Concavity and the 2nd Derivative Test July 15, 2015

3.4 Concavity & the 2nd Derivate Test

Study 3.4 #1,5,9,...21; 3,27,31,
395, 39, 51,53,63, 75-78

Goals:

1. Understand how the sign of the 2nd derivative of a
function relates to the behavior of the function, re:
concave up or concave down.

2. Determine intervals where a function is concave up
or concave down.

3. Find Inflection Points of a curve.

4. Use the Second Derivative Testto determine
relative extrema.

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Calculus Home Page Problems for 3.4

3.4 Concavity & the 2nd Derivate Test Compare f(x), f'(x), f "(x)
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ConSlder- y =X’=-X Ist Derivative: graph, slope of, relate to y?

2nd derivative: graph, relate to y?
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3.4 Concavity & the 2nd Derivate Test
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Compare f(x), f'(x), f "(x)

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page
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Problems for 3.4

3.4 Concavity & the 2nd Derivate Test

%%x}-l

Graph of function

f(x) =3 x2}1
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Ist Derivative: graph, slope of, relate to y?

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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GCompare f(x), f'(x), f"(x)
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3.4 Concavity & the 2nd Derivate Test
oncavity ¢ snd Dervate 1es Graph of function

1st Derivative: graph, slope of, relate to y?
2 2nd derivative: graph, relate to y?
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ﬂCompare f(x), f'(x), f"(x)

3.4 Concavity & the 2nd Derivate Test Graph of function

Ist Derivative: graph, slope of, relate to y?
2nd derivative: graph, relate to y?

fi(x) =3 x2} 1

LS 6X

Compare f(x), f'(x), f "(x)
a
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3.4 Concavity & the 2nd Derivate Test

How does the 2nd derivative relate to original function?

X=X '(K) = 6x

CcD cu
concave down concave up

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Calculus Home Page Problems for 3.4

3.4 Concavity & the 2nd Derivate Test

What abouty = x3 ?

@

d2 = 1
dx2 ‘ ‘ ‘ ‘ . L0

Change f(X) to x3 ™
a cD cu
concave down concave up
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3.4 Concavity & the 2nd Derivate Test

What abouty = x3 ?

d?y =
dx?

-3

Compare f(x), f '(x), f "(x)
3‘

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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CcD cu
concave down concave up

Problems for 3.4

3.4 Concavity & the 2nd Derivate Test

4.

When d2y < 0 ? 3
dx2

theny is 2]

How does the 2nd derivative relate to original function?

When d2y > 0 ?
dx?2

theny is
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3.4 Concavity & the 2nd Derivate Test
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Similar to previous example.
Even though no relative extrema,
it is still c.u. when x>0

and c.d. when x<0.

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page Problems for 3.4
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3.4 Concavity & the 2nd Derivate Test

Definition of Concavity
Let f be differentiable on an open interval . The
graph of fis:
concave upward on | if f' is increasing on |

concave downward on | j#'f" is decreasing on |

or whenf'' (x) >0 or when ' (x) <0

Class Notes: Prof. G. Battaly, Westchester Community College, NY
; Calculus Home Page Problems for 3.4
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3.4 Concavity & the 2nd Derivate Test

2nd Derivative Test for Relative Extrema G_Step by step: on-line
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3.4 Concavity & the 2nd Derivate Test )
Step by step: on-line

a

‘(-* N Xl-x F. Re| extr, Iderv. fest
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3.4 Concavity & the 2nd Derivate Test

G- \é: XB—X F. Re| extr, lerw Feet

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Calculus Home Page Problems for 3.4
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3.4 Concavity & the 2nd Derivate Test

Example: G: h(x)=¥-5x+2
F: open interval where c.u. and c.d.
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3.4 Concavity & the 2nd Derivate Test |+ "‘ + 2
Example: G: h(x)=¥-5x+2
F: open interval where c.u. and c.d.

h'd) = Sy ¢ §(x7-/)=§(x2+/§(x"/)

r@’.f_xﬂ' CNIyx=%|
W< o - R (1) Ak
() >0 e (1)t
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Problems for 3.4
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fx) = x575Ix+2

o\w] 2 3
-2

3.4 Concavity & the 2nd Derivate Test
Definition of Point of Inflection

Let fbe a function that is continuous on an open interval
and let ¢ be a point in the interval. If the graph of thas a
tangent lineat this point(c,f{c)), then this point is apoint
of inflection of the graph of /if the concavity of f changes
from upward to downward (or downward to upward) at
the point.

Inflection Point at c

1. fcontinuous

2. fhas a tangent line

3. concavity changes
(f" changes sign)

If (¢,f(c)) is a point of inflection of the graph of f, then
either f"'(c) = 0 or f"'(c) does not exist at x =c.

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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3.4 Concavity & the 2nd Derivate Test

Theorum: Points of Inflection

If (c,f(c)) is a point of inflection of the graph off,
then either:

f"(c)=0 or f" doesnotexistatx =c

haw?

Consider: Y =X3 and y=X?3
has IP no IP

Class Notes: Prof. G. Battaly, Westchester Community College, NY
; Calculus Home Page Problems for 3.4
(= I

Change f(x) to x*(1/3)
a

3.4 Concavity & the 2nd Derivate Test

Theorum: Points of Inflection ;z’
If (¢,f{c)) is a point of inflection of the graph off, - X
then either: ‘7
-,
. |
f"()=0 or f" doesnotexistatx =c & - ~\
o ?

y = X1/3

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page Problems for 3.4
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l’loW? &" _’ix"b'-/)

Consider: ) 7 X

(8,9 (< %ﬁp >0 od

IS IP x>0, &"1,140['&-

© G. Battaly 2015

10


http://www.battaly.com/calc/geogebra/derivative_rules/
http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/hw/ch3s4a.htm
http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/hw/ch3s4a.htm

Concavity and the 2nd Derivative Test

© G. Battaly 2015

3.4 Concavity & the 2nd Derivate Test

Example: G: f(x)=2x-3x2-12x+5
F: 1P

Compare f(x), f'(x), f"(x)
""

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page Problems for 3.4
& . 1

3.4 Concavity & the 2nd Derivate Test
Example: G: f(x)=2x-3x2-12x +5
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Example: G f(x) =2x - 3x2 - 12x +5 @
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