CALCULAS studies the relationships
that exists between one collection of
objects and another



Theme: The function of one variable

Literature:
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Given two sets X and Y

Definition. A function 1s a rule which assigns
to each element x of X one and only one
element y of Y.

Notation: y=f(x)

x - the_independent variable
y - the dependent variable

The set X - the domain of the function (D(y))

The set of all corresponding values of y - the
range of the function (E(v))




Examples. D(y) - ?
1) f(x)=x-4x+2 (polynomial of the third power)

4 —
1 ) Y x—2
2) V=
x—2
xX+2
- 5) yzln( :lj
x—4

3) y=4x-2 \/x2—4x 4



The most important ways of representing of
the functions:

- the analytic method;

- the tabular method;

- the graphical method



The analytic method:

The function y=f(x) 1s re;

oresented analytically 1f

the variables x and y are connected with each other

by equations

Examples

y=x*+1 -an explicit function

x2+1, x <2,

kx+4, x>2

2)y =+

3)y? —4x=0 - an implicit function

4)y°sinx—4xe’ +1=0 - an implicit function



5) The demand function:

400
qg+3

p:

q - price, p — demand

6) Cost function V(x), income function D(x),
profit function P(x),
where x — the volume of production



The tabular method:

Yn




The graphical method:

N

y 1

~




The main ways of the graph transformations

1) Right-left translation:

right
left

Moving the f(z) graph ¢ uniis to the {

f(z—c)
f(z +c)

gives the graph of {

Example: y=(x-1)*




2) Up-down translation:

Moving the f(z) graph c units { -
- | doun
: f(z)+c
gives the graph o
Example: Sketch the graph
y=1++x-1

y=x’+4x+1 - ?




3) Changing scale: stretching and shrinking

{S = the z-azis by ¢

Shrinking

changes the graph of f(z) into that of { f(z/c)

f(cz)

Example: Sketch the graph

y =sIn2x



{ i the y-azis by ¢

changes the graph of f(z) into that of {°“‘°’

f(=z)/e
Example: Sketch the graph:

y =3sin2x

x—1

y =-—2e



The main characteristics of behavior of the function

* monotonic function (increasing or decreasing):
- increasing: x, <x, = f(x)</f(x,)
-decreasing: x, <x, = f(x;)> f(x,)

 ¢ven or odd:

- OVODL f(—x) = f(x), x € D(x)
-odd: f(-x)=—f(x), xe D)

po 27 X’ -1
-1 7 x* +1 Y 2x° +1

* periodicity: The periodic function 1s a function
that repeats 1ts values in regular intervals



The basic elementary functions:

* The power function;
» The exponential function;

* The logarithmic function;
* The trigonometric functions ( 4 );
* The inverse trigonometric functions ( 4 ).



1) The power function: y=x%, ae€R

Some particular cases: a) a=2n, neN: y=x""
1

)’=—2— x?
D(f) =R,
E(f)=]0; +oof
}X

- decreasing on [-00;0];
- increasing on [0;+o0]



b)o =2n—1,

X

Vel
Il

Y

neN: y=Xx

2n—1

D(f)=R, E(f)=R

- odd;
- Increasing on
D(f)=R



c)a

—2n,

nehn:

>

X

D(f)=R\{0}
E(f)=]0; +o0]

- increasing on (-o0; 0),
- decreasing on (0; +o0);



d)ya =-2n+1,

neN:

D(f)=R\{0;
E(f)=R\0;

- odd;
- decreasing on

]— 00; O[ and
]O; + oo[



2) The exponential function: y=a"(a>0; a=#1)

a=1/2

(0<a<l)

D(f)=R
E(f)=]0; +oo|

[f 0<a<I then the function 1s decreasing,
if a>1 then the function 1s increasing.



3) The logarithmic function: yzlogax (a >0;a# 1)

y

D(f)=10; + o]

y=log x(a>1)

E(f)=R

y=log x(0<a<I)
If 0<a<1 then the function is
decreasing,
1f a1 then the function 1s increasine.



4) The trigonometric functions:

a)y=sinx

y=sinx

D(f)=R, E(f)=[-1;1]

The function 1s odd and periodic, period 7=2x



b) y=cosx

Y=Co0sX

D(f)=R,  E(f)=[-11]

The function 1s even and periodic, period 7=2x



c) y=tgx

———————— — —

s — — —— — —— — —

s — — — — — —— — —

———————— — —

———————— — —

s — — — — — — — — ——

s — — ————— — —

The function 1s odd and periodic, period T=r



d) y=ctgx
v y=cotx D(f):R\{T[k‘ kEZ}

E(f)=R

-T2 T2 T2

———— — ——— —— — — —— — —— — — ——
———— ——— ——— — —— — — —— — — —
———— — —— — —— — — —— — — — — — —

The function 1s odd and periodic, period T=x



5) The inverse trigonometric functions:

a) y=arcsinx
, D(f)=[-11]
Ay y=arcsmnx _—

5 E(f)z{—aag}

T |
2

S 4

BeRall
2

The function 1s odd and increasing



b) y=arccosx
A Y

t 7T

¥ = arccos X

s

1 0 1

-
X

The function 1s decreasing

D(/)=[
E(f)=]

—1;1]
O;n]



c) y=arctgx, E(f)=R,  E(f)= }— %; %{

y = arctgx

> 4

A v
X
2 4
/
s
2

The function 1s odd and increasing



d) y=arcctgx,  D(f)=Foi+o] E(f)=]0;7]

A v

.
2

\ ¥y = arcctgx

0

-
X

The function 1s decreasing



Examples

COSX

e —3arctgx
In” x+2

Dy=

9

2)y=|x

b

3) y=l4+x+x"4+x +..,

F

x+1, x<0,

4) y=-+
)y kxa x>0




y=f(u), u=g(x)

y=f(g(x)) — the composite function
u — the intermediate variable,
f(u) - external function,

g(x) - internal function



An elementary function 1s a function of one
variable built from a finite number of the basic
elementary function and constants through
composition and combinations using the four
elementary operations (+ — X +).

. etan () ‘
EX&IleGS. - 22 sin (\ 1+ In” ;r)
T
y:‘x’ y:<x2+1, x <2,
x+4, x=2

y=l+x+x"+x"+..




The home work:

Sketch the graph:
a) y=x*-4x+5;
b) y= 3+21n(x 1)

C 2005—
)y = 5



