Topic 5.6 - Determining Concavity of Functions
Topic 5.7 - Using the Second Derivative Test
Determine the open intervals where the graph of the function is concave up or concave down. ldentify any
points of inflection. Use a number line to organize your analysis.
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1) f(x)=x*-6x"+2x+3
f'(x) =4x®-12x+2
f(x) =12x*-12
f(x) =0

12X ~12=0 %)
12(x* ~1) = 0

x=-11

f"(x)is not differentiable
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concave upward on

f(x) is
(—o0,—1) and (1,00) because f"(x)>0 on those intervals.

f (x) is concave downward on (—1,1) because f"(x)<0 on that interval.
f (x) has points of inflection at on (—1,—4) and (1,0) because f"(x) changes signs at x =—1and x=1.

2. 1‘(x):x+1 -
X 7
f/(x):l_X—Z V
f(x)=2x"° :% :
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f"(x)=0 f"'(x)is not differentiable
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f(x)is
(—o0,0) because f"(x)<0 on that interval.
f (x) is concave upward on (0,0) because f"(x)>0 on that interval.

f (x) has no points of inflection. Note: f (0) is undefined

concave downward on




3) f(x)=sinx—cosx on(0,2x). "

f'(x) = cos x +sin x
f""(x) = —sin X+ Ccos X

f"(x)=0 f"(x)is not differentiable x
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f (x) is concave upward on (O%) and (%,MJ because f''(x)>0 on those intervals.

f (x) is concave downward on (%%ﬂj because f"(x) <0 on that interval.

f (x) has points of inflection at on (%Oj and [ST”OJ because f''(x) changes signs at X :% and x = 577[
2 —

4y f)=X"Lo ok

f'(x)=1+x"?

f(x)=-2x"° :—% 1 5

X 5 1 5
f'(x)=0 f"'(x)is not differentiable
%) x*=0
x=0 7
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f (x) is concave upward on (—,0) because f"(x) >0 on that interval.

f (x) is concave downward on (0,0) because f”(x)<0 on that interval.
f (x) has no points of inflection. Note: f(0) is undefined




5.) f(x)=x”*+4x%

f I(X) — ﬂ X1/3 +ﬂ X72/3
3 3

f H(X) — ﬂ X—2/3 _§ X—5/3 — ﬂ X—5/3 (X . 2) _ 4(X— 2)
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f (x) is concave upward on (—o0,0) and (2,c0) because f”(x)>0 on those intervals.
f (x) is concave downward on (0,2) because f"(x) <0 on that interval.

point of inflection at x=0 and x =2 because f”(x) changes signsat x=0and x=2.

f"(x)=0 f"'(x)is not differentiable \/
4(x—2)=0 9¥x* =0
X=2 x=0
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6.) f(x)=x+31-x)"

f '(X) =1+(1- X)_2/3(—1) =1-(1- X)_z/s
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P00 =300 D=3
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f"(x)=0 f"(x)is not differentiable
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x=1
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f (x) is concave downward on (—o,1)because f"(x) <0 on those intervals.

f (x) is concave upward on (L oo) because f"(x)>0 on that interval.
f (x) has a point of inflection at x =1 because f"(x)changessignsat x=1




7.) f(X)=x—Inx Note that f (x) is only defined for x > 0

f'(x) =1—1
X
14 l
f7(x) = Z
f"(x)=0 f"(x)is not differentiable
%) x> =0
x=0
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f (x) is concave upward on (O,oo) because f"(x) >0 on that interval.
f (x) has no points of inflection.
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8) f(x)=e™
f(x) =3¢

f"(x)=9 > = %
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f"(x)=0 f""(x)is not differentiable
%) ¥ =0
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f (x) is concave upward on (—oo oo) because f''(x) >0 everywhere
f (x) has no points of inflection.




Find all critical numbers and use the Second Derivative Test to classify each as the location of a relative

maximum, relative minimum or neither.
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9.) f(x)=x"+4x>+1 / 10) f(x)=" :
f'(x) = 4x° +8x |
.I: I(X) = O ‘I‘I\I“- /
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4x(x*+2)=0 /
[/

f"(x) =12x*+8

X f(X)

0 12(0)* +8=8
f (x) has a relative minimum at x = 0 because
f'(0)=0and f"(0)=8<0.
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11) f(x)=x*(x+1) 12) f(x)=

13.) f(x)=x%" 14) f(@:%







