Lesson 1

BASIC ELEMENTARY FUNCTIONS.
ELEMENTARY FUNCTIONS

The basic elementury functions are the following analytically
represented functions.

I. Power function: y=x*, where o is a real number.*

I1. General exponential function: y=a*, where a is a positive
number not equal to unity.

I11. Logarithmic function: y=log,x, where the logarithmic base
a is a positive number not equal to unity.**

1V. Trigonometric functions: y=sinx, y=cosx, y=tanx,
y=cotx, y=secx, y=cscx.

V. Inverse trigonometric functions:

y=arcsinx, y=arccosx, y=arctanux,
y=arccotx, y=arcsecx, Y= arccscx.

Let us consider the domains of definition and the graphs of the
basic elementary functions.

Power function y=x".

1. o is a positive integer. The function is defined in the infi-
nite interval — oo << x << 4 o0. In this case, the graphs of the func-
tion for certain values of a have the form shown in Figs. 6 and 7.

2. o is a negative integer. In this case, the function is defined
for all values of x with the exception of x=0. The graphs of the
functions for certain values of @ have the form shown in Figs. 8
and 9.

Figs. 10, 11, and 12 show graphs of a power function with
fractional rational values of a.

*If a is irrational, this function is evaluated by taking logarithms and
antilogarithms: log y=a log x. It is assumed here that x > 0.
. **Throughout this book, the symbol log stands for the logarithm to the
ase 10.


podkl
Машинописный текст
Lesson 1

podkl
Прямоугольник


N
&
U]
NS
0 X
—— 7
/]
Fig. 6 Fig. 7
y}}
{
g Yy=77
4 )] ——
y=7I7r z
0 g,
Fig. 8 Fig. 9
YA 2
¥y=z y=.z’/"

NY
Q
Ny

0]

Fig. 10 Fig. 11 Fig. 12

General exponential function, y=a*, a >0 and a=+1. This
function is defined for all values of x. Its graph is shown in Fig. 13.

Logarithmic function, y=1log,x, a >0 and a4 1. This function
is defined for x > 0. Its graph is shown in Fig. 14.

Trigonometric functions. In the formulas y=sinx, etc. the
independent variable x is expressed in radians. All the enumerated
{rigonometric functions are periodic. We give a general definition
of a periodic function.



Definition 1. The function y = f (x) is called periodic if there exists
a constant C, which, when added to (or subtracted from) the
argument x, does not change the value of the function:
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f(x+C)y=f(x). The least such number is called the period of the
function; it will henceforward be designated as 2I.

From the definition it follows directly that y =sin x is a periodic
function with period 2n: sinx=sin(x+2n). The period of cosx
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is likewise 2n. The functions y=tanx and y=cot x have a period
equal to m.

The functions y=sinx, y=cosx are defined for all values of x;
the functions y=tanx and y=secx are defined everywhere except

at the points x=(2k+1)5 (k=0, &1, +£2, ...); the functions



y==cotx and y=cscx are defined for all values of x except at
the points x=4n (=0, 1, +2, ...). Graphs of trigonometric
functions are shown in Figs. 15 to 19.

Y\ y-tanz y=cotz Y )

——

[

=~

1
N

&)

.. .| 7

2]
u
.1 DN

T e e L
@D - - - —— - et e e - e -

Fig. 17 Fig. 18

The inverse trigonometric functions will be discussed in more
detail later on. |

Let us now introduce the concept of a function of a function.
If y is a function of u, and u (in turn) is dependent on the var-
iable x, then y is also depen- '
dent on x. Let y=F (¢) and
u=e@(x). We get y as a fun-
ction of x:

The function y=sin (¥?) is a com-
posite function of x.
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Example 1. Let y =sin u, u=x2. / :
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Note. The domain of defi-
nition of the function y= Fig. 19

= F [ (x)] is either the entire
domain of the function, u=¢(x), or that part of it in which
those values of u are defined that do not lie outside the domain
of the function F (u).

Example 2. The domain of definition of the function y=V IT— 2 (y= V u,
u =1—x?) is the closed interval [—1, 1], because when |x|>1 u <0 and,

consequently, the function V'u is not defined (although the function u=1— x2
Is defined for all values of x). The graph of this function is the upper half of
a circle with centre at the origin of the coordinate system and with radius
unity.



The operation “function of a function” may be performed any
number of times. For instance, the function y=In [sin(x*+ 1)] is
obtained as a result of the followmg operations (defining the fol-
lowing functions);

v=x*+1, u=sinv, y=Inu

Let us now define an zlementary function.

Definition 2. An elementary function is a function which may
be represented by a single formula of the type y=f(x), where
the expression on the right-hand side is
g\ made up of basic elementary functions and
constants by means of a finite number of
operations of addition, subtraction, multi-
plication, division and takmg the functlon
of a function.
From this definition it follows that ele-
_ mentary functions are functions represen-
Fig. 20 ted analytically.

Examples of elementary functions:

g p=
- logx+4 /x—l-Qtal‘lx
3 _ 2 -—
y=|x|=V2 y=VIitdsin’s, y=—""Tp—"0
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Example of nonelementary function:

The function y=1-2.3.- ... .nly=f(n)] is not elementary because the
numnber of operations that must be performed to obtain y increases with n,
that is to say, it is not bounded.

Note. The function given in Fig. 20 is elementary even though
it is represented by means of two formulas:

[(x)=x if 0<<x<1
fx)=2x—1 if 1<x<?2

This function can also be defined by a single formula'
3 3 l

for 0<Cx<<2.





