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ABSTRACT

The aim of this paper is twofold. Firstly, we will investigate the link between the condition for
the functions ¢(s) from («, 5)-metrics of Douglas type to be self-concordant and k-self concordant,
and the other objective of the paper will be to continue to investigate the recently new introduced
(a, B)-metric ([17]):
2
F(a,B) = % + 6+ ac

where a = \/a;;y'y/ is a Riemannian metric; 3 = b;y’ is a 1-form, and a € (i, +oo) is a real positive
scalar. This kind of metric can be expressed as follows: F/(a, 3) = o - ¢(s), where ¢(s) = s* + s + a.In
this paper we will study some important results with respect to the above mentioned («, 3)-metric
such as: the Kropina change for this metric, the Main Scalar for this metric and also we will analyze
how the condition to be self-concordant and k-self-concordant for the function ¢(s), can be linked
with the condition for the metric /' to be of Douglas type.
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1. Introduction

The main purpose of this paper is to obtain some new results for the (o, 5)-metric:

2
F(a,B) = % + 8+ ax (1.1)
where a = /a;;jy'y’ is a Riemannian metric; 8 = b;y" is a 1-form, and a € (i, —|—oo) is a real positive scalar. First,
let’s recall some important results regarding the («, )-metrics:

As we know, (see [4]), the («a, §)-metric is defined in the following form: F' = a¢(s), where s = g
The function ¢ = ¢(s) is a C*° positive function on an open interval (—by, by) and it satisfies the following

conditions (see [4])

o(s) >0
¢(s) —s¢/(s) > 0
B(s) — s¢'(s) + (b* — s2)¢"(s) > 0, |s| <b< by

Also its a well known fact that F is a Finsler metric if and only if ||, ||« < by for any « € M.
The relationship between the geodesic coefficients of an («, 8)-metric F and o, namely G' and G, is presented

in [11] in the following form:

i i, B F i (OFk ¢
G *Ga+7y t39 oy Yy~ —F; (1.2)
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Definition 1.1. A Finsler space F" = (M, F(z,y)) is endowed with an («, ) metric, if there exist a 2-
homogeneous function L of two variables such that the Finsler metric F' : TM — R is given by:

F*(x,y) = L(o(2,y). (2, 1)), (13)
where o?(z,y) = a;;4'y’, a is a Riemannian metric and 3(z, y) = b;(z)y’ is a 1-form on M.
More generally, a Finsler metric on a manifold M, is a function F': TM — [0, 00), satistying the following
properties:
1. Fis smooth on T'Mj.

2. Fis positevely 1-homogenous on the fibres of tangent bundle T'M.

3. the Hessian of F? with elements g;; = %% is positevely defined on T'M.

A smooth manifold M, equipped with the Finsler metric I is called Finsler manifold and the corresponding
space denoted by F™ = (M, F') is called Finsler space.
The supporting element /;, angular metric tensor h;;, and the metric tensor g;; of F"*, are defined by:

oF 1 9°F 1 9%°F?

P oy " T 20yiay T T 2 yioy

Some interesting and important results regarding Finsler («, §)-metrics are presented in the following papers:
[3], [12], [9], [10], [18], [20].
In paper [19] is presented a special $-change for the («, 3)-metrics, called Kropina change, defined by:

F2
B

and for this kind of change, in the same paper are presented the following results: differention of the above
relation, gives:

F=— = f(Fp) (1.4)

L OF 2 of
YToF T Bt o B
O*F 2 O*F  2F?
fu=om=2ife= 23 = 25
or B 0B B
0*F 2F
fi2= 77 =—"2%
OBOF 15}
Then, [; = F;, gives:
_ F? 2
li = [ili + fabs = —? <bi - Fg%)

and because gij = 5 (F?) . ,, one obtains:

Gij = Pgij + pobib; + p—1 (biy; + bjyi) + p—2yiy;

212 3P4 4F?

= g 9 T b T g

We introduced a very special type of («, 3)-metrics in some previous papers [14], [15], [16], [17] and we

analyzed some results regarding the properties for this metric. This special («, 5)-metric is given in the
following form:

4
(biy; + bjyi) + FEYili-

F=p3+ =a-¢(s) (1.5)

with ¢(s) = s + s + a; s = 2, where a = \/a;;y7yi is a Riemannian metric; 3 = b;y’ isa 1-form, and a € (3, +0)
is a real positive scalar.

aaQ + BQ
«

Remark 1.1. A very special type of (a, 3)-metrics in Finsler geometry are the Douglas type metrics.

In the paper [8], the following important theorem is presented:
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Theorem 1.1. ([8]) Let F' = ag(s), with s = g, be a regular (o, 3)-metric on an open subset U C R?, where ¢(0) = 1.
Suppose that (3 is not parallel with respect to o and F' is not of Randers type. Let F be a Douglas metric. Then:
&(s) satisfies:

{1 + (k1 + k3)s® + k284} #"(s) = (k1 + k25%)(p(s) — s¢'(s)) (1.6)
where k1, ko, k3 are constants, satisfying: ko # kiks and 8 must be closed.

Next, we will recall some classical results regarding the self-concordance and k-self concordance for convex
functions. According to [13], we know the following definition:

Definition 1.2. ([13]) A self-concordant function is a function f : R — R for which

3
2

(@) <2 (f"(2)) (1.7)

da 1
dz \/f"(z)
[ (z) = 0 elsewhere. More generally, a multivariate function f(z) : R" — R is self-concordant if

or, equivalently, a function f : R — R that, wherever f”(z) > 0, satisfies < 1 and which satisfies

a4

WV @ tay)| 22/ (@) gV f()

a=0
Definition 1.3. ([13]) A k-self-concordant function is a function f : R — R for which

3
2

1" (@)] < 2k (" (x))
where & > 0.
We recall the following proposition from [1]:

Proposition 1.1. ([1]) The Gaussian curvature of the Finslerian wavefront I, is:

K.,=g [zn: (gijyj)ﬂ o

i=1

From this proposition, in the same paper [1], for the (c, 5)-metrics is given the following form for Gaussian
curvature:
o (6 —s0')" 7 [o— 50! + (18] — 576" ] det a

T n+1

i (B0 —s9) +bio)"|

2. Main Results

First, we want to investigate the link between the Douglas metrics from Finsler geometry with the theory
of self-concordant functions and also k-self concordant functions. In this respect, we will investigate this link
using the metric (1.1) because this metric could be written as F' = « - ¢(s), where ¢(s) = s> + s + a is a convex
function and a € (%, +oo) is a real positive scalar, s = 550, we have here a convex function and could do

(03

further investigations in this respect. But, first of all we may formulate the following general result:

Theorem 2.1. Let F = - ¢(s) be a regular (o, B)-metric on an open subset U C R?, with s = g and where ¢(s) is a
convex function with ¢(0) = 1. Suppose that § is not parallel with respect to o and F' is not of Randers type. If F' is of
Douglas type and ¢(s) is a self-concordant function then, the following inequality take place:

VA (k1 + k2s%) (6(s) — 58/ (s5)) > (¢”/(5))% (1+ (k1 + k2)s® + kas®) (2.1)
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Proof. Starting with the condition for the metric F' = « - ¢(s) to be of Douglas type (see (1.6)), we can impose
the condition for the convex function ¢(s) to be self-concordant, namely |¢"'(s)| < 2 (¢"(s)) % This s equivalent

with ¢ (s) > (d)”;%. Using this inequality and replacing above in (1.6), one obtains:
VA (k1 + kas®) (6s) — 56/ () = (8"(5))% (1+ (k1 + ka)s® + kos”)
So, the proof is done. O

As we say before the above Theorem, let us now consider the following example:

Example 2.1. Taking the metric (1.1), with ¢(s) = s* + s+ a, where a € (i, +oo) is a real positive scalar, and
s = =, we observe that is of Douglas type if

3k254 + (3k1 + 2]{33 - ak2)52 + 2 — ak1 =0.
If it is of Douglas type, imposing the conditions of the above Theorem 2.1, we get:

#(s)=s2+s+a

2583);228 i = VA(ky + k2s”)(a — s%) > 0
§"() =0

where k1, k> € Rand a € (1, +00). Imposing the condition from the Douglas type of metrics, namely ¢(0) =1,
we get in this case the value of the scalar @ = 1. Then, we can discuss the above inequality

Va(ky + k2s?)(1 — s2) >0

and we observe that we can have some different cases depending how we choose the values of £, and k.
Let us remark, just two of this cases:

Case I Suppose k; <0 and ks >0 and 1> —% we get from the above inequality: s € (—1,—,/—%) U

ko’
/| k1
( _E’l)'

Case II Suppose k1 <0 and k2 >0 and 1< —%, we get from the above inequality: s € (—,/—%,—1) U
(1./-2).

Starting with a Douglas type of metric, from [21], we know also the following results

ki + kQSQ

/7 _
(b (S) - 1 —+ (kl + k282)82 —+ k382

[6(s) — s¢/(s)] (2.2)

/11 2(k2 — k1k3) — 3(k1 + k282)2 /
5) = 5) —s¢'(s 23
) = e o 1 e 96) 0 6) (23)
These results, together with the condition for the function ¢(s) to be convex and self-concordant or k-self
concordant, can lead us to some inequalities regarding this kind of functions.
More generally, if we consider the more general class of («, 3)-metrics, as in paper [2], satisfying:

$(s) = s¢'(s) = (p + 159" (s) (2.4)

after derivation, one obtains:
—s¢"'(s) = 2rs¢”(s) + (p+ rs°) 9" (s)
and from this, we get:
—s(1+2r)¢"(s) = (p+75°)¢"" (s).

Then, imposing the condition for the function ¢(s) to be convex and self-concordant, i.e. [¢"(s)| < 2 (¢"(s))?,
one obtains: .

—s(1+2r)¢"(s) = (p+15%)¢" (s) < 2(p +15°) (¢"(5))
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= ¢ (s) (2¢”(5)%(p +7s%) +s(1+ 27“)) >0
This means that ¢’(s) > 0 and
(2(;5"(5)% (p+rs?)+s(1+ 27“)) >0

The case when the both quantities are negative is out of discussion , because of the positivity of ¢ (s).
So, we can now formulate the following lemma:

Lemma 2.1. For the general (o, B3)-metrics, which satisfies the condition ¢(s) — s¢'(s) = (p + rs?)¢"(s), the condition
for the function ¢(s) to be self-concordant can be reduced to the following properties:

* ¢"(s) 20
o (26" 475 +s(1+20)) 2 0
Even more, for the general («, 3)-metrics F' = a¢(s), where ¢ = ¢(s) satisfies
3(s) — s¢/(s) = (p +75)"(5).
According to [2], we know that § satisfies
b =27 {(p+b*)ai; + (r — 1)bib; },

where 7 = 7(z) is a scalar function, then F is a Douglas metric.

Remark 2.1. For our metric (1.1), it is easy to verify that S satisfies:
bi\j =27 {(:I:a + 2[)2)0,”' - 3blb]} 5
where 7 = 7(x) is a scalar function, and a € (i, +oo) is a real positive scalar, then we can remark that F' is a

Douglas metric, when we choose a = 1.

Next, we will analyze the Kropina change for the metric (1.1) and we will analyze if the function ¢ (s)
obtained from the original ¢(s) function will remains self-concordant, starting with the initial assumption that
¢(s) is self concordant. We know that for the metric (1.1), that F = a¢(s) = a(s? + s + a), where a € (1, +o0) is

a real positive scalar. Then, using the Kropina change F' = %2, for this metric, we get the following quantities:

f1:%12§+2+2a%:28+2+2§
2 8 aa\’ a\?
f2:_62:_(a+1+6> Z—(S+1+;>
2 2F% 2 2
f11=B§ f22:F:B(5+1+%>
2F 1
f12:7@:7§<23+1+%>

And using this relations, we get for the metric (1.1), the following link between g;; and g;;:

a\? a\? 4 a\? 4
%:2<8+1+g) gij+3(8+1+g) ble—E<S+1+g) (biyj—i—bjyi)—i-@yiyj.

Now we can observe that the function ¢(s) for our metric (1.1), was of the form ¢(s) = s + s + a and after

Kropina change this function became ¢;(s) = M Initially, the function ¢(s), fulfilled the condition to
be self-concordant and then, after Kropina change, the new function obtained after, namely ¢, (s), fullfil the
condition to be self-concordant, but the condition to remain a Douglas metric for F endowed with the function
¢1(s)is not fulfilled. Even more, even the function ¢, (s) is k-self-concordant, the condition to remain a Douglas
metric for F endowed with the function ¢ (s)is not fulfilled. Next, we will try to see how the self-concordance
condition and k-self concordance condition on the function ¢(s) from an («, §)-metric, could change some
conditions for the bounded Gaussian curvature of such Finsler metrics. Generally, as we see before in this
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paper in Proposition 1.1, we know that for the Gaussian curvature we have the following expression for the
(o, B)-metrics:

3(5)"HL (p(s) — s (s))" [¢>(s) —s¢/(s) + (18] — 32)(;5/'(3)} det a
[0 (B (6(s) = 56/(5)) + bio ()]

In this expression of the Gaussian curvature, we noticed the following term which will be denoted by A(s):

K, =

As) = Bls) — s8'(s) + (18I — )" (s).
Remark 2.2. We can observe that for our metric (1.1), ¢(s) = s* + s + a, we get after computations
A(s) = a+2]8]2 - 352
Starting with

A(s) = ¢(s) — s¢/(s) + (18] — s2)¢" (),

imposing the condition of self-concordant functions, one obtains:

AGE) > 660) = 50/ ) + (1312 = ) (5079

Even more, for the k-self-concordant functions, we get

2
3

AGS) = 0(6) = 50/ () + (1512 = ) ("5

So, we can observe that using the conditions for the function ¢(s) to be self-concordant and k-self-concordant,
this conditions can help us to obtain a boundary for the Gaussian curvature of («, 3)-metrics which contains
convex functions ¢(s).

Next, we will continue our investigation on the metric (1.1) and we will compute the Main Scalar for this
kind of metric in the case of two dimensional Finsler spaces.
For a two dimensional Finsler space, let I' = {y;k(xl,xQ)} be the Levi-Civita connection for the associated
Riemannian space R? and the Finsler connection I' = ('y; ko V650 0). Now, let h and v-covariant differentiation in
I'* be denoted by (; 4, (7)), respectively, where the (0) index denote the contraction with y*. Then y; =0, a;; =0
and a;),;; = 0. From [7], we know that the Main Scalar I of a two dimensional Finsler space F? = (M? L(a, B))
endowed with an («, 8)-metric could be expressed as follows:

o () ]

where e is the signature of the space, v = b*a? — 8%

T = P(P + Pyb® + P_18) + (PyP_2 — (P_1)?) 72

and Ty = 9%; P = LLoa™"; Py = LLgs + (L)%
Py = (LLog + LoLg)a™?,
Py =La? (Laa — Laa™ ') + L2a™?
For the metric (1.1), we can now compute the Main Scalar. In our case, L = a(s* + s + a), where a € (1, +00) is

a real positive scalar. So, in our case,

2 2
L:a<ﬁ2+ﬁ+a>zﬁ+ﬁ+aa.
a2«

«
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Next, we get:
2 2 2 2
« [0 (0%

23 2
Log=—""1Lgs = —.
B a2 BB a

Then, after computations, we get:

(aa® + o+ 5?)(a0? — B?)

P=LL,a ' = i
(2a+1)a®+68a+ 63 ac® —3aB?—4p3
Py = o2 s Py = o
B (ac® —3a B2 —43)

P_o=-— 5
«

((2b2+a) a2—3ﬁz) (a2a+ﬁa+62)3

_ ~
oT _, ((20* +a) o + 4025 — 5. 8 °) (a%a+ Ba+ B?)°

A a?

and also, from

2 (BY [P
a 478 |7
We are now ready to give the following theorem:
Theorem 2.2. The Main Scalar of a two dimensional Finsler space endowed with the («, 3)-metric (1.1), is given by:

9 (2 a®b? +4a2b?B + aa® —5a B2 — 863)2 (a2b2 — 52)
(4a2a+4Ba+482) (20 +a)a? —332)°

el? =

In paper [5], the authors have noticed that the metric F' = a¢(s), where ¢(s) = k1s + kavkss®? + 1, kp > Oisa
Finsler metric of Randers type. Also in paper [5], the authors have remarked that for a certain choose of the
constant k3, the metric tensor is singular (det(g;;) = 0).

Generally, for («, 3)-metrics, we know that the metric tensor could be written as follows:

det(gi5) = 6" (5) ($(s) = 59/ ()" (9(s) = 50/ (s) + (b — 5*)¢" (s)) det(asy).
Next we will give the following Lemma:

Lemma 2.2. For the (o, §)-metric F = ad(s), of the form ¢(s) = k1s + kavVkss? + 1, k1 > 0, the function ¢(s) is self-
concordant if the following inequality holds:

3
3 lks” [kas| _ 2( haks )
kos? + 1|7~ \(kgs2+1)2

where k1, ko, ks are constants with k; > 0.

Proof. Itis easy to see that:

Ifg kgS
/ — k + _ vatver
A Y |
QZ)//(S) _ k? kB
(k3s? +1)3
(;5”/(8) _ —3]{32/€§S
(k3s? 4 1)°
Next, imposing the condition for the function ¢(s) to be self-concordant, we get the desired inequality. Even
more, from the condition ¢(0) = 1, we get ks = 1. O
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Finally, let us give the following example:

Example 2.2. If we take in the above Lemma, k3 = 1, k2 = 1 we get the metric tensor null for this («, 3)-metric,
so this metric is singular and ¢(s) is self-concordant. In this case we get the inequality:

2((1+1s )) >‘(1+32 2)3

Solving this inequality we get s € [— 2y 23@, 2y 23‘/%] . In this case the metric is singular and the function

¢(s) is self-concordant.

3. Conclusion

In this paper we have continued our investigation on the («, §)-metric (1.1) and we succeed to obtain new
results for this kind of metric. Also, we have obtained some important results concerning some inequalities
using the self-concordant and k-self concordant conditions for some special («, 3)-metrics. As we have seen
this could lead us to establish some results regarding the bounded Gaussian curvature of such Finsler metrics.

Another important result established in this paper, was to investigate the link between Douglas type of

metrics under Kropina change and the self-concordant functions. In this respect, we observe that for the
function ¢(s) = s? + s + a for our metric (1.1), after Kropina change this function became ¢;(s) = M
Even the functions ¢(s) and respectively ¢, (s) fulfilled the conditions to be self-concordant and respectlvely k-
self-concordant, but the condition to remain a Douglas metric remains just in the case of the metric F' endowed
with the function ¢(s). For F endowed with the function ¢;(s), this condition is not fulfilled. In our future
papers we will try to investigate other types of Finsler («, §)-metrics from the above points of view and to find

some new families of («, §)-metrics which satisfies this conditions.
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