5.3 Second Derivative Test

PRACTICE

| Use the sign chart(s) to answers the following.

1. Given g(x) is twice differentiable on [-3, 3]
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X -I<x<-2| =2 -2<x<1 1 l<x<3 X —3:::‘:—5 -3 —E<xﬁ:3
g (x) Negative 0 Positive 0 Negative g"(x) Positive 0 Negative
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Intervals where g(x) is increasing: (‘ 3, |) Intervals where g(x) is concave up: 3.7

Intervals where g(x) is decreasing: (:-'5 ,"3“\ ( [ .JD

¥ = - reletive ralin

Extrema:
x = | relabive &=

There is a relative minimum at x = -2 because
f'(x) changes from negative to positive.

There is a relative maximum at x = 1 because
f'(x) changes from positive to negative.

Intervals where g(x) is concave down: [ - L‘i r 3}

—_

o
f'(x)=0

f''(x) changes positive to negative.

Points of Inflection: X=- !

2. Given f(x) is continuous and twice differentiable.
Interval | x<-1 |[x=-1|-1<x<l |x=1 | 1l<x<22 |x=2 | 2<x<4 |x=4 [|4<x<5 |x=5 x>5
= F ™un
F(x) | positive 0 [\Negative |Negative Negativ;\ 0 [>Negative |Negative Negativ;\" 0 |/ positive
"
f7(x) | Negative {tvegative | Negative. | 0 Positive 0 | Avegative]| 0 \Positive | Positive | Positive s

Intervals where f(x) is increasing: (- @ - I>( Y ’an
Intervals where f(x) is decreasing: (-¢,5 )

Extrema: X =\ relafive paox

xS rel <hive pain
There is a relative maximum at x = -1 because
f'(x) changes from positive to negative.

There is a relative minimum at x = 5 because
f'(x) changes from negative to positive.

Intervals where f(x) is concave up: [|l ):) (4 ) d’)
Intervals where f(x) is concave down: (- -, ]‘] (- tf)
Points of Inflection: X = |

-~ L
£'(x)= 0

f''(x) changes signs

x =
%



f''(x) changes signs from negative to positive

3. Given f(x) is continuous and twice differentiable.
Interval (—0,—2) -2 (-2,3) 3 (3,%)

Test Value x=—-4 x=-2 x=0 x=3 x=4
f(x) F-9=4/] f(-2)=0 NS(O)=-7 f(3)=-3 fl(4)=-4
) (=6 T"(-2)=—4 | T“®H=—7 ['@)=0 § ["®H=8
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Intervals where f(x) is increasing: (- ,~ ’)
Intervals where f(x) is decreasing: (-2, ﬂj

Extrema: X = ~ o relative mer

There is a relative maximum at x = -2 because

Intervals where f(x) is concave up: (3 : "70)
Intervals where f(x) is concave down: (==° :’3)

Points of Inflection: 4 = 3

f'(x) changes from positive to negative.

£'(x)= 0
f"'(x) changes negative to positive

[ Find the points of inflection.
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| Find all points of inflection and relative extrema. Use the Second Derivative Test where applicable.
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f''(x) changes signs from positive to negative

7. h(x) = (2x — 5)?
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f''(x) changes signs from negative to positive

Note: 0 and 27T would be points of inflection if they
weren't the endpoints. Can't be a point of inflection

at endpoint bc you aren't changing concavity!
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| State the intervals of concavity. |
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A particle moves along the x-axis with the position function given below. Find the velocity and acceleration
Use a sign chart to describe the motion of the particle.

1 -
12, x(p) =§t3 —3t2 4+ 8t + 1 wheret > 0

v le)zx(8) = €T -6ExT

L&) = x(0 = 2L

Interval (0,2) 2 (2,3) 3 (3,4) 4 (4, 00)
5 7
Test Value t=1 t=2 t:i t=3 f:i t=4 t=5
G 3 Ty 3 -
Frily=13 Fizy=0 filsl=—-3 | FE3I=-1 flsl=-3 fiidr =10 ffi5i=13
fF(I:' Incrjeusin.g N-:-. I:le.czr:eusing Decreasing Deczr:eusin; N-:u. Incrteusing
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: (2)=-2 : : :
Conclusion ELD:‘::B Mot moving EPﬁpdmg 5:::1@ Mot moving Epelf:lrg
13. x(t) —t—3(t—4]% wheret = 0 ’3;"5
T -3, = “[ﬂ'-f}(i”ﬂ
v Lt\: x. '& - g_
I +d f

0—_

Yo

&

=
— -4
C = (& 0
_ 4 =Y
=t
UEAT
Interval (0,3) 3 (3,4) 4 (4,5) 5 (5, )
7 9
TestValue | t=1 | t=3 t=o | t=4 | t=5 | t=5 | t=6
f=0 f3)=0 f'l:.z\:l =0 |f(4)=DNE f'[E\j <0 f(5)=0 f&) =0
f’ (x) Increasing Mo Dc:.rz-c;asl' MNe I'.‘:lc:.fc;asl' MNe Increasing
right Velocity lef+ " Velocity lef+ " Velocity right
f” (x) Fri<o Fr3) <0 f [;u <0 |f'(4)=DNE | f" [:;} >0 Fl5)=0 F6)=0
COHCIUSion 5::‘::5 Mot moving Sp-e::ll'ng Mot meoving SLT“::Q Mot moving SH:I-HQ




| Given the graph of f'(x), find the points of inflection.
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15.

f'*(-2) changes signs
from negative to positive

f''(0) changes signs
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f'*(-0.5) changes signs
from positive to negative

| —>

from positive to negative| —+—+—*

f''(2) changes signs
from negative to positive
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f''(1.9) changes signs
from negative to positive

concave I G(r ncave l concave

down up

K=-3,-1, A
f''(-2) changes signs
/ from negative to positive

f''(-1) changes signs
from positive fo negative

up
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4 f"'(-2) changes signs
from negative to positive
| \ 4 f''(-1) changes signs
S | . from positive to negative
A 5 - -1 ! ! H 4
- \/ \/ f''(0) changes signs
. 3 from negative to positive
f*'(2) changes signs
from positive to negative  f''(3) changes signs
' T from negative to positive
TEST PREP
MULTIPLE CHOICE
1. B
2. C
3. C
4. E
5. A

f''(2) changes signs
’( from negative to positive

L NOTE: x =3 is NOT a point of inflection

While /"'(x) = 0 indicates it could be,
the function does not change concavity!

FREE RESPONSE 7 points

(a) Solve Wr)|=2em2zZrZ4
r=3128 (or3.127) and r = 3.473

(b) ¥(r) =0 when ¢ = 0.536033, 3.317756

v(1) changes s1gn from negative to positive at time r = 0.536033.
v(r) changes sign from positive to negative at time 7 = 3.317756.

Therefore, the particle changes direction at ime r = 0.536 and
ome r = 3.318 (or3.317).

(€) w(4)=-11475758 < 0, a(4) = v/(4) = -22.295714 < 0

The speed 15 increasing at me ¢ = 4 because velocity and
acceleration have the same s1gn.

[ 1: considers [v(r)] =2

| 1: answer

[E= ]

3. { l:considersv(r) =0
" | 2 : answers with justification

[§)

- conclusion with reason




