Activity 9 — Curve Sketching Date:

DEFINITIONS: @ _Local maximuma function value (y value) that is greater thaequal to all other
function values in its neighbourhood. Usually, thection changes from increasing to
decreasing at this point, thus the derivative ckarigpm positive to negative at this point.

Formal notation:f (x) has a local maximum at= c, if f(c)z f(x) for all x close to c.
The local maximum valuis f(c).

@_Local minimum a function value (y value) that is less thanaquad to all other function
values in its neighbourhood. Usually, the functalhanges from decreasing to increasing
at this point, thus the derivative changes fromtpasto negative at this point.

Formal notation:f (x) has a local minimum at= c, if f(c)s f(x) for all x close toc.
The local minimum values f(c).

®_Absolute maximuma function value (y value) that is greater thaequal to all other
function values.

Formal notation:f (x) has an absolute maximumxat d, if f(d)> f(x) for allxin D, .

The absolute maximum valis f(d).

@_Absolute minimuma function value (y value) that is less thanauad to all other
function values.

Formal notation:f (x) has an absolute minimumat d, if f(d)< f(x) for allxin D, .

The_absolute minimum valis f(d).

® A function is_increasin@over an interval) if the graph of a functiersesfrom left to
right along the x-axis (over said interval).
Formal notation:f (x,) < f(x,), when x, <x,

® A function is_decreasinfver an interval) if the graph of a functieaLLs from left to
right along the x-axis (over said interval).
Formal notation:f(x,)> f(x,), when x, <x,

Properties of the first derivative of functions
1. f'(x)=0 givesx value of possibléocal extrema

2. f'(x) >0 on an interval, therf (x) is increasing on that interval
3. f'(x) <0 on an interval, therf (x) is decreasing on that interval

I Thefirst derivativetest:

I 1. If f’(a) =0and' (X) goes from increasing to decreasing then@ is a local maximum.

| 2. if f (a) =0and' (X) goes from decreasing to increasing then@ is a local minimum.
Note: = A maximum or a minimum is often referred to as afmeana.
# Not all functions will have a maximum or a minimum.

< The function could have a point where the derivathO but the derivative does not change signs,
then the point is neither a maximum nor a minimum.



Properties of the second derivative of functions
1. £"(x) =0 may give points of inflection (places where thediion changes from concave up to
concave down or vice versa)
2. f"(x) >0 on an interval, therf (x) is concave up on that interval

3. f"(x) <0 on an interval, therf (x) is concave down on that interval

I Thesecond derivative test:

I Fora function]c (X) where f"(X) exists on an interval containirg
I 1o f (a):o and | (a)>0 then X = a is a local minimum.

[ 2. If f'(a):O and f"(a <0 thenX =2 is a local maximum.

Curve Sketching Given | nfor mation

1. Use the information to sketch the graph.
a) The domain of the function is the set of all reanbers excepk =1 and x = —1.

b) lim f(x) = —co lim f(x) = oo lim, f(x)= oo lim f(x)= -

P

c) lim f(x)=0, f(x)<0 asx -

X 00

d) lim f(x)=0, f(x)<0 asx - o

e) The y intercept is 2. There are no x intercepts.

2. Sketch a graph of a polynomial (continuous) fiomcthat satisfies all of the following conditians
a) f'(x)>0 for 0<x<land f'(x)<0 for 1< x<oo
b) £"(x)>0 for 2<x<oand f"(x)<0 for 0< x <2
c) lim f(x)=0

X 00

d) f(x) is an odd function (symmetrical about the origin)

3. Sketch a graph of a (continuous) function tlaéisEes all of the following conditions:
a) f(0)=f(38)=2 f(-1)=f(@)=0
b) f'(-1)=f'@Q)=0
c) f'(x)<0for —e < x<-1andfor0<x<1
d) f'(x)>0for —1<x<0 and forl< x< oo
e) f"(x)>0 for x<3(x#0)and f"(x)<0 for 3<x<w
£) lim (x) =4 and lim f(x)=eo



Curve sketching Given Equation

A complete analysis contains: intercepts, asymptatemain, Max/Min points, intervals of Inc/Dec,
inflection points, intervals of CU/CD, and an aatergraph.

Complete a full analysis on the fo

llowing functicansd graph:

1. f(x)=36x-3x*-2x° _ X 3. k(x)=4x?-2x*-3
x> +9
_4-x? 5. g(x)=x*-2x*+1 X

4 g(x)—4+)<2 6. f(x)—x_3

— 9v2aX 2 — 5 _ 4
7. y=2xe g k(x)=X2X 9. h(x)=x®-10x

€

: In x 1 X
10. j(x)=— 11. f(x)=6x? _ZX4 12.y = g
Solutions:

1. Max (2, 44) Min (-3,-81) IP
-1 =37
27 2

2. Max (3, 0.7) Min (-3, -0.7)
IP (0, 0)(v27,08)
(-v27,-08) HA y=0

3. Max (1, -1) (-1, -1)
Min (0, -3) IP (+ 0.6, - 1.9)

4. Max (0, 1) IP(+ 12,05)
HA y=-1

5. Min (1.5, -0.7) IP (1, 0) (O,
1)

6. Max (0, 0) Min (6, 12)
VA x=3,0A y=x+3

7. IP (-3.414,0.767) (-0.586, 0.384
CU x<-34140r x> -0.586

CD -3414< x<-0.586

8. Max (L, 0.14) Min (0, 0)

IP (1.7, 0.1) (0.3, 0.05)
HA y=0

9. Max (0, 0) Min (8, -8192)
IP (6, -5184)

10.Max (1.4,0.12) IP (1.8, 0.1) VA
x=0HA y=0

11.Max (++/12,36) Min (0, 0)

IP (+ 220)

12.No Max Min IP (0, 0)
VA x=43 HA y=0




