LEC. 5: APPLICATION OF DIFFERENTIATION

1.2 Application of Differentiation

Theorem: 1. if f(x) > 0on (a, b) then f isincrease on (a, b).
2.if f(x) <0on(a b)then f isdecreaseon (a,b).

Ex: On which intervals is the function f(x) = x*-3x* +1 increase ,decrease.
F(x) =3x*—6x
=3x(x-2)=0
either x=0 or x=2

So f(x) is increase on (—oo0,0) U (2, )

and decrease on (0, 2)
Def.: a function f(x) is concave up on (a, b) if f"(x)>0
and concave down on (a, b) if f"(x)<0

Ex: find the intervals where the fun. f(x) = x* -3x* +1 concave up, concave down
F(x) =3 x* -6x
f"(x)= 6 x- 6=6(x-1)=0
l

equal to zero at x=1
----- -[li---- +++4AQL/J/++ > sign of f"(x)

< ]

f concave up on (1,) and concave down on (—o0, 1)

Def.: Let f be a continuous function on [a, b] and f changes direction of concavity
at X, then (X, ,f(X,)) called an inflection point of f.
or (X, ,f(xo)) is an inflection point of f if f"(x) =0

Ex: Find the location of all inflection points of f(x) = x* - 8 x* +16
f(x) =4 X -16x
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f"(x) =12 x* — 16=4(3x" — 4)=0
l
X=1 2
3

2

7.1) and( NG

,7.1) are inflection points

2
(5

Ex: Find the intervals in which the function f(x) = x'/3(x + 4)
Is increasing , decreasing , concave up , concave down ,and inflection point.

F@) = xV3(x + 4)
f (x) = x1/3(1) + (x + 4) G) x—2/3

7 (x+4)
f(x)= x'/3 + 3x2/3
_ Ax+4  4(x+1)

T o3x2/3 T

) +++ +++++++++  signof f (x)
hl \-1/0 / ]

f increase on (-1, 0), (0, )

f decrease on (—oo,—1)

fe) =30+ Dx?

f"(x) :g [(x + 1) (%Zx‘5/3) + x72/3]

_A(x-2) _
=545 =0 - x=2

_ +++-}\++7l++++ --/-\- ++§;+-}/++ > sign of f"(x)
D N\ /0 % -
0 2
f concave up on (—,0), (2, ),concave down on (0, 2)
(2, 7.6) is the inflection point

1.3 Sketching Graphs of polynomials and Rational functions

Ex: Sketch the graph of the curve f(x) = x3 — 3x + 2
Ff(x)=3x>-3=3(x—-1)(x+1)=0
"4 N

x=1 x=-1
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+++++++; sign off (x)
/ 1 \1
f increase on (—oo0,—1), (1, o)
f decrease on (-1, 1)
f(-1)=4 — (—1,4) is relative maximum
f(1)=0 — (1, 0) is relative minimum
f"(x)=6x=0 - x=0 - (0,2) isinflection point
sign of f"(x)

0
f is concave up on (0,00) and concave down on (—,0)

Y- axis

5¢
4
3F
2
1

Ex: sketch the graph of f(x) = xfil
x2—1=0
(x-1)(x+1)=0 - x=1 and x = —1 are vertical asymptote.

2

liquw% = lim,_ e 1_1 =1 y=1is Horizontal asymptote

x2

_(x* = 1D.(2x) = (x?). (Zx) —2x
(% = 1)? xZ—1)?
++++  ++++ S|gn off(x)
f increase on (—oo, —1) ,(—1,0)
f decrease on (0,1), (1,00)

=0 x=0

z —2X
f(x) - (xz_l)z
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F0x) = (x?-1)2(-2)—(—2x)(2((x2-1)(2x)) _ 6(x%+1)
%)= -1t ~ @

A.p\++/¢+ /\ +X\++7/+ _sign of f"(x)
DA B W VA

f isconcave up on (—oo,—1),(1,) and concave downon (—1,1)

+0

Ex: Sketch the graph of the rational function f(x) = 4_;‘3

X
x2=0 - x = 0isthe vertical asymptote
There is no Horizontal asymptote
4_ 3
fO) ==
y=-X is the oblique asymptote

4
——x+x—2

) 2)(—3x%) — (4 — x*)(2
fo = ECID — (=220

—3x* —8x +2x* —x*—-8x
_ —(x+2)(x%-2x+4)

0 -

» sign of £ (x)

f decrease on (—o,—2), (0, )
f increase on (-2, 0)
(-2, 3) is relative minimum
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£(x) = (°)(=3x2) + (&* +8)(3x%) _ 24 0

x6 x4

There is no inflection point

< N A+ +++\t+++;|Z|-++ _ sign of f"(x)
0

f is concave up on (—oo,0), (0, )

1.4 Newton method:[ used to find the roots of the function f(x)

Numerically.

ﬁu

Ex: use newton method to approximate the solution of +
x}—x—-1=0

X -2 (-1 (0 (1 (2 |3 f(1)=-1 and f(2)=5
fx)(- |- |- |- |+ |+ the sign is vary for the function
between x=1 and x=2 so the root lie between them ,choose x; = 1.5
let f(x)=x3— x—1

f(x)=3x%2-1
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3x2, — 1
3— a—
49 - C97 — 134782609
3— -
x5 = 1.34782609 — (1.34782609)3— (1.34782609)—1
3(1.34782609)2-1

x2 == 15_

= 1.32520040

x, = 1.32471817
xs = 1.32471796
x¢ = 1.32471796
No need to continue because we reached the accuracy so
~ 1.32471796




