AP CALCULUS
THE FIRST DERIVATIVE TEST FOR RELATIVE EXTREMA

1. fisincreasing on (—4.250,1) U (3, 00).
f is decreasing on (—oo, —4.250) U (1, 3).
f has a relative maximum at z = 1.
f has a relative minimum of at x = —4.250 and « = 3.

2. fl(z)=—-1-2x

Critical numbers:
fava.

1
f'(x) =0whenz = —5

Analysis:
L 1
f'(z) > 0on (—oo7 —2> .. f is increasing on (—oo, —2),
1
f'(z) <0on (—3,00) .. fis decreasing on —5 )
’ 1 . . 1 81 1
Since f'(x) > 0on | —oco, —= | and f'(x) < 0 on —5® f has a relative maximum of f -3 7Zatx__§'

3. fl(z) =322 +1

Critical numbers:
f'ava.
f'(x) #0

.".1no critical numbers.

Analysis:

Since f'(x) > 0V z f is always increasing and has no extrema.
4, f'(r) = 4o — 423

Critical numbers:

F'3Va.
f'(r) =0whendx(l —2?) =0 —x=0o0rx = lorz = —1.

Analysis:
f'(x) > 0on(—oc0,—1)U(0,1) ... fisincreasing on (—o0,—1)U(0,1)
f'(z) <0on(—=1,0) U (1,00) .. f is decreasing on (—1,0) U (1, 00).

f'(z) >00n (—o0,—1) and f'(z) < 0on (—1,0) .. f has arelative maximum of f(—1) =1latx = —1.
f'(z) <0on(—1,0)and f'(x) > 0on (0,1) .. f has a relative minimum of f(0) =0 atz = 0.
f'(x) >00n(0,1) and f'(x) < Oon (1,00) ... f has a relative maximum of f(1) =1 atz = 1.



5. f(z) = 2%(x — 4)%(Tx — 12)

Critical numbers:
favae.
12

f’(z):Owhenx2(a:—4)3(7z—12):O—>x:00r:p:4orm:7.

You may want to use a chart on this problem. Remember ...the chart is data for you to use. You cannot refer to it
in your answer.

Analysis:
12 12
f'(z) > 0o0n (—o0,0)U (0, 7> U (4,00) .. fisincreasing on (—oc0,0) U (O, 7> U (4, 00).
12 12
f'(z) <0on (7,4> .. [ is decreasing on (7,4 .
12 12 12 12
f'(z) >0on (0, 7) and f'(z) < Oon (7,4> .. f has a relative maximum of f (7) =137.51latx = =
12
f'(x) <0Oon <7,4) and f’(x) > Oon (4,00) .. fhas arelative minimum of f(4) = Oatz = 4.
6x +1
6. f(x) = 2
Critical numbers:
f'Patz = 0.

1
f'(z) = O0whenx = 5

You may want to use a chart on this problem. Remember ...the chart is data for you to use. You cannot refer to it
in your answer.
Analysis:
1 1
f'(z) >0on (—6,0 U (0,00) .. fisincreasing on (—6,0) U (0, 00).
1 . . 1
f'(z) <0on | —oo, —5) " f is decreasing on | —oo, 5 )

1 1 1 1
f'(z) < 0Oon (oo, > and f'(z) > Oon <6,0> .. fhas a relative minimum of f (6) = —.582atx = 5

6
3z — 42
R W

Note: The domain of f is [0, 1] so any chart you may use must begin at x = 0 and end at x = 1.

Critical numbers:
f/3AVain(0,1).

f’(:z:):Owhen3z74x2:OHx:00r:p:%

Analysis:
f'(z) >0on <O,

e~ W
S~

— f is increasing on (O

>~ w
e~ w

f'(z) <0Oon (, ) —  f is decreasing on (

> w
—
N~

f'(x) > 0on (O, i) and f'(z) < Oon <i, 1> — [ has a relative maximum 0f31—\/6§ atr = Z



8. f'(x)=1—2cosx
Critical numbers:
f'3IVaxin|0,27].
51

f'(z) =0when2cosz =1 — x:gorx: 3

Analysis:

o 5
f'(x)>0on (g,;) — fis increasing on (;;)
o

f'(xz) < 0on (O,%) ( 3 27r> — fis decreasing on (0, g) <5;r 27r>

f'(z) <Oon (0’ g) and f'(z) > Oon (g, 5;) — f has a relative minimum of7r_T3\/g atz = .
f'(x) > Oon <§» 5;) and f'(z) < Oon (5;, 277) — f has a relative maximum ofw atx

9. f'(z) =322 + 4z — 1

Critical numbers:

fava.

f'(x) = O0whenz = _2—§ﬁ0rm: _2g\ﬁ.

Analysis:

f'(x) > 0on (—oo, _2;\ﬁ> U <_2§\ﬁ,oo> — fis increasing on (—oo, _Q%ﬁ
f'(z) <0Oon <_2 ; \ﬁ, _2;—\ﬁ> — fis decreasing on <_2 ; \ﬁ7 _2—;ﬁ>.

10. f'(z) = 62° + 192

Critical numbers:
fava.
f'(r) =0when6z® +192 =0 — 2 = —2.

Analysis:
f'(z) < 0on(—o00,—2) — fis decreasing on (—oo, —2).
f'(z) > 0on (-2, oo) — fis increasing on (—2, 00).

11. f'(z) =xe” +e

Critical numbers:
F3ava.
f'(x) = Otextrmwhene®(x+1) =0 — = = —1.

Analysis:
f'(z) < 0on (—oo0,—1) — fisdecreasing on (—oo, —1).
f'(x) > 00n (—1,00) — fisincreasing on (—1,00).
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12.

13.

14.

15.

16.

_2- Inx
2v 3
Critical numbers:

f' Fatx = 0. (Zero is not in the domain of f so it is not a critical number but we will include it in our analysis.
f'(r) =0when2 —Inz =0 — x = €2

f'(x)

Analysis:
f'(z) > 0on (0,e?) — fisincreasing on (0, e?).
f'(z) <0on (e?,00) — fis decreasing on (€2, 0).

(@) —14+2y1—=x
r)= ———

21 —x
Critical numbers:
fAatx =1

f()=0when —14+2y/1-2=0— 2= %
This critical number is in [0, 1].

Analysis:

Since f is continuous on [0, 1] and has only one critical number in [0, 1], by the Extreme Value Theorem f has an absolute
maximum of 2 at z = 2 and an absolute minimum of 1 at z = 0 (or z = 1).

f has no other extrema. (The relative maximum which occurs at z = % is an absolute maximum and so is not listed as a
relative extrema.

, 1— 22
g (gj) - ($2+1)2
Critical numbers:
g’ IV since 22 + 1 # 0
g(x)=0whenz?—-1=0 —wz=1lorx=-1
Both critical numbers are in [—5, 5]

Analysis:
Since g is continuous on [—5, 5], g has an absolute minimum of —% at z = —1 and an absolute maximum of % atz = 1.

Your graph should be increasing and concave down on (—oo, 1) and decreasing on (1, 0o). It should have a "stepdown”
at the point (4, 2). It should also be concave down on the interval (4, oo) and there should be an inflection point between
r=1andz =4.

Your graph should have a vertical asymptote at x = 3. Before x = 3 your graph should be decreasing and concave down.
The graph should be increasing on (3, 5), decreasing on (5, co) with a relative maximum at x = 5.



