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Introduction

It is important to check the convexity and
concavity of the function when checking and plotting
the function. We usually use the product to find the
convex and concave ranges of a function. In this
article, we provide information on how to check the
convexity and concavity of a function using
inequality.

For the function y = f(x) an interval is optional

X, and x, at different values

f(x1;x2]> f(xl); f(x,)

Doi: &Gos¥®f https://dx.doi.org/10.15863/TAS.2022.03.107.14

If the inequality is true, the function is called
convex in this range.
For the function y = f(x) an interval is optional

X, and X, for values

f(x1;x2)< f(xl); f(x,)

If the inequality is true, the function is said to be
submerged in this interval.

The geometric meaning of this is that the center
of an arbitrary vat of a graph of a convex function lies
at the bottom of the corresponding arc. (Figure 1)
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The center of an arbitrary vat of a graph of a
submerged function lies at the top of the
corresponding arc. (Figure 2)
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Fig‘ure 2.
Obviously, y = f(x) the curve may be convex at separates the convex part of a function from the
one point and concave at another. The point that concave part is called its inflection point. In Figure 3,
point A is the inflection point.
g
M4
N
7 z
Figure 3.
We now give examples of how to determine the v = Fxq)=x2, y,=f(x,)=x,
convexity and concavity of a function. )
Example 1. y = x? determine the convexity and f(xl X j _ (Xl X j
concavity of the function. 2 2
Solution. arbitrary values of the arguments of x;
and X». Then: y = x? to check the function for convexity and
concavity
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f () + f(xz) £ Xt X
- (because of x, # X, ). because of the difference is
2 2 1 7 A2
we determine the sign of the difference. positive y = x? the function graph is sunk. (Figure 4)
fx)+ f(x) (X% _ X% (Xt % 2
2 2 2 2
C2XE+2%5 — X — 2% X — X5
4
X - 2xX X5 xl—xzj2 -0
4 2
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Z, O0\%% % &
2 7

ez

Figure 4.

If x>0 and x,>0, then xx,>0 and
X + X, >0, Separation will be plus. If x; <0 and
X, <0, then x;x, >0 and X, +X, <0, Separation

Example 2. y :% check that the function is

convex and concave.
Solution. x; and X, the same sign values of the

) . will be minus.
argument that are different from the arbitrary zero. So, x>0 graphic sink, x<0 will be convex
Separation: (Figure 5).
1,1
f (% )+ f(xz)_]c N+X )\ X X 2
2 2 2 X1 + Xy
2
XX 2 (q+x ) -Axx,
26Xy XX 2% +Xp)
2
__ba=x)
2% (% + X, )
¥
0 G
Figure 5.
Example 3. y=a”* (a>0,a¢1) check that the Solution. x and x, arbitrary values of the
function is convex and concave. argument. Let’s look at the difference below.
[ ]
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X X X tXy
Tha)+ ) f(xl X j _atrar e o As a result, the graph of the function is sunken
2 2 2 (Figure 6).
noox)?
X1 +Xp a2 -a?
a+a -2a ?
= = >0
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Figure 6.
Example 4. y=log, x check that the function X + Xy
log, 2——2 > log, /%X, (a>1da
is convex and concave. 9.7 9a Ve ( )
Solution. x; and X, arbitrary positive values of X + Xy
log, 2—2 <log, %X, (0<a<lda
the argument, Then 9.7 9a ke )
log, X +10g, X, =log, XX, (1) the right-hand side of the inequality
log , swapping
or
log, X J; log, X, ~log, ,_X1X2 ) log, % J; log, %, <log, Xy + Xo (a <l)
X+ Xy and
We know that, /¥x, < =+—-2 if x #x, and
Iogaxl+logax2>Ioga Xq + Xy (0<a<1)
X >0,x, >0, then 2
=log, x function rowin in a>1, . .
g Y _gao 1 g g we create inequalities.
ecreasmg InU<a<di. So, a>1 The graph is convex, O<a<1 will
So: sink in (Figure 7)
4
a>/
g 7 z
O<a<?
Figure 7.
Example 5. y=sinx(0<x<2z) check that interval or (7;27)interval. Let’s look at the difference
the function is convex and concave. below.
Solution. x; and x, arbitrary values of the
argument. In this case, both (0; 7 ) will belong to the
*
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f(x1)+f(x2)_]c X X \_sinxtsinX, o X +X _
2 2 2 2

X

X+ X X —X, .
=sin -2 cosL "2 _sin
2 2

because of being |cosa|£1,cosx1;2X2—1 the

expression is negative or equal to zero.
because of being 0< x < 27,

X — X

Ccos -1<0

If O<x<m O<x,<m, then will be
X + X
0<222 < 7. Asaresult
L X+ X
sin1—22 50

So, if % and x, belongs to an interval (0;7),

sin1 X2 0sX1=%2 4]
2 2

4

T

X _gin X2 gos X" X2 g
2 2 2

and the difference under consideration is negative.
Thus (0; ) the graph of the function in the interval is
convex (Fig. 8).
If <X <27, <Xy, <27, then
<% op,
2
As a result

. X+ X
sin 2—"2 <0 and

sin 1t X2 [ c0s X=X 1150 .
2 2

So the difference is positive. In the interval
(7;27) the function graph is sunk. (Figure 8)
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