Topic 5.3 — Determining an Interval on Which a Function is Increasing or Decreasing
Topic 5.4 — Using the First Derivative Test to Determine Relative (Local) Extrema
Find the intervals where the function is increasing or decreasing. Use a sign chart to organize your analysis.

1) f(x)=x*-3x+2 2) f(x)=x"-8x*+1

f'(x)=3x*-3 f'(x) = 4x® —16x

f'(x)=0 f’(x)isund f'(x)=0 f’(x)isund

3x*-3=0 %) 4x°-16x=0 %)

3(x*-1) =0 AX(x*-4)=0

x=-11 x=-2,0,2
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f (x) is decreasing on (—o,—2] and [0, 2] because
f'(x) <0 on those intervals.

f (x) is increasing on [-2,0]and [2,00) because
f'(x) >0 on those intervals.

f (x) is increasing on (—oo0,—1] and [1,0) because
f'(x) >0 on those intervals.
f (x) is decreasing on [-1,1] because f’(x) <0 on that

interval.
3) f(0)=(x+1)" 4) f(x)=sinx-+cosx on (0,27)
, 2 3 2 f’(x) = cos x —sin x
POO=3(x+1) "= sr F/(x)=0 £(x)isund
f'(x)=0 f'(x)isund cosx—sinx=0 )
%) 33x+1=0 COS X =Sin X
Xx+1=0 x=2, o
(o1 4’4
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f (x) is increasing on O%} and [572.,27Z':| because

f () is decreasing on (—oo,—l] because f'(x) <0 on that 4

interval. f'(x) >0 on those intervals.

f (x) is increasing on [—l,oo) because f'(x)>0 on that o _ (7 Sr ’

interval. f (x) is increasing on Z’T} because f'(x) <0 on

that interval.




Find all critical numbers and use the First Derivative Test to find the points that are a relative maximum or a
relative minimum. You may use a chart or a number line to perform your sign tests.

5) f(x)=x*+4x*-2 6.) f(x)=x>—2x"+2
f'(x) = 4x® +12x° f'(x) = 2x—3x"?
f'(x)=0 f'(x)isund f'(x)=0 f'(x)isund
4x° +12x* =0 %) 2x—-3x"2 =0 x<0
4X2(X—|—3) = O Xl/2 (2Xl/2 _3) - 0 6654y
X:_3, 0 X1/2 :O, 2X1/2 —3:O
x=0, x=g 1
4 (2.25,0.313)
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f (x) has a relative minimum at (-3,—29) because the 5 4 3 2 1 0 1 223 4 5
. : " 4
sign of f'(x) changes from negative to positive at
Xx=-3.

f (x) has a relative minimum at G , %) because the

sign of f'(x) changes from negative to positive at

9
X=—.
4
7) f(x)= X 3 8) f(x)=vx*+3x* Domainis -3<x<o0
1(1i;3); X(3x%)  1-2x3 f’(><)=E(><3+3><2)’”2(~’3><2+6><)=3)(2—+6X
f'(x) = R Aoy 2 24/%% +3x2
) f'(x)=0 f’(x)isund
f'(x)=0 f'(x)isund — -
3x* +6x=0 2Ux¥+3x* =0
1-2x*=0 1+x*)?=0
1 X(x+2)=0  2X*x+3=0
X={3 x=-1 X=-2,0 x=-3,0
Sign of Sign of
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= % (X) has a relative ‘[/ f (x) has a relative
J (0.794,0.529) maximum at [31’ 32 \J b i ‘ ' medmum & (_2, 2)
e C V232 ‘ because the sign of f'(x)
_ because the sign of f'(X) — changes from positive to
fife)-— chandes from positive to f (X) has a relative minimum at live at x— 2
i e ° P (0,0) because the sign of f'(x) negativeat x=2.

negative at x:\/I
2 changes from neg to pos at x =0.




2
9) yz%—lnx Domainis 0 < x <o

10.) y=Inx—x Domainis 0 < x <o

2_ L L 24
f'(X):lx—lzx 2
2 X 02X .
f'(x)=0 f'(x)isund '
x*-2=0 2Xx =0 7
x= 2,2 x = 0(not in domain of T (x))
Sign of
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f (x) has a relative minimum at [\/E,%—In \/Ej

because the sign of f'(x) changes from negative to

positive at x=+/2.

=t 1=12X
X X
f'(x)=0 f'(x)isund \
1-x=0 x = 0(not in domain of f (x))
x=1
Sign of
fix) undefined +0 - - - - - - R

f (x) has a relative maximum at (1,—1) because the
sign of f'(x) changes from positive to negative at
x=1.

5 4 3 2D

sign of f'(x) changes from negative to positive at

x=eY2,

and you shouldn’t worry too much if you did not know it. As far as

f (x) has a relative minimum at (e™*,—e) because the

Note: e1/2is approximately 0.6. This is likely not common knowledge

selecting a test value between 0 and e /2, el would work rather easily.

11)) y=2x*Inx Domainis 0<x<oo 12) _InX Somainis 0< x < o
f’(x):4x-lnx+2x2-£:4x-lnx+2x 1
X =.2x—Inx-2
. X 2x-2xInx
f'(x)=0 f'(x)isund f(x) =X A
S A —_— () 4Ax? X 4%°
4X'|nX+2X:0 XSO f’(X):O .I:!(X)isund
2X(2Inx+1) =0 spv 3
2x—=2xInx=0 4x° =0
2x=0 2Inx+1=0 ) )
L : 2x(1-Inx)=0 x = 0(not in domain of f (x))
x=0 Inx:—z ' 2x=0 Inx=1
X =g V2 L x=0 X=e
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f (x) has a relative maximum at (e, ZLJ because the
e

sign of f'(x) changes from positive to negative at
X=e.




13) y=2xe™”*
f’(x):2-e’X+2x-(—e’x):2e’x(1—x)

f'(x)=0 f'(x)isund

27 (1-x)=0 %)

26°=0 1-x=0

%) x=1
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f (x) has a relative maximum at (l,gj because

e
the sign of f'(x) changes from positive to
negative at x =1.

14.) y=x%"

f'(x)=2x-e7*+x° -(—e’x) =2xe ¥ —x%e™*
f/(x)=0 £'(x)isund

2xe* —x% ¥ =0 %

xe " (2-x)=0

x=0 e*=0 2-x=0

x=0 X=2

f (x) has a relative minimum at (0,0) because the
sign of f’(x) changes from negative to positive at
x=0.

f (x) has a relative maximum at (2, in because the
e

sign of f'(x) changes from positive to negative at
X=2.




