−i+1)

−D(τ)
p (N1, . . . , Nn−m, Nn−i+1, . . . , Nn−i+1)].

By the equality conditions of inequalities (3.14) and
(3.9), we see that equality holds in (1.13) if and only if
Nn−m+1, . . . , Nn are all of similar general Lp-brightness
and there exists constant λ such that

[D(τ)
p (M1,. . . ,Mn−m,Mn,. . . ,Mn),. . . ,D(τ)

p (M1,. . . ,Mn−m,

Mn−m+1,. . . ,Mn−m+1)]=λ[D(τ)
p (N1,. . . ,Nn−m, Nn−m+1,

. . . ,Nn), . . . , D(τ)
p (N1, . . . , Nn−m, Nn−m+1, . . . , Nn−m+1)].

Obviously, let p = 1 and τ = 0 in Theorem 1.3, the
following result is obtained.
Corollary 3.5. Let Mi, Ni ∈ Kno (i = 1, . . . , n), if
δ(Ni, ·) < δ(Di, ·) and the bodies Mn−m+1, . . . ,Mn are
all of similar brightness, then for every 1 < m ≤ n,

[D(M1, . . . ,Mn)−D(N1, . . . , Nn)]m
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≥
m∏
i=1

[D(M1, . . . ,Mn−m,Mn−i+1, . . . ,Mn−i+1)

−D(N1, . . . , Nn−m, Nn−i+1, . . . , Nn−i+1)],

with equality if and only if Nn−m+1, . . . , Nn are all of
similar brightness and there exists constant λ such that

[D(M1, . . . ,Mn−m,Mn,. . . ,Mn),. . . ,D(M1, . . . ,Mn−m,

Mn−m+1,. . . ,Mn−m+1)]=λ[D(N1,. . . ,Nn−m, Nn−m+1,

. . . ,Nn), . . . , D(N1, . . . , Nn−m, Nn−m+1, . . . , Nn−m+1)].
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