APPLICATIONS OF DIFFERENTIATION
4.3 DERIVATIVES AND THE SHAPES OF CURVES

A. 1. f(x) = xIn(x?) D: (-, 0)U (0, )
2. Pu)zlnu2)+x[§§)=|nu2)+2
INx?)+2=0=In(x*)=2=e2=x>=x= i% ~ +.368 CN: J_r%
Horizontal tangents at x = i%

3. First derivative sign chart for increasing/decreasing intervals

f + + + - - + + +
f | > 1 1
/368 \y 0 \3es /on (‘w"‘jLJ[E’wj
test -1 -2 2 1
U(o,lj
e

f'-1) =In(-1?+2=2>0
f'(-2)=In(-2>+2~-1.219<0 R: (~o0,0) U (0, »)
f'(2)=In(.2)> +2~-1.219<0

f')=In(1)> +2>0

2
4. f(—lj = —lln(—lJ ~ .736 Local max: .736 at x = -.368
e e e
1 1 (1) o _
fl—|==In| =] ~-.736 Local min: -.736 at x = .368
e e |e
No absolute extrema
5. f(0) is undefined No y-intercepts
0 = xIn(x?) = x = +1 x-intercepts: (-1, 0), (1, 0)
6. f'(x)=In(x?)+2=f"=22_2
X X

f‘cannot=0
f* is undefined if x = 0. There cannot be an inflection point here,
[not in the domain of the function] but it is still a point of interest!

7. Second derivative sign chart for concavity

P e e ‘
f (M 0 W, (Mon (-, 0)
test -2 2 Uon (0, )

f'(-2) = —% <0 and f"(2)= % >0
No inflection points



Graph of f(x) = xIn(x?)
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Additional points: f(-2) =-2.773, f(2)=2.773



f(x) = x*(5 + x) D: (-o,0)U (0, »)

fi(x) = (5 + x)%x‘% o §(2+ xj

o
f'(x):g(%]:O: X = -2
£(x) :%[2;—/Xj is undefined if x = 0 CN: x=-2,0

Horizontal tangent at x = -2
There is no horizontal tangent at x = 0, because there is no
derivative there.

First derivative sign chart for increasing/decreasing intervals

f + + + | -———- | + + +
f‘ /‘ -b \, 6 /' ” /" on (=0, —2) U (0, )
test -3 -1 1 N on (-2,0)
5(2-3
f! -7 7
= 3((—3”
. 5 2-1 a5 2+1 e
f(-2) = (-2)%(5 - 2) ~ 4.76 Local max: 4.76 at x = -2
f(0) =0 Local min:0atx=0
No absolute extrema
. f(0)=0 y-intercept: (0, 0)
0=x%5+x)=x=0o0r x=-5 x-intercepts: (-5, 0), (0, 0)

f'(x) = g(fo% + x%) = f"(x) = g[—gxé + %x%j = E[XXTZ]

f*=0ifx=1;f isundefinedifx =0 Possible inflection points at x = 0, 1

Second derivative sign chart for concavity
f --- | --- | + + +

f N 0 A1
test -1 5

Y

" on (-, 0) and (0, 1)
\_Jon (O,oo)

0 8o - B o= ) o

f(0) is defined, but £(0) is not. There is a cusp at f(0). Inflection point is (1, 6)

~C




Graph of f(x) = x%(5 + X)
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Additional points: (-5.5) = -1.56, f(-3) = -4.16, f(.5) = 3.46, (1.5) = 8.52

8. Second derivative test

f'(-2)<0 = M = local max at x =-2
f(0) is undefined, which does not give any information



A f(x) = AEX D: (—, -2) U (-2,2) U (2, »)

4 - x2
Asymptotes: x=2,x=-2
5 f,:(416x2)2
- X
f':%:O:X:O CN: 0
- X

Horizontal tangentat x =0
f'(x) is undefined if x = + 2. Although these are not critical numbers
[not in domain], they are still points of interest!

3. First derivative sign chart for increasing/decreasing intervals

f’4 ++ + - == i - + + + >
f
\4 -2 \1 0 /‘ 2 /‘ \,on (=0, -2)U(-2,0)
test -3 -1 1 3 on (0,2)U (2, =)
F(-3) = 25 <0, fi(-1) = —10 <
(-5) (3)
16 48
f'1)=— >0, f'(3) = >0
M= @)= 2
4. f(0)=1 Local min: 1atx=0
No absolute extrema
5. f(0)=1 y-intercepts: (0, 1)
2
f(x) = j+ X2 =0=>4+x>=0=x%=-4 No x-intercepts
- X
2
6 f' - 16x2 e 16(4+12’>x3)
(4 — x°) (4 — x°)
f*cannot=0 No inflection points

f*is undefined if x = +2. There cannot be an inflection points here,
[not in the domain of the function] but these numbers are still of interest!

7. Second derivative sign chart for concavity

- +++ .
f‘ a 4 N 2 m . () on (—00, —2) U (2, )
test -3 0 3 on (-2, 2
L o2
fr(-3) = 822D g, pr(0) = 18 s g s - BEE2D)
(4-9) (4) (4 - 9)
4
4+ x? 7+1
8. | 2 5 = lim X4 = -1= y = -1 is a horizontal asymptote R: (_oo, _1) U [0, o)
X—0 — X X~>ooi_1
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Additional points: f(-3) =-2.6, f(-4) =-1.7, f(-6) = -1.25, f(-8) = -1.1, f(3) = -2.6, f(4) =-1.7,
f(6) =-1.25,18)=-1.1,f(-1)=1.7,f(1) = 1.7



