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Critical Numbers

Find the critical numbers of the given function

1. f(x) = x3 + 6x2 � 15x

2. f(x) = 2x3 + x2 + 2x

1

 

Solutions

f 41 3
2 12 15

31 74 5

3 Gts x l
o

X l or X S

f 41 6 72 2

213 2 txt
since 172 41314 1 12 1120
there are no critical points
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3. f(x) = |3x� 4|

4. f(x) =
x� 1

x2 � x+ 1

fan 314 if 3,9
3 4 if Ex
3 4 if X2413

Because 1H is not differentiable at o f is not differentiable
when 3 4 0 or X 4 3 So

fCx 3 if's ex
3 if Xc413

undef if 413

implies that x 4b is the only critical point

f X XZXH x 1 2 1 XZXH 2 2 3 1
1 2 172 62 XM

XZ 2X
1,2

O O x 2x x x 2

X o or X 2
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First Derivatives

For each function use the first derivative to find

• the interval(s) where the given function is increasing

• the interval(s) where the given function is decreasing

• the local maximum/minimum values

5. f(x) = 2x3 � 9x2 + 12x� 3

6. f(x) = x4 � 2x2 + 3

fYx1 6
2 18 112 increasing C X 1 uC2 x

662 3 12

66 21411 Decreasing 1,2
f'all

localmaximum f 2 9 12 3
Value 2 3 3

2
4 40

Localminimum ft _2181 9647 1261 3value 16 361 24 3
16 12 3
I

fYx 4
3 44

Increasing C1,070Gt
4 1 2 1

i

4 6 111 1 Decreasing C x 1106,1

µ

beautaimalfimum fats

fboy 6,01 Cbo
Localminimum ft D I 2 3 2
values

f D I 2 3 2
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7. f(x) =
x

x2 + 1

8. f(x) =
x2

x� 4

f X ti xCz Xi increasing C1,1

txt 2
Decreasing i fo Mucho

since4442 o the sign of f Kd onlydepends
on 41 42D CxtDCx D Localmaximum f DLyFtl value

cto No X localminimum ffivalue

increasing C X o v 8,0

fly 2Xl X2 xZ8X_ Decreasing 0,8X 412 x 4 2

Since Cx41220 the signof Localmaximum f01 0

f'CN dependsonly on value

XZ 8x Xcx 8

µ
Yacffeminimum fcs 6442 16

0,0 8,0
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Second Derivatives

For each function use the second derivative to find

• the interval(s) where the given function is concave up

• the interval(s) where the given function is concave down

• the inflection points

9. f(x) = 2x3 � 9x2 + 12x� 3

10. f(x) = x4 � 2x2 + 3

fAll 6
2 18 12

Concave Up Zz y

f41 12 18 66 3 Concave down f x Z

y fCx Inflection Points

f 3 2 2Ef 9194111431 3
X 241 841 t 18 332,0

544 69 6
4 7

E

f41 4
3 4

Concave up fo Fs v Fs o

f47 125 4
0

Concave down CFsFs
3 2 1 0

E Inflection Points
observe that f is even so

ftF f F Iz 2
3 3 4 ftEf

TE CFs Fs
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11. f(x) =
x

x2 + 1

12. f(x) =
x2

x� 4

Concave up f B o v Bp
XZ1 I

f Concave downCno B ulo B
XM

f 41 2 14172 Ex 41441 Inflection Points
64114

2 64171 7 2 42 f B II Ef ft B If
1 4114

2 1 73 901 B Ba EB ET
X2 173

Since 4,13 o the sign of f 41depends
only on 2 423

fado x

fkxt XE.SI Concave up 4,61

f 4 12 811 412 4 8124412 Concave down Cno 4
x414

26414 412 x2t8x Inflection Points
x 414

21 2 8 16 X2t8X None
K 3

There is no inflectionpointwhen X 432
413 because fad has a vertical asymptote

Thesign of f CN depends onlyon x y
at x 4

4,0


