
Chapter 3 Applications of Differentiations 

3.1 Maximum and Minimum Values 

 

1. Absolute maximum and absolute minimum values 

1) Definition 

Let c be a number in the domain D of a function f. Then f(c) is the   

absolute maximum value of f on D if f(x)≤f(c) for all x in D; 

f(c) is the absolute minimum value on D if  f(x)≥f(c) for all x in D. 

    global maximum – Absolute maximum 

     global minimum – Absolute minimum 

     extreme-maximum and minimum 

 

2) Examples 

• f(x)=sinx  on [0, 2 ] 

       f(x) has an absolute maximum value 1 at x=  /2, and f(x) has an absolute      

minimum value -1 at x=3 /2. 

• f(x)=1/x on (0, 2] 

   f(x) has an absolute minimum value ½ at x=2, but f(x) does not have an absolute 

maximum value. 

3) Theorem 

 If f(x) is continuous on a closed interval [a, b], then f(x) must attains both an 

absolute maximum f(c) and an absolute minimum f(d) at some number c and d 

in [a, b]. That is  

         f(x)≤f(c)  and if  f(x)≥f(d)  for all x in [a, b]. 

4) How to find the absolute maximum and minimum values? 

2. Local (relative) extrema values. 

1) Definition 

           f(c) is  a local maximum value of f if f(x)≤f(c) when x is near c; 



            f(c) is a local minimum value of f if  f(x)≥f(c) when x is near c. 

 

2) Fermat’s Theorem 

If f(x) has a local extrema (maximum or minimum) value at c,  and f is 

differentiable at c, then f`(c)=0. 

 

3)  Finding local extreme values 

To find where a function has local extrema vaules, find all points c such that 

f`(c)=0 or f`(c) is not defined. 

 

4) Definition of Critical numbers (points) 

A number c where f`(c)=0 or f`(c) is not defined is called a critical number. 

 

5) Examples 

• f(x)=x²-4x+5, 

 f`(x)=2x-4, 2x-4=0, x=2   --critical point, 

 f(x) hax a local minimum value at 2. 

• f(x)=x³, 

 f`(x)=3x², 3x²=0, x=0 –critical point, 

but f does not have a local extrma value at 0. 

 

6) Remarks 

 If f(x) has a local extrema at c, then c is a critical point. 

But if c is a critical point, f(x) may not have a local extreme value at c. 

 

 

3. Answer for question 1 4) 

To find the absolute extreme values 



1) Find all critical points; 

2) Evaluate f at all critical points and endpoints; 

3) Take the largest and smallest of these values 

 

4. More examples 

Find the absolute maximum and absolute minimum values of f(x)=x²-4x+5, 

on [0,5] 

 Solution: f`(x)=2x-4, 2x-4=0, x=2   --critical point 

 f(0)=5; 

 f(2)=1; 

f(5)=10; 

f(5)=10  is the absolute maximum value, and f(2)=1 is the absolute 

minimum value. 

 

 

5. Practice 

On page 205, 30, 32, 46, 48. 

30, 42:  Find the critical numbers. 

30. f(x)=x
3
+6x

2
-15x                            (-5, 1) 

42. 21)( xxg                               (-1, 0, 1) 

46, 48:  Find the absolute maximum and absolute minimum values. 

46. f(x)=5+54x-2x
3
,    [0, 4]              (abs. max.=113, abs. min.=5) 

48. f(x)=x
3
-6x

2
+5,     [-3, 5]      (abs. max.=5, abs. min.=-76) 

 

 

 

        

 


