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WS 5.4: Concavity & 2™ Deriv Test
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Worksheet 5.4—Concavity and the Second Derivative Test

Show all work. No calculator unless otherwise stated.
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3. The x-coordinates of the points of inflection of the graph of

C

Page 1 of 6

(A) There is a local max at the origin
(C) There is no local extremum at the origin

(A) 0 only

1. If a <0, the graph ofy=ax3 +3x% +4x +5 is concave up on
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= f" (0) O‘ which of the following must be true about the graph of /?

(B) There is a local min at the origin
(D) There is a point of inflection at the origin

(E) There is a horizontal tangent at the origin
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Calculus Maximus WS 5.4: Concavity & 2™ Deriv Test

4. Which of the following conditions would enable you to conclude that the graph of fhas a point of
inflection at x =c¢? A/M[ Means ,F i a !L/V at Y=¢ mrl— an M.

(A) There is a local max of ' at x =¢ B) 1 ”(c) 0 ©yf "( ) does not exist
(D) The sign of f' changes at x = ¢ (E) fis a cubic polynomial and ¢ =0
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5. Let fbe a twice-differentiable function on (-0, ) such that the equation f (x) =0 has exactly 3 real ‘5‘"‘
roots, all distinct. Consider the following possibilities: £ Prx) £
L. the equation f'(x)=0_has at most 3 distinct roo _2
) ho moerg fhan > horiz. ‘)1‘ | 2z 3
II. the equation f ”(x) 0 has at least 1 root.
Which of these properties will fhave? 5 c.i/.;, | bv L7
(A)Ionly (B)Ilonly (C)landIl (D) neither I nor II 5 erikl @!
Va {\/'e
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F 6. Iffis a continuous function on (—5,3) whose graph is

given at right, which of the following properties are
satisfied?  ncae v lo

L f”(xf/>0 on (-2, ) Fnie CCiownvn(“)

II. f'has exactly 2 local extrema y True [in Q(’J
III. f'has exactly 4 critical pomts Trwe . 3n Green
/
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Calculus Maximus WS 5.4: Concavity & 2™ Deriv Test

Free Response

7. The figure above shows the graph of 1, the derivative of the function /', for =7 < x < 7. The graph of
/" has horizontal tangent lines at x = -3, x =2, and x =5, and a vertical tangent line at x = 3.

(a) Find all the values of x, for -7 < x < 7, at which fattains a relative minimum. Justify your answer.

_o &t X=-5-1,5
|
/F l'— g «t X3 %{,‘ ha$ = el e min at Xx=-1,Since f(x) éfnd’ﬂes Lrom
hey +H ]ns & x= -l

(b) Find all the values of x, for -7 < x < 7, at which fattains a relative maximum. Justify your answer.
’F]—/O ~+ X;—S; B //5
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pes o neq aF X=-5

(c) Find all the values of x, for =7 < x <7, at which f”(x) <0.
f|‘<z> whan Hhe Slopes of f’@
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when Hhe graoh oF f' i decreasin
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(d) At what value of x, for =7 < x < 7, does f attain its absolute maximum? Justify your answer.
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Calculus Maximus WS 5.4: Concavity & 2™ Deriv Test

8. Let & be a function defined for all x = 0 such that h(4) = -3 and the derivative of 4 is given by

h’(x)=x —Z Vx=0.
X
(a) Find all values of x for which the graph of % has a horizontal tangent, and determine whether /4 has a
local maximum, a local minimum, or neither at each of these values. Justify your answers.
K=o h'6) =PE ) e I
2t_2 o ~0 ;
:_-;)’—E/)(:J—Z A/Q:f‘d‘c""'

=1 iS o diston . )
Hor . doms. ‘;ﬂ /;o;:s;n-ﬂwdmﬂr Xh hes rilarive pininums of x = - [2andx= {2 since

' chmg@s From negrbine o gosibiie ot botty X= -(2 aud X212
(b) On what intervals, if any, is the graph of / concave up? Justify your answer.
A’: X -7
x

I — (- .
R W~

\
o 26-x*+2 @( -9, 0) (2, QO),&

h”: %} >0 o Ly no inbloction Valres
¢) Write an equation for the tangent to the graph of 2 at x = 4.
h()=E3)
V- 4 =&
h( 4) L/—r - @
2
ﬁi" &'—’ -+ ﬁ/X /5&)
S e~
(d) Does the line tangent to the graph of / at x = 4 lie above or below the graph of 4 for x > 4? Why?

Since hi) is concawe wp firdll x£o,
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Beloc .

9. A cubic polynomial function fis defined by f(x)=4x> +ax” +bx + k, where a, b, and k are constants.
The function f'has a local minimum at x = —1, and the graph of fhas a point of inflection at x = -2.

possilole Fn- Jnes

??clithe values of ¢ and b. /r‘()z)'—/2)424'24!4 4,15} F”/'X) =Z§/)< 47 a
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2az42
a= 2%\
Qa—b=12
Becomes 2[2‘f> -b=12

b= iibi—’/z
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10. For each of the following, i) find the open intervals on which fis increasing or decreasing, ii) find the
local max and min values of f, and iii) find the intervals of concavity and inflection points. P
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11. Find the local max and min Values of f (x) = x ++/1 — x using both the First and Second Derivative
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Tests. Which method do you prefer?
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Calculus Maximus WS 5.4: Concavity & 2™ Deriv Test

12. Sketch the graph of a function that satisfies all of the following conditions.
(@) f'(x)>0forall x=1,VAatx=1, f"(x)>0if x<lorx>3,and f"(x)<0if l<x<3.

() f'(x)>0if|x| <2, f'(x)<0if |x]>2, /'(2)=0, lim /() =1, f(=x)==f(x), f"(x)<0if
0O<x<3,and f"(x)>0if x>3

13. Coffee is being poured into Mr. Korpi’s mug (shown below) at a constant rate (measured in volume per
unit of time). Sketch a rough graph of the depth of the coffee in the mug as a function of time.
Account for the shape of the graph in terms of concavity. What is the significance of the inflection

point?
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