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where I is an ellipse, P and e are one of the foci and the eccentricity of the ellipse,
respectively, and A € I is a satellite of the centered surround system SOUP, I'}. We
also demonstrate the applications of the inequalities in the temperature research, and
we obtain an approximate mean temperature formula as follows:
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where the T is the mean temperature on a planet.
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1 Introduction

It is well known that there are eight planets in the solar system, i.e., Mercury, Venus, Earth,
Mars, Jupiter, Saturn, Uranus, and Neptune. In space science, we are concerned with the
radiation energy of the Sun since it will directly affect our daily life. Since the temperature
on a planet is dependent on the radiation energy and the radiation energy is related to the
gravity of the Sun, we are especially interested in the gravity norm of the Sun.

In space science, we need to know the mean temperature on a planet. Unfortunately, it is
very difficult to measure the mean temperature on a planet. Therefore, it is of theoretical
significance to study the mean temperature on a planet by means of mathematics.

At present, the research of temperature on the Earth is a topic of focus in the world. In
our daily life, we are concerned with temperature change, which will directly affect our
daily life. Since the rain and the air humidity are related to the temperature and our daily
life is dependent on the rain and the air humidity, it is of value in applications to study the
mean temperature on the Earth.
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In this paper, our motivation is to study the mean temperature on a planet by means of
the theory of mean [1]. To this end, we first introduce the basic concepts in the surround
system [2-5], and we illustrate the background and the significance of these concepts in
space science. Next, we establish several identities and inequalities involving the centered
surround system S@{P, I'}, in particular, the mean gravity norm formula, as well as we il-
lustrate the coefficients in these inequalities are the best constants. Next, we prove gravity
inequalities in the centered surround system S®{P, I'}, which are also isoperimetric-type
inequalities [6, 7]. Finally, we demonstrate the applications of our results in the tempera-
ture research on a planet, and we obtain an approximate mean temperature formula.

2 Basic concepts and main result
In [2-5, 8], the authors systematically studied the theory of satellite and obtained some
results which have the application value. But in space science, the centered surround sys-
tem S@{P, I'} [2-5] has its special properties, that is, where the I" is an ellipse and P is
one of the foci of the ellipse [8]. Therefore, it is necessary for us to do further research on
this centered surround system.

Let the particle A € R? be regarded as the Earth, and let its motion trajectory be the
ellipse

NS 2962 yz
I'=ixi+yjeR ‘a—2+ﬁ:1,x,yeR,azb>0 ,

wherei=(1,0),j=(0,1), R £ (—00,00), R2 £ R x R, and let the particle P 2 _Ja2 -
be regarded as the Sun, which is a focus of the ellipse I". Then the set S?{P, '} £ (P, I'}
is a centered surround system [2-5].

We remark here that the foci of the ellipse I" are —ci and ci, where ¢ = v/a2? — b > 0,
and the eccentricity of the ellipse I" is e = c/a € [0,1). Note that the e in this paper is the
eccentricity of the ellipse I" rather than the Euler constant e, that is,

1 n
e#e® lim (1 + —) =2.718281828459045. ...
n

n—00

Let the masses of the Earth A and the Sun P be m > 0 and M > 0, respectively. Then,
according to the law of universal gravitation, the gravity of the Earth A to the Sun P is

GmM(A - P)

FAP) = =P

, @)
where the G is the gravitational constant in the solar system. Without loss of generality,
here we assume that GmM = 1.

We say that

1 T 1 1
[Fap] - and [F@D]2 ¢ L
A -Pl |\l Jr IlA =P

are the gravity norm and the mean gravity norm of the gravity F(A,P), respectively
[5,9,10].

In general, the mean gravity norm ||F(A4,P)| cannot be expressed by the elementary
functions since it involves the elliptic integral [11]. Therefore, in order to facilitate the



Wen et al. Journal of Inequalities and Applications (2016) 2016:264 Page 30f 18

applications, we need to find its sharp lower and upper bounds, which can be expressed
by the elementary functions.
In this paper, our main result is as follows.

Theorem 1 (Gravity inequalities) Let S?{P,I"} be a centered surround system, where
the I' is an ellipse and the P is one of the foci of the ellipse. Then we have the following

isoperimetric-type inequalities [6, 7]:

5 & \(2n\’ = 16-7 e \(27\’
1+ — 2 ) () zTrap] < (1+ === ) (=), 2)
2w 1-e2 J\I| 47 1-e2 )\ ||

where the e is the eccentricity of the ellipse. The equalities in (2) hold if and only if I' is a

circle.

In [5], the authors obtained the following isoperimetric inequality [6,7] (see (66) in [5]):

ATiy— 21 \?
[Faol = () ®

where the I is a smooth and convex Jordan closed curve in R? [2-5, 12]. Obviously, in-
equalities (2) are both an improvement and an expansion of inequality (3).
In space science, the orbit I" of a satellite A is approximate to a circle [8], that is, the

eccentricity e of the ellipse I” is very small. Since the error

16 -7 5
- — =0.22746482927568604 ...
%4 2

of the coefficients (16 — 7)/(47) and 5/(27) is not very large and the eccentricity e is very
small, we see that inequalities (2) are sharp.
We remark here that, by the isoperimetric inequalities [5]

\r?

mab = AreaD(I") <
%4

and the p-mean inequality [1, 5, 9, 13-16]

iry 1
2 27 Jo

1 2
< \/— / (a®sin® 0 + b cos?0) do
2T 0

a2+ b?
=/ R

2
Va2 sin?0 + b2 cos? 6 do

we have

r 24+ p2?
Ms'z—|< ar (4)

b 2

Therefore, the |I"|/(27) is a mean of the positive real numbers a and b.
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3 Preliminaries
In order to prove Theorem 1, we need to establish several identities and inequalities as
follows.

According to the theory of mathematical analysis, we have Lemma 1.

Lemmal Letf:R — R be a periodic function with the period T. Then we have

T+t T
/ fx)dx :/ fx)dx, VieR. (5)
t 0

Lemma 2 For any continuous function g : [0,1] — R, we have

ps

1 20)do = 2 / ? o(cos?
o ), g(cos H)de—ﬂ ; g(cos®0) do. (6)

1 2

Proof Since the function g(cos? ) is both an even function and a periodic function with

the period 7, according to Lemma 1, we have
1 2ﬂg(cosz 6)do = 1 /ng(cos2 6)do
21w Jo 2w J_
1 (7 9
=— [ g(cos*6)do

T Jo

1 oo
—ﬂ[ g(cos®0) do

RN

= 3/ g(cos?0)do.
0

T

This ends the proof of Lemma 2. d

Lemma 3 (Mean gravity norm formula) Under the hypotheses in Theorem 1, we have

m —e2cos20)32

. 209 (% 3
“F(A’P)H - (2”) (E/ «/l_ezcoszgdg)[zv/ Mdg} (7)
T Jo 7Jo (1

Proof Since I' = {xi + yj € R?*|x = acos6,y = bsinf,0 € [0,27]}, we have

lA = P|| = v/(acos6 +c)? + (bsinB)?

= \/az cos20 +2accosO +c2 + (az - c2) sin? 6

=a+ccosf =a(l +ecosb),
that is,
|A—P|| =a(l+ecosh). (8)

Since

2 2
ﬁz (dx) +<dy) =a+v'1-e2cos?6, )
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by (8) and (9), we have

— 1 1

AR = apE &
1 /2” 1 dx dy 46
U Jo  a?(1+ecosf)?\ \ do do
1 /2” avl—eZCOSZng
I a%(1 + ecos )2
1 /Z” A/1—e2cos26 46
" a|l| (1 + ecosf)?
~ /Z” —ecosf 40
" a|l| 1+ecosf)32

that is,
R ——Y 2 J/1—ecosf
“F(A'P)H - a|l'| / (1 + ecos )32 do.

Page 50f 18

(10)

In (10), set 8 = ¢ — . Since the cosine function cosx is a periodic function with the

period 27, by Lemma 1, we have

2 J/1—ecosf
do
a|1"| (1 + ecosB)3/2

2mam J1—ecos(® —m)
" alr| / A=)

[E@. P

1+ ecos(z? )32
/1 +ecos
= dv
a|F| (1-ecos)3/2
7 /1+ecost
= dv
a|F| (1-ecos )32

2 /1+ecosd
= do,
a|F| (1-ecosf)32

that is,

[Fa,p)]

2 /1+ecosf
do.
|F| (1-ecosH)3?
By (10) and (11), we get

T 2T 17 /1-ecosO J1+ecos6
[l = [ [ ]de

2[ (1 +ecos 9)3/2 (1-ecosf)32

1 /2” (1-ecosd)? + (1 +ecosH)?
" all| 2(1 — e2cos? 9)3/2

1 T 1+e2cos?h
= de,
alll'l J, (1-e2cos?p)32

de

(11)
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that is,

1+e%cos?d

- 2
|E@A,P)| = a|11"| /0 do. (12)

(1 —e?cos26)3/2

On the other hand, by (9), we have

d 2 2
d—g) d0=a| 1-elcos20ds. (13)
0
According to (12), (13), and Lemma 2, we get

||F(A 2] /2” 1+e%cos’d
a|l'| (1 —e2cos20)3/2

1 2 1+ e%cos? O
= — vl—ezcoszede/ ¢
0

12 J, (1 —e?cos29)3/2
T 1+e2cos?6
V- eZcos 6 do / P lre ool g,
(|F|) ( / e eos o (1—eZcos?h)
That is, equation (7) is proved. The proof of Lemma 3 is completed. d

Lemma 4 The inequality

2 (3
—/ V1-e2cos?26do >1 - se? (14)
T Jo

holds if and only if
2
7

where the § is a positive constant.

Proof Assume that (15) holds, we prove that (14) holds as follows.
By 0 <e<1,0 <e?cos?f <1and the Newton formula

(1+x”—1+Z ]_[(p,+1 Kx", Vxe(-1,1), (16)
n=1 " k=1
we get
21
V1i-e2cos20=1+) — 1-k ) (~€e*cos? )"
Zn + k | (—e* cos®0)
k=1
o0
2 2n-1! @201-1) o 2n
_ 0,
Z 21— 1)2n)! cos
that is,

J 2 cos2 6 — (-1 2n-1) . .2n
1-e“cos*0=1- E ————e“""Vcos™" 0, 17
€ ¢ (2n 1)(2;4)”e 17)
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where

@nNE22x4x6x%x---x(2n) and @u-1N21x3x5x---x (2n-1).

By (17), we get

T

2 (3 > @n-1) 2 (3
—/ x/l—ezcos20d9:1—e2ZLe2("‘U<—/ c0s2”0d0).
T Jo ) T Jo

— 2n-1)2n)!

Since

2 (3 2 (3 2
—/ v1—cos29d0:—/ sinf0df = —,
7 Jo T T

0

in (19), letting e — 1, we get

i (2n - D 2/750032”9d9 —1—E
(2n-1)(2n)!! o o

From (15), (19), (21), and 0 < e <1, we get

2n -1 2 (2
/ V1-e2cos26df =1- 22”7) 2(n-1) —/ cos? 6 do
(2 7w Jo

n—-1)2n)!

Qu-1D (2 [2
>1-¢2 279 do
Z(2n 1(2n)"< /0 o )

That is, inequality (14) is proved.
Next, assume that (14) holds; we prove (15) as follows.
In (14), letting e — 1, by (20), we get

2

>1-6 & 6=>1-—.
T

9|

That is, inequality (15) holds. This proves Lemma 4.
According to the theory of mathematical analysis, we have Lemma 5.
Lemma 5 For any positive integer n, we have

2 (2 2n—1)
_/ cos2" 9 do = g,
7 Jo 2n)!

where !! is defined by (18).

Page 7 of 18

(18)

(19)

(20)

(21)
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Lemma 6 The inequality
2 1%
—/ V1-e2cos20df <+/1-¢e?
T Jo

holds if and only if

&=

N =

where the ¢ is a positive constant.

Proof Assume that (24) holds, we prove (23) holds as follows.

Page 8 of 18

(23)

(24)

By the p-mean inequality [1, 5, 9, 13-16] and Lemma 5, we see that, for any positive

integer n, we have

2 (3 2 (3 |
—/ cos?" 6 do > (—/ cos29d9) =,
T Jo T Jo n

n (17), use the following exchanges

e
e<— and 6 <0,
\/—

[\

we get

> @u-1! 1 [
&2 2-1) — _ 1 Ze2
Z 2n - 1)(2n)" on 2%
From (19), (24), (25), and (26), we get

2 13
—/ V1-e2cos?26do
T Jo

[ee} T
@ui-11 . (2 [3
-1- 2 2(n-1) _/ 2n9d9
€ Z -1t z ), °°

=1

[e¢]

e @n-1 1
n1(2n 1)(2n)!! 2"
1

=,/1--¢2
2

<a/1-¢ge2.

Hence inequality (23) is proved.
Next, assume that (23) holds; we prove (24) as follows.
Let 0 < e < 1. By (23), we get

1 2 (7 ’
e=5[1i-(2 [ viewsaa) | veewon.
e T Jo

(25)

(26)

(27)
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By (27) and Lemma 5, we get

e < lim + [1_< / x/ide)}

e4>e

)

t~>0t
=}H% t|:1—( / V1-tcos?f dQ)]
:—2}iné< / V1 -tcos?6 d@) < / V1 -tcos?6 d@)

:—211m—( / vV1—tcos29 d9>

_ —211m( / Wde)

ol (2 /2 —cos?é d@)
= 2lim| — e
t=0\7 Jo 2+/1-tcos?6

2 1%
= —/ cos?0 do
T Jo

1

5
Hence inequality (24) holds. The proof of Lemma 6 is completed. g

Lemma 7 For any positive integer n, we have

Proof Recall the following famous Euler formula:

o0
sinx = xH(
n=1

xZ
o ) VxeR. (29)

n (29), set x = /2, we get

o]

1 2
,E&H( ) H(lr) 2 0

Define an auxiliary sequence {u,}52; as follows:

() w A4”+1]i[ - (31)
in=l n_2n+ll<=1 4k2 )’

By (30), we have

4
lim 2, = —. (32)
b4

n—00
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Since

’

Uno  An+5 2n+1|: 1 ] 161° +36n% +24n +5

u, 2m+3 An+1|  4(n+1)2 T 1673 + 3612 + 241 + 4

the sequence {u,}°, is strictly increasing. Therefore, by (32), we have
5 . 4
—=uy <u,< lim u,=—.
4 n—00 b4
That is, inequalities (28) holds. This ends the proof of Lemma 7. O
According to the theory of mathematical analysis, we have Lemma 8.

Lemma 8 Let the sequence {u,};°, C R be convergent, and let lim,_, o, u,, = u. Then we

have

lim — Zu,, =UL. (33)

N—oo N

Lemma 9 The inequality

2/% 1+e?cos?f 46 <1 e? (34)
= —_— +
7)o (1-e2cos2)32 —~ — M Ze
holds if and only if
4
bia

where the | is a positive constant.

Proof Assume that (35) holds, we prove (34) as follows.
By the Newton formula (16), we get

1+e%cos?6
(1 —e%cos26)3/2

-3/2 -1/2
=

=2(1- e? cos? 6)

—1+2Z ]‘[(-—+1 k) —e?cos*6)"
_i%ﬁ<—%+l—k)(—e200529)n

n=1 " k=1

1-e?cos? 6)

2n+1)! o201-1)
=1+2¢° Z (2n)" cos? 6

o0
9 2n-1" , )
—e EZI @ 2D oog2 g
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2Q2n+ 1) - (21— 1)
2 -1)
E @ cos?* 9

4n+1)2n-1
ey g o,
n

that is,
1+e2cos?6 4n+1)2n-1
¢ Z(n 2)(:[ )e"l)cos "6. (36)
n)

(1 -e%cos? 9)3/2

Since
- 1 Q-1
E(l - 4_/<2) = (2n+ 1)[ 2n)! ] ’ (37)

by (36), (37), and Lemma 5, we get

2/2 1+e?cos?h
7)o (1-e2cos?26)32

(4n+1)2n-1)1 , 2 % ;
Z i e (;/0 cos? Odé)

(An+1)2n-1! , ) 2n-1!

Z Qo n)!
dn+1 (1-1)
Z2;/1+11_[( 4k2> E

de

that is,
2 [T 1+e*cos’f 4n+1
=z do=1+¢ (1), 38
n,/o (1 - e2cos?0)32 Z2n+1 ( 4-k2> (38)

By (38), 0 <e <1, and Lemma 7, we get

2 [T 1+e*cos?f
— —— —_d#
7 Jo (1—e200s20)3/2
Z4n+1 2(n-1)
2n+1 4k2
o0

4
<1+—e?) 2
<1+—¢)

n=1

Hence inequality (34) is proved.
Next, assume that (34) holds, we prove (35) as follows.
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Let 0 < e < 1. According to (38), we see that inequality (34) can be rewritten as

Z4n+ll_[< 4/{2) 2(n-1) §1+Me22e2("_1).
n=1

2n+1

Hence
1 2(;1 1)

o0 4n+l
Zn:l 2n+1 ]_[k 1 4k2
n= o 9(n-1)
- n—
Zn:l e

. N 4n+l 1
limy oo ) 0y 22:1 HZ:1(1 - m)e
e2(n—1)

- N
limy 00 ) 0y

N —
S et [T 1= g)e

. n=1 2n+1
= 1 ZN 20D
n=1

ZN
n=14n€
N—o0 21::1 ez(”l—l) ’

2(n-1)

2(n-1)

1l
5.

that is,
(39)

221:1 U, e2(n-1)
n= lim W, Ve e (0, 1),
n=1

N—oo
where the sequence {u,}3, is defined by (31).
In (39), letting e — 1, by (32), (39), and Lemma 8, we get
N 2(n-1) 1 N 4
M =>1lim lim M%: lim —Zunz—
e—>1N—>o00 Z e2(n-1) N—oo N oy T
This proves inequality (35). The proof of Lemma 9 is completed d
Lemma 10 The inequality
2 [T 1+e*cos?f e?
— ——————df6>1+v 40
T /0 (1-e%cos20)32  — 1-e2 (40)
holds if and only if
5
< - 41
v (41)

where the v is a positive constant.

Proof Assume that (41) holds, we prove (40) as follows
By (38), 0 < e <1, and Lemma 7, we have

2 (7 1+e’cos?f
— ————do
o (1—e?%cos? 9)3/2

T
Z4n+1 2n-1)
2n+1 4k2
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5 o0
>1+ Zez Z 21
n=1

e2

5
41-¢2
o2

=1+

>1+v

1-e2

Hence inequality (40) is proved.
Next, assume that (40) holds, we prove (41) as follows.

Let 0 < e < 1. According to (38), we see that inequality (40) can be rewritten as

C 4n+1 & 1 i
1+e? 1- — )" D > 14+ ve? 201,
szl—[( W) Z1+ve’ )
n=1 k=1 n=1
Hence
o] u e2(n—1)
v < M Ve € (0,1),

= e
where the sequence {u,}3?, is defined by (31).

In (42), letting e — 0, we get

v=u =

5
4
Hence inequality (41) is proved. This ends the proof of Lemma 10.

Lemma 11 The inequality

(1 2\ , ) 5 €2 o1 e?
—(1-=)e + = +
= s1-e )= T e

holds if and only if

- 5
= o2’
where the 1 is a positive constant.
Proof Let 0 < e < 1. Then inequality (43) can be rewritten as
1-¢? 2\ , 5 € 2 1 1
n < 1-(1-2)e|(1+2 S e
e? T 41-e T 4 4

Hence inequality (43) holds if and only if

. 2 1 1 2\ , 2 1 1 2 5
n<inf{—+--—(1-—J)e*t=—+—-—-—|1-—|=—.
O<e<l| T 4 4 T T 4 4 T 2w

That is, (43) holds if and only if (44) holds. This proves Lemma 11.

Page 13 of 18

(42)

(43)

(44)
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Lemma 12 The inequality

e2 4 ¢ e?
1—5 1+;1_ez §1+rl_e2 (45)
holds if and only if
16 —
e (46)
7T

where T is a positive constant.
Proof Let

1+(2-1)e* 4
O<e<l, ¢(e)é—#+—.

2
2(/1-5 +1)
Then inequality (45) can be rewritten as

l1-e 3

2 e? 4 e 1+(%—1)e2 4
T< ez |: 1—?(1+;ﬁ>—1]——7&+;:§0(e).
2(/1-2 +1)

Since 3 < 7 < 4, the functions

e )

are strictly increasing, we see that the function ¢(e) is strictly decreasing. So we see that
inequality (45) holds if and only if the inequality

16 -7
> = 0 = —
i 0S<281{¢(e)} #(0) 4r

holds. That is, (45) holds if and only if (46) holds. This ends the proof of Lemma 12. [

Remark 1 According to Lemmas 4 and 6, we see that

2 2 (2 [ 1
1—<1——)e2§—/ V1-e?cos20df <,/1- —e?, (47)
g T Jo 2

where the coefficients 1 — 2/7 and 1/2 of e2 are the best constants. Set

o) 2 [1- lt— [1— (1— z)t], t€[0,1),
2 T

then

2 1 2
W(t)s—————+t1l-—>(l)=———=+1-—

24 -2t b 24/2 T
= 0.009826837039144887... > 0.
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Therefore, the error

1/1—%e2— [1— <1—;)e2] :w(e2)<w(1): %—%

=0.07048700881896608....

is very small.

Remark 2 According to Lemmas 9 and 10, we see that

2

) 5 e <2/% 1+e?cos’f Q<1 4 e (48)
+— — —_— y——,
41-e2 " nm (1-e2cos20)32 = gl-e?

where the coefficients 5/4 and 4/m of €2/(1 — e?) are the best constants, and the error
4 5
) =0.023239544735162765...
T

is also very small.

Remark 3 According to Lemma 11, we see that

2\ , 5 € 5 €
1-(1-2)e|(1+2 S14— (49)
T 41-¢2 2w 1-e?

where the coefficient 5/(27) of €?/(1 — e?) is the best constant.

Remark 4 According to Lemma 12, we know that

e2 4 ¢ 16-7 €
1-S(1+2 <1+ (50)

2 Tl-¢e2 47 1-e€?’

where the coefficient (16 — 77)/(47) of e2/(1 — €?) is also the best constant.

4 Proof of Theorem 1

Proof According to Lemma 3, and Remarks 1, 2, and 3, we have

[ 2 % %
eaml - () (2 [ vimeasna) [ 2 [* et g
T Jo 7 Jo

r| (1 —e2cos20)3/2
21\ 2\ , 5
> ) [1-(1-2)e|(1+2
—\UI| T 41-e?
27\ 2 5 e?
() (1+ 2> .
|| 27 1 —e?

Hence the first inequality in (2) is proved.
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According to Lemma 3, and Remarks 1, 2, and 4, we have

Ir| (1 —e?cos20)3/2
27 \? 1 4 e
<|— 1--e?(1+—
|| 2 mTl—e?
27 \? 16-7 €2
<(Z) (1+ =222 =)
|| 4 1-e2

Hence the second inequalities in (2) also hold.

- 2 2 9 s 9 x 1 ) 20
em - (2) (2 [ vimeeman)[ 2 [F fieent g

Based on the above analysis, we see that equalities in (2) hold if and only if e = 0, that is,

I' is a circle. This completes the proof of Theorem 1. O

5 Mean temperature on a planet

Let S?{P, I'} be a centered surround system, where I" is an ellipse and P is one of the foci
of the ellipse. Then we may think that of A € I" as a planet and of P as the Sun, and of the
ellipse I" as the motion trajectory of the planet. Assume that the radiation energy of the
Sun P to the planet A is 1, then, according to the optical laws, the radiant energy received
by the planet A is

C
Cumm%wcﬂ?

where C > 0 is a constant of the radiation energy, and we can measure this constant C by
means of the physical methods.

As everyone knows, the radiant energy C||F(A, P)|| is important to us. Since the rain and
the air humidity are related to the radiation energy, we might think that there exist two
constants C,, C* > 0, such that C,||[F(4, P)| is the mean air humidity and C*||F(A, P)]| is
the mean temperature on the Earth in a year. Therefore, Theorem 1 can be used to estimate
the mean air humidity and the mean temperature on the Earth in a year.

Suppose that the planet A is regarded as a particle, and the temperature on the planet
A at a certain moment is T = T(A), and the mean temperature on the planet is 7. Then,

based on the above analysis, there exists a constant C* > 0 such that

T:I' > (0,00), T(A)=C*|F(4,P)

, (51)

and we can measure the constant C* by means of some tests. Without loss of generality,

here we assume that C* = 1. Then, by (51), we have
T = |E(4,P)|. (52)

We remark here that, if the above planet is regarded as a sphere, then the point A will be
regarded as the center of the sphere, and the T' = T'(A) will be regarded as the maximum
temperature on the planet at the moment. In addition, T can also be regarded as the mean

of the air humidity on the Earth at a certain moment.
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According to Theorem 1 and (52), we have

5 e? 2r\* = 16-m e 27 \?
14 ——— (=) <T<(1+ = - (53)
2w 1-e2 J\I| 4 1-e2 )\ ||

By (53), we see that there exists a real function t(e) such that

e? 2

P, 2
7-TFa.P)] - (1+ f(e)m> <ﬁ) , (54)

where

16 -1

5
0.7957747154594768... = - <1(e) < =1.0232395447351628.... (55)
T

Hence

1/5 16 -7 26 -1
tle)~ - — + = =0.9095071300973198..., Vee (0,1). (56)
2\ 2w 47 81w

According to (54) and (56), we get the following approximate mean temperature for-
mula:

= e? 27\

T~ |1+0.9095071300973198...x —— || — ) , Vee(0,1). (57)
1-e2 )\ ||

According to (57), we know that if the eccentricity e € (0, 1) is very small, then the mean

temperature 7 on the planet is also small. Conversely, if the eccentricity e € (0,1) is very

large, then the mean temperature 7 on the planet is also very large. In particular, we have

/27 \? _
limT=<%> and 1imT = oo. (58)

e—0 e—1

This is the significance of Theorem 1 in the temperature research.
Suppose that the ellipses I" and I are the motion trajectories of two planets, and the
Sun P is one of the foci of the two ellipses; e and e, are the eccentricities of the two ellipses,

respectively. Then, by inequality (53), we have

5 € 27 \* 16-7m e 21 \? =
1+ > V() s (1222 & = T>T, (59)
2w 1-e2 J\I| 4w 1-¢€2 )\ |}

where T and T* are the mean temperatures on the two planets, respectively. This is also

the significance of Theorem 1 in the temperature research.

6 Conclusions

In this paper, we establish the gravity inequalities in the centered surround system
S@{P, I'}, which are both an improvement and an expansion of inequality (3), where the
I' is an ellipse and P is one of the foci of the ellipse. We also demonstrate the applications

of the inequalities in the temperature research on a planet, and we obtain an approximate

Page 17 of 18
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mean temperature formula; we illustrate the significance of the formula in the temperature
research on a planet.

The theoretical significance of this paper is to establish the geometric and physics theo-
ries on satellite motion, and the application value is to estimate the mean air humidity and
the mean temperature on the Earth in a year. Large pieces of analysis, geometry, physics,
and inequality theories are used in this paper, especially the mathematical analysis, and
the series [17] is the crucial one.
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