Let’s sing first!
Increasing and Decreasing Functions

A function f is increasing on an interval if for any two
numbers X, and X, in the interval, X, < X, implies

f(x)< 1(x)
Likewise, for decreasing

How to prove a function is increasing or decreasing
using Calculus [not our eyes or calculator]

Let f be a function that is continuous on the closed interval

|2, b] and differentiable on the open interval (a, b)

(1) If f'(x) >0 forall xin (a,b), then f is increasing oy [@ /?A
(2) If f'(x)< 0 forall xin (a,b), then f is decreasing ol aQ /{{,j
(3) If f'(x)=0 forall xin (&, b), then f is constant

- "eRizonéal. Line
A function is Strictly monotonic if it is either increasing on
an entire interval, or decreasing on an entire interval

Let’s look at some functions [without our TI]

Let f(X)=4Xx—X on[-4,4]
Step 1: find 7'(X) and the critical values for this interval
f'(X)=4-2x



Let f'(X)=0
0=4-2x
Hence, our only critical value 1s X=2

L )= 4= O

Step 2: test intervals

-4 < x<2 2<Xx<4

Let Xx=0 Let Xx=3

'(0)=4 f'GQ)=-2

f'(X) > 0 on this interval f'(X) <0 on this interval
f is increasing on this int. f is decreasing on this int.

See Guidelines for Finding Intervals on Which a Function
1s Increasing or Decreasing on page 180

J If you learned a “number line” approach in a previous
class, then do NO T use it. The AP requires a thoughtful
analysis which includes nouns and verbs!

And now, [[he First Derivative Fest
Let ¢ be a critical number [value] of a function £ that is

continuous on an open interval / containing ¢. If f is

differentiable on the interval, except possibly at ¢, then
f (€) can be classified as follows:



If 7'(X) changes from negative to positive values at X= ¢,
then f has a relative minimum at (¢, 7(¢))

Consider y= X* +4 on the interval (- 5,5)
My analysis:

The function 1s both continuous and differentiable on the

interval [yay!]
Now let’s find the critical number(s): D 102)<

y'=2x
Our only critical number is X=0
Interval —5<x<0 0< Xx<5
Test Value X=-1 x=1
Sign of f'(X) f'(-1)=-2 fry=2,
2<0 4400 250 >0
Conclusion fis Hdocr fis (e

AND f'(X) is cllganging from negative to positive values at

ant
X=0. Hence, (0,4) 1s a relative minimum for y= X +4
Here is a graph of y= x* +4 and g AX
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If 7'(X) changes from positive to negative values at X= ¢,
then f has a relative maximum at (¢, 7(¢))

Consider f(X)=5-2x— X on the interval (— 4,4 )

My analysis:

The function i1s both continuous and differentiable on the

interval.
Now let’s find any critical numbers. 0 — /OZ - 02)<

f'(x)=-—2-2x

Our only critical number 1s X=— 1
Interval —4 <x<—1 —1<x<4
Test Value X=-2 xX=0
Sign of f'(X) f'(-2)=2 F'(0)=-2 Z

/ -2<0
2>0 \’6 >0 Q




Conclusion

fis

fis

Since f'(X) changes from positive to negative values at
X=—1, then the graph of /(X) has a relative maximum at
the point (~1,6 ). The relative maximum value is 6.

Here are the graphs of both f(X) and 7'(X)

I 5’%/%

If 7'(X) is positive on both sides of X= ¢, then f(() is
neither a relative minimum or a relative maximum.

Consider f(X)=X +3 on (-3,3)
The function i1s both continuous and differentiable on the

interval.




f'(x)=3x

Our only critical value 1s at X ‘/‘0

Interval

—3< x<0

O< Xx<3

Test Value

X=-1

x=1

Value of 7'(X)

fi-)=3
3>0 \—ﬁ >0

Fiy=3 ¢
350 V% 0

Conclusion

f is /HCMS/NO?

fis (neasssing
Vi

In this case, there is neither a relative minimum or a relative
maximum at our critical value.

Here are the graphs of f(X) and 7'(X)

Let’s try to analyze some functions WITHOUT our

calculators.
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Let f(X)=Xx"+8x+10

Our mission:

(a) find all critical numbers

(b) find all open intervals where the function 1s increasing
or decreasing

(c) apply the First Derivative test to 1dentify all relative
extrema

= xss O=2x+%

Let f'(X)=0
Our only critical number 1s X=—4

My analysis .

Interval (o0, =) ( L(L/Q@)

Test Value ——&

Sign of 7'(X) \_g/<© \6 >©

Conclusion ) Aeernzasing | \J (Neaes)ng
U a0 7

Statement about any extrema:
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Let f(X)=(x—2)(x-1)
, u? (x-) B UK-2
0= 2 e () + 27CO A

= Q(x-2)(x~) + (K== = |
= AN [Qx-Q # X2
Critical value(s): 4 = ( X‘Q><5 7<~<7L>

>< = ;2) ><: —\5)
My analysis
Interval (-00, %) (%) 2 ) (OQIOQ\
Test Value W=0QO - & Y = S90ddd @

>
Sign of f'(X) />0 \8‘40 \8(70

Conclusion u/ (1CN__ 7@ Ao 7@ (NN

Statement about extrema:
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Homework: page 186 #19, 21, 23, 27, 35

Do g we Dip i CCAST

Need 1o SEL WO
see StpTements



