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Finding Limits Graphically and Numerically

Limit(fundamental element of Calculus

Def:   Limit is a value when  f(x)  gets closer and closer to a number (L) as x approaches a number  c  from either side. 


Notation:    
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Want to find the limit of a function……..
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graphically--
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Does hole show up?                      Does it show up on your calculator?

· numerically—choose points closer and closer to 1 but not 1(observe behavior

	x
	0.99
	0.999
	1
	1.001
	101

	f(x)
	2.97
	2.997
	?
	3.003
	3.03


· analytically—use algebra or calculus to find limit
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Even though parabola has a gap at  x=1.  We can still talk about what happens (behavior) as  x(1.
Imp:    The existence or nonexistence of   f(x)  at x=c  has no bearing on the existence of the limit as  x  approaches  c.

Suppose:
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Graphically????

Another-------
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               Graph????   Numerically??
Important to remember that the value,  L  ,  must be the same value as x approaches from both sides.
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Thus(the limit does NOT exist   (dne)
Another-----
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      Graph??????

oscillates—thus the function does not approach one number.     limit does NOT exist

Limits do not exist when:

· a function approaches a different number from each side as x approaches c
· a function oscillates between two fixed values as x approaches c
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increases or decreases without bound as x approaches c--   
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Calculus—Chapter 1-3
Some Basic Limits:

[image: image34.wmf](

)

2

2

00

()(4)&()()  thus: 

lim()lim(4)2

xx

gxxfxx

fgxx

®®

=+=

=+=


Properties of Limits—pg 56
· Multiplication of a function by a number

· Adding & Subtraction

· Multiplication & Dividing

· Raised to a power

Limits of Polynomial & Rational Functions:
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Limit of a “Radical” Function:
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valid for c > 0, if n is even  --   

valid for all values of c  if  n is odd…….
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Composite Functions:
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Example:

So far what we have been doing is called Direct Substitution.  Well behaved function—continuous at  c        &      
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Note the Trig functions on pg 58.

WAIT!!!    Suppose you can not find the limit by direct substitution????
Steps for finding limits:

1.  Try direct substitution—after a while you will begin to recognize when you can or can not use direct substitution.

2.  If the limit of a function can not be found by direct substitution, try manipulating the function.

How????   Try factoring and canceling to find a function that agrees everywhere except at one point (usually occurs in a rational function)
      Note:   Anytime you get     
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    (called the Indeterminate form) by direct substitution you should try another approach.

3.  Always remember some limits do not exist.

Check graph if in doubt.

Indeterminate form—try Rationalization w/radicals
ex:    
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        (Note:  does not have to be in the denominator)
Squeeze Thm:      

Special Trig Limits—know 
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Ex:    
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Calculus—Chapter 1-4

Continuity and One-sided Limits

Continuous Function(draw w/o lifting up your 
pencil.

Note:  Continuous is different from finding the 
limit.

For a function f(x) to be continuous

1. f(x) must be defined,

2. 
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3. 
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Function is Discontinuous; NOT continuous at   c   if the function
1. not defined  at  x = c,    (gap, hole)
2. 
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3. 
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does exist but is NOT equal to  f(c).
Notation for Intervals  (sections of a function)


Closed      [ a, b ]  includes the endpts.


Open        ( a, b )  excludes the endpts.


Intervals may be a combination  ( a, b ]

A function is continuous on an Open Interval 

(a, b ) if it is continuous at each point in the interval.
If a function is continuous everywhere, it is continuous on the open interval   (
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) at every point.

Note:  Some functions are continuous at every point in their domains.

· Polynomial

· Rational (continuous except when denominator=0)

· Radical

· Trig

One Sided-Limits

· 
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Ex:    
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graph??  Cool!!

What is the difference between the limit at the endpoint when the interval is defined to be open or closed

The Intermediate Value Theorem
If  f  is continuous on the closed interval [ a, b ], and k is any number between  f(a)  and   f(b)   then there is at least one number  c  in [a, b ]  such that f(c) = k.
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In other words—function is continuous on

[ a, b ] if   x   takes on all values between   a   & b   then   f(x)   must take on all values between f(a)   &    f(b).
Note:  IVT just states that there exists at least one value  c  .  It does not show you how to find the value.

IMP:  If   f   is continuous on    [a, b]

f(a)  &   f(b)   differ in sign then the IVT guarantees the existence of at lease one zero of   f   in   [a, b].
Ex:  
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     Use the IVT to show that there exists a zero in the interval  [ 0, 1 ]
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Calculus—Chapter 1-5

Infinite Limits
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A limit in which  f(x)  increases or decreases without bound as  x  approaches  c  is called an infinite limit.

Ex:     
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Note:   The equal sign in the statement    
[image: image25.wmf]2

0

1

lim

x

x

®

=¥

   does not mean that the limit exists!!!

In fact it indicates that the limit does not exist and that the function’s behavior is unbounded at that x-value.   Nonetheless it is referred to as an infinite limit.

Vertical Asymptotes help you determine where the function is unbounded.  This will help you find the limit at a particular x-value.
Remember:   In a Rational Function

·  the zero(s) of the function are the zero(s) of the numerator.

· the vertical asymptote(s) occur when the denominator is zero and the numerator is NOT.

Caution:    Remember—always check to verify if you have a hole or gap.

Note:    
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   As  x  approaches  0  its numerical value gets smaller and smaller……thus the whole term ( f(x) or y ) becomes numerically larger and larger.
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no matter how close x gets to


the number c, y does not approach 1 number.
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