CH4 Summary

The Mean Value Theorem (M.V.T.):

* Rolle’s Theorem:
1. [ Continuous on [a, b]

2. f differentiable on (a, b)
3. f(a) =f(b)
3 ¢ € (a,b) suchthat f'(c)=0

» The Mean Value Theorem (M. V. T.):
1. f Continuous on [a, b]
2. f differentiable on (a, b)

3 ¢ € (a,b) suchthat f'(c)=%

Maximum and Minimum Values:

Definition: if ¢ in Domain D of function f Then:

— Local Maximum Value if: VA
f(c) > f(x) when x is near c. T loc
— Local Minimum Value if: 61 /IZC\ 2111;(51
f(c) < f(x) when x is near c. T ~— max i
44
— Absolute Maximum Value if: 1 IO-C \e/
: min
flc) = f{x) for all x in D. 2+
— Absolute Minimum Value if: i —— [ : ] J : : K >
0 4 8 12 X

(c) < f(x) for all x in D.

Absolute = Global
Extreme Value: Maximum or Minimum value.

Remark:

Absolute max. largest value between Local max & end point (max).

Absolute min: smallest value between Local min & end point (min).
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How Derivatives Affect the Shape of a graph:

Let  f(x) has critical points ci, 3 in figure below defined on |a, b]:

\/\\

- ++++ ———— g ————

»  The First Derivative Test:

Def: we called c Critical point if:
1) 1t is defined on f (c).

2) f(c)=0 or f(c) D.N.E
L] lien Aliall linal

- flcy local min, flcz) local max.
— f(c3) not extreme (no max, no min)

— f(a) end point (max), f(b) end point (min).

» Increasing and Decreasing Test:

- f'x) > 0 on an interval,  f increasing on that interval.
- ffix) < 0 on an interval,  f decreasing on that interval.
f decreasing on (a, c1) U (¢, b)
f increasing on (c1, c2)

=  The Second Derivative Test:

Def: we called c Critical point if:

1) It is defined on f(c).

2) f"(c)=20 or f"(c) D.N. E
Lal) jlieal il lia
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=  Concavity Test:

A mine

A

f = +4+++ ® ®
a C, c, ¢ b
- f'x) > 0 on an interval,  f concaves up on that interval.
- f'x) < 0 on an interval,  f concaves down on that interval.
= Inflection point:
(c1, flen)), (c2 flc2))

1) It is defined on f (c).
2) Change the concavity.

Summary of Curve Sketching:

b Lo pi = f(x Al ild] isial) ans
el o) ]

S U/u‘L' Logpei 2

X-intercept at y = 0

Y-intercept at x = 0

Horizontal asymptote — lig_rn f(x)
x—Foo

Vertical asymptote plidl jlial o

Maximum ) s saill will s adliil] g 2] jill ol 5 lgia 23ni s jdeall lg sli s (A5 ¥) ddidall 22 553
.(and Minimum

Cilba i) bl g Sy Ao U _jndil] ] 8 gia s3n iy jiiall lgy sloui g ilil) diikall s 5i 4

s CillaeiY)] Llis g 5 geail] il g abiliall s foai aF Cillaai¥) Ll g (5 gumadl] wiil) mns Il o i 5
o edil] g adlidl] 5 2 i) 3le ) s
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4—x?
Example 1: Let  f(x) = 5~

X

a) Study the symmetry of the curve and find the x—intercepts and y—intercepts, if any.
b) Find the vertical and horizontal asymptotes for the graph of f, if any.

. . _ 10x
c) Given that f'(x) = o
i) Find the intervals on which f'is increasing and the intervals on which f'is

decreasing.
ii) Find the local maximum and minimum values of f, if any.

_ 2
d) Given that f”'(x) = %

i) Find the intervals on which the graph of fis concave upward and the intervals
on which the graph of fis concave downward.
ii) Find the points of inflection, if any.
e) Sketch the graph of f.

Solution:

The domain of the function f(x) is all numbers except those that make the denominator
equal to zero.

Df = :R - {—3, 3}

(a) X-intercept: put y=0,

4 — x? 4 — x? " B
y:x2—9 = O:x2—9 = x‘=4 = x=42
X-intercept: put y=0,
4 — (2 4
Y=0z—9 T YT 9

(b) Find the vertical and horizontal asymptote:
To find the horizontal asymptote:
x2=-9=0= x*=9 > x=7%3

4 — x? B 4 — 32

Imfe) =lm 59 “37-9 =
_ 4 —x* 4—(-3)?
lim f(x) = lim = = —00

x—-3 x>-3x2—9 (=3)2-9

.. There are vertical asymptotes at x=3 and x = -3.
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To find the horizontal asymptote:

lim im X ) = _
X—>00 xZ —_ 9 X— 00 2 _ 2 _ 1
(1-32) (1-3)
4 4 __
4w 2(E-1) (Y
lim = lim = =—1
) )
x? (—o0)2
.. There is a horizontal asymptote at x=-1.
10
(c) Given f'(x) = 2 :)2
, 10x
fx)=0 = 7= 9)2—0 = 10x=0 = x=0
f'(x) DN.E. = (x*?-9)2=0 = x?-9=0 = x=43
, 10(—4) —40
f (_4) = _ 2 2 =
(=H*-9)* 49
, 10(—1) -10
== 2 2 =
(=1)*-9)* 64
, 10(1) 10
fO=—s5——5=
((DH?%2-9) 64
, 10(4) 40
)= =

@r-97

M £+ + 4+ &+ + +

f(x) —o <

C . C > + [ee)
-3 0 3
f decreasing on(—o,—3) U (—=3,0)
f increasing on(0,3) U (3, )
4 — 02 4 o
f(0) = = local minimum
~9 9
. rroN —30(x2+3)
(d) Given f(x) = NEEE
124 —30()62 + 3)
= O - =
£ () R
-30x2+3)=0 = V=3 Rejected
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f,,(X)DNE = (x2_9)3=0 — m:%

= x2-9=0= x=+43

—30((-4)2+3) —570

[0 = ((—4)2-9)3 343

.o —30(0°+3) -90 90

f(0)= (02—9)3  —729 729
_ 2 _

) = 30((4)2 +3) —570

((4)2-9)3 343

1 U 1

- + + + - ==
f/,(X) —o0 * © S >+ oo
-3 3

f concaves down on (—o0,—3) U (3, )
f concavesup on (—3,3)

f(=3), f(3) undefined.

~ There is no influctions point.
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