Real Numbers

Intervals:

The interval is a subset of real numbers R and contains three types

«0pen interval (a,b)

« closed interval [a,b]

. half closed and half open (a,b] , [a,b)

(a,b) = {x|la<x<b}
[a,b] = {x|la=x=0b}
[a,b) = {x|]a=x<b}
(a,b] = {x|la<x=0b}
(a,9) = {x|x> a}
[0.) = {x]x=a)
(00, 5) = {xlx < b}
(=00, 5]= {x]x = b}

(—00, 00)=R(set of all real
numbers)
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Real functions

Function: a relationship between the two groups so that each element of the domain
group is linked to only a single element of a group

The opposite field and write y = f (x)

Domain group values ( the possible values for X ) Domain for X .

Range : which is a subset of the domain group contrast (the possible values for y
with respect to values for X )

Example:
Function Domain (x) Range (y)
P == 2
y=x (=00, 00) [0, 00)
y= 1k (=00,0) U (0, o) (=00, 0) U (0, o)
y=Vhk [0, 00) [0, 00)

y=V4 —x (=00, 4] [0, 00)
y=VI - x? [-1,1] [0, 1]

Solution:The formulay=x* gives a real y-value for any real number x, so the

domainis(— oo,oo). The range of y = x* is[0,00) because the square of any real number
isnonnegative and every nonnegative number y is the square of its own square root,
y=(/y)*fory=0.

The formulay = 1/ x gives a real y-value for every x except x= 0We cannot divide

any number by zero. The range of y = 1/ x the set of reciprocals of all nonzero real
numbers,is the set of all nonzero real numbers, since y = 1/(1/y) .

The formulay = \/x gives a real y-value only if x>0. The range of y = /x is[0,0)
because every nonnegative number is some number’s square root (namely, it is the
square root of its own square).

Iny = /4 —x the quantity 4 -xcannot be negative. That is, 4 -x> 0 ,orx < 4

The formula gives real y-values for allx< 4The range of is[0,) ,

the set of all nonnegative numbers.

The finalformula gives a real y-value for every x in the closed interval

From -1 to 1. Outside this domain,1 — x ?is negative and its square root is not a real
number. The values of1 — x *vary from 0 to 1 on the given domain, and the square

rootsof these values do the same. The range of 1- x* is [0, 1].
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Limits

We say the real number L is the limit of the function f whenX — X, as written
lim f(x)=L-

X—Xo

Note that the limit Spread over inside the parentheses of summation or subtract,
multiply, divide for two functions .

Example: Evaluate the limit

2
C 2xt*—6x*+x%+3 2o —doc —3x—3
1.lim — x—1| 2x% — 6% + %% +3
F2x* + 2x°

. —4x* + x* +3
=£1_1}'[%213—4x2—3x—3=—8 1453 T 4 52
—3x* +3
+3x F 3x
—3x+3
+3xF 3
0

Ja+x-2 Jax x+2_ 4+x-4 =iy X _1

2.1lim X im———- -
x—0 X 14+ X+2 x—0 X.4+X+2X x>0 X- 4+X+ 2 4

Exercises: Evaluate the limits H.W

- x'—16
« lim
X—2 X—2
X =x*—5x-2
« lim
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Continuity

Continuity Test

A function f(X) is continuous atx =c if and only if it meets the following
three

conditions.

1. f(c) exists (c lies in the domain of f)

2. limf (x) exists (f has a limitas X —c)

3. limf (X)=f(c) (the limit equals the function value)

X—C

Example:A Continuous Extension
Show that £ (x) = X" +x-6
x* —4
has a continuous extension to x = 2 and find that extension.
Solution: Although f(2) is not defined, if x # 2 we have
X +Xx-6_ (Xx—2)(x+3) x+3

F)=—
X*—4  (xX=-2)x+2) x+2
: X+3
The new functionF(x) =
X+2

isequal to f(x) forx= 2  butiscontinuousatx=2  having there the value of
5/4. ThusF is  the continuous extension of f tox=2and

24y — 5
lim )(7:7)(6: lim f () =

X—>2 X "= X—>2
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Derivative

The derivative of function f (x) with respectto X is f’(x) as define

£1(x) =lim f(x+h)-f(x)
h—0 h
Rules of derivatives :
Let f(x) and g(x) are differentiable functions and letc is a constant ,

neR ,then

-Qc=0
dx

.—d[ FO) 1909 = t7x) T g'(%)
dx

d
IR0 0001~ 19 ') + 909 1109
X

. d [f(x)]= 9 - ') =F(x)-9'(X). g(x)=0
dx " g(x) (9(x))’

A1 =n[F OO - £/(%)
dx
Example: find the derivative for the function

Hw= " HE-x
3x

Sol: f/(x) = (1+ 3X)><(—1)+(3—X)x 3x><3—(12+3x)><3
3x )¢
_=1-3x x=3_-x=-3+x-3_-(X+1)
3X 3% 3x? X’
Chain rule

Ify= f(u) and u=g(x) then dy_dy du

dx du dx
Ify= f() and x=g(t) then @:dyi/dt
dx dx/dt
Example :
Find Q

dt
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x:2t—5andy=x2+§

2
Sdol: 1
_y=2X+_ , %:2
Kooy & o 1
W X LY x4y x2=4x+1=8t-19.
dt dx dt dt 2
Example :

1 1
Find 4y jf X=t+_ y=t—

dx t t
Sol:
dy =1 +i ,%zl —i
dt o dt t?
1 2
14+ t°+1

dy_dy/dt dy e o A1
dx dx/dt " dx , 1 t’-1 t°-1

Exercises: HW
Find dy/dx and by using chain rule

Ly =2%22"+3 2. y=4x [x+vx

2
3)7:(\/}_) 4y = 1
1+x 'y_t_t_z;

S.y=+t2—=4 43,  x=3ty2t+1

_ 1
x—["f'p



