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Lfix)=x>—6x+8
Increasing on: (3, oo)

Decreasing on: (—oo, 3)

3
3.y=%—3x

Increasing on: (—oo, —2), (2, o)

Decreasing on: (—2,2)

1
5. f(x) = o)
Increasing on: (—oo, 0)

Decreasing on: (0, co)

7. flX) = -2+ 4x + 3
fl)=—-4x+4=0

Increasing and Decreasing Functions and the First Derivative Test

2.y=—-(x+1)2
Increasing on: (—oco, —1)

Decreasing on: (—1, co)

4. flx) = x4 — 222
Increasing on: (—1,0), (1, co)

Decreasing on: (—oo, —1), (0, 1)

Increasing on: (—oo, —2), (0, o)

Decreasing on: (—2, —1),(—1,0)

8 f(x) =2+ 8x + 10
S =2x+8=0

Critical number: x = 1 Critical number; x = —4
Test intervals: —o < x <1 <% & go Test intervals: —o<x< 4|4 <x <o
Sign of f(x): />0 f<0 Sign of f/(x): <D >0
Conclusion: Increasing Decreasing Conclusion: Decreasing Increasing

Increasing on: (—oo, 1) Increasing on: (—4, co)

Decreasing on: (1, co) Decreasing on: (—oo, —4)

Relative maximum: (1, 5) Relative minimum: (—4, —6)

9. flx) =x* — 6x

f@)=2%-6=0

Critical number: x = 3
Test intervals: ~ee X <3 3<x<oo
Sign of f(x): <o f>0
Conclusion: Decreasing Increasing

Increasing on: (3, oo)
Decreasing on: (—o0,3)

Relative minimum: (3, —9)
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10. f(x) = (x — 12x + 2)

) =x=—12)+x+2)Qx—-1)=@x-Da-1)+26+2]=3x—-Dx+1)=0

Critical numbers: x = —1,1
Test intervals: | —oo < x < —1 -l<x< l<x<oo
Sign of f"(x): s 0 =<l i)
Conclusion: Increasing Decreasing Increasing

Increasing on: (—oo, —1), (1, o)

Decreasing on: (—1, 1)

Relative maximum: (—1,4)

Relative minimum: (1, 0)

11. f(x) = 203 + 322 — 12x

flx)=6x2+6x—12=6(x+2)x—1)=0

Critical numbers: x = —2, 1
Test intervals: =R =2 =2 £x < ¥ &< oo
Sign of f'(x): =0 ff<0 >0
Conclusion: Increasing Decreasing Increasing

12.

Increasing on: (—oe, —2), (1, co)

Decreasing on: (—2,1)

Relative maximum:

Relative minimum:

f) =@—3p

(—2,20)
€—=7)

£ =3(x—32=0

Critical number: x = 3

Test intervals; | —oo < x < 3 =320 60
Sign of f(x): >0 750
Conclusion: Increasing Increasing

Increasing on: (—oo, co)

No relative extrema
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x5 — 5x
13. f¥) ==
f@=x-1
Critical numbers: x = —1,1
Test intervals: =g &k =] =12 x| ] =x <00
Sign of f(x): >0 f <0 ff>0
Conclusion: Increasing Decreasing Increasing

Increasing on: (—oo, —1), (1, o)
Decreasing on: (—1, 1)
Relative maximum: (—l,%)

Relative minimum: [l, —%)

14. f(x) =x* —32x + 4 15. f(x) = xM/3 + 1

fix) = 43 — 32 = 4(x* - 8) 1

) _1_ -
) =5 =555

Critical number: x = 2
Critical number: x = 0

Test intervals: =g X g2 2<x<oo

Sign of f(x): <0 >0 Test intervals: —co<x < 0<x<oo

Conclusion: Decreasing Increasing Sign of fx): f >0 f'a
Conclusion: Increasing Increasing

Increasing on: (2, c0)

Increasing on: (— oo, c0)
Decreasing on: (—oo,2)

. . No relative extrema
Relative minimum: (2, —44)

16. f(x) = 2/3(x — 5) = »°/3 — 52/
fllx) = 3523 = Rx=173 = 35-1/3(x — 2)

Critical numbers: x = 0, 2

Testintervals: | —co < x <0 |0<x<2 | 2<x<oo
Sign of f'(x): >0 <0 >0
Conclusion: Increasing Decreasing Increasing

Increasing on: (—oo, 0), (2, c0)
Decreasing on: (0, 2)
Relative maximum: (0, 0)

Relative minimum: (2, =3 i/‘_l)
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17.

19.

20.

&) =5—|x—5|

18. f(x) = |x + 3| — 1

5= l, .&x%3 x+3 [1. x> —3

fx — -_ "(x = —
) lx — 5] [-1.x>5 £&) lx+3] (-1, x< -3
Critical number: x = 5 Critical number: x = —3

Test intervals: | —co < x < 5 S<x< oo Testintervals: | —co<x < —3 | -3 <x < oo

Sign of f'(x): f>0 [ <0 Sign of f'(x): <0 >0

Conclusion: Increasing Decreasing Conclusion: Decreasing Increasing
Increasing on: (—oo0, 5) Increasing on: (—3, c0)
Decreasing on: (5, co) Decreasing on: (—oo, —3)
Relative maximum: (5, 5) Relative minimum: (—3, —1)

X

f&) =75

g = =920 — (6)(2x) _ —18
R - oy
Critical number: x = 0
Discontinuities: x = —3,3

Test intervals: —co <x< —3 =32 2 <10 0<x<3- J<x<oo

Sign of f{x): >0 >0 =<0 <o

Conclusion: Increasing Increasing Decreasing Decreasing
Increasing on: (—oo, —3),(—3,0)
Decreasing on: (0, 3), (3, o0)
Relative maximum: (0, 0)

3 1 3
= = — 4+ —

fR)=——F—=-+3

, 1 6 —(x+6)
M =—g=-5=—p
Critical number: x = —6
Discontinuity: x = 0

Test intervals: | —co < x < —6 —6<x<0 0<x<eoo

Sign of f(x): <0 £ =0 f<0

Conclusion: Decreasing Increasing Decreasing

Increasing on: (—6,0)

Decreasing on: (—o0, —6), (0, o0)

1
Relative minimum: (— 6, —a)
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2l fx) =x* — 622 + 15
) =32 —12x=3x(x —4) =0

22,

Critical numbers: x = 0, 4

-5

16

N T

[\

~20

Testintervals: | —oo < x < 0 O<x<4 4<x<o0
Sign of f(x): >0 f<0 >0
Conclusion: Increasing Decreasing Increasing
Increasing on: (—o0, 0), (4, o0)
Decreasing on: (0, 4)
Relative maximum: (0, 15)
Relative minimum: (4, —17)
1) == 2
f) =48 —622=2%2x - 3) =0
-2
Crititcal numbers: x = 0,3
Test intervals: | —co < x < 0 O<x<? J<x<oo
Sign of f(x): <0 ff<o0 >0
Conclusion: Decreasing Decreasing Increasing

Decreasing on: (— oo, %)

Increasing on: (%, oo)

Relative minimum:

S0 = (1

F O —

Ao =13

&%

4

-3

e Tl

(1,0)
Critical number: x = 1
-2
Test intervals: =0 o] l<x<oo
Sign of f/(x): F=l i)
Conclusion: Decreasing Increasing

Increasing on: (1, co)

Decreasing on: (—oo, 1)

Relative minimum:

(1,0

24 fx) = (-1

1
f'{x]=3(x—_7)—5,—3

~
7

-2

Critical number: il

x=1 A
Test intervals: —co<x<1 l <x< o0
Sign of f(x): >0 >0
Conclusion: Increasing Increasing

Increasing on: (—oco, co)

No relative extrema
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25, () =x+— ’
x V/
y I == (.2
Flogr=1- 2 2 1T oD
Critical numbers: x = —1,1 /..\

Discontinuity: x = 0

Test intervals: —goig g =1 —lgxe | 0gx<gl I x5 00
Sign of f(x): >0 <0 <0 ff>0
Conclusion: Increasing Decreasing Decreasing Increasing

Increasing on: (—oo, —1), (1, o0)

Decreasing on: (—1,0), (0, 1)

Relative maximum; (—1, —2)

Relative minimum: (1, 2)

26. f(x) =

x+1
vy DO =G 1
fO=""0G5 Grp
Discontinuity: x = —1

Test intervals:

=00 €ix §:—1

-1l <x< oo

Sign of f'(x):

>0

>0

Conclusion:

Increasing

Increasing

Increasing on: (—o0, —1),(—1, o0)

No relative extrema

2=2x +1
27. flx) = S
gt D= -0 -2+ NI _A+2%-3 (et 1)
@+ 1P E+1p (e + 1)

Critical numbers; x = —3, 1

Discontinuity: x = — 1
Test intervals: “go<x <=3 |31 | =lxgxgl |l <x< 60
Sign of f'(x): Fs) f <0 <0 f/>0
Conclusion: Increasing Decreasing Decreasing Increasing

Increasing on: (—oo, —3), (1, 00) .

Decreasing on: (—3,

=1),(=1; 1)

Relative maximum: (—3, —8)

Relative minimum: (1, 0)

(=3,-8)

-20

(1,0
PR
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28.

29.

x*=3x—4
fo) = =5
) = {x —2)(2x — 3) — (2 — 3x — 4)(1) _ 2 —4x+ 10
8 c—2p (x -2
Discontinuity: x = 2
Test intervals: —goue ¥ < 2 2 <x <o
Sign of f/(x): >0 7 50
Conclusion: Increasing Increasing
Increasing on: (—oo, 2), (2, o0)
No relative extrema
fx) =3'2—-+ cosx,0 < x < 27
) = % — sinx = 0
flx) = 3 inx =
Critical numbers: x = & I
e o 6, 6
Test intervals: 0<\'<E E<Jc<5—lJT 5—w<x<2
' *<% 6 6 6 o
Sign of f"(x): 1450 F&n ff>0
Conclusion: Increasing Decreasing Increasing

Increasing on: (0,

Decreasing on: (

Relative minimum:

w

a\ (5w
2) ()
_é'f_f)

6" 6

. . T T+ 6\/3
Relative maximum: | —, ————

6° 12

5w 5m—6/3
6> 12

)

-4

/

-4

628
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30. f(x) = sinxcosx-——-;—sin?.x.{) <x<27

fx)=cos2x=10

=  _m3msm iy
Critical numbers: x = —, 44 4
Test intervals: 0<x<— 2 < (3_7r 3—ﬂ<x<5—w 5—E< (?_11- ?—Ek <2
n ' | 4 4 4 ~*S 4 g ~F< T
Sign of f'(x): >0 f0 >0 <0 5 0
Conclusion: Increasing Decreasing Increasing Decreasing Increasing
(o7 (3 57 (=
Increasing on: (0, 4), ( a4 )( 2 247) 1
Decreasing on: ( 31) (S—ﬂ- ?_w) e /‘\ 5.2t
e \p 2 \a s VOV
; oo (1) (S ] -
Relative maxima: (4, 2)( 2 2)
pm— T
elative minima: |7~ =7 L5 3
31. f(x) =sin’x +sinx, 0 < x < 27
fi(x) = 2sinxcosx + cosx = cosx(2sinx + 1) =0
" =@ 1w 3w 1w
Critical numbers: x = 6" 2" 6
Test intervals: 0<x<1—r £<xc7—w ‘j’—'ﬂ-<,\c~:3—‘JT §E< <I—IE ”—”4x<2
‘ : 2 | 2 6 6 2 2 “*% 7% 6 x
Sign of f(x): >0 ff<0 >0 =i Fo=0
Conclusion: Increasing Decreasing Increasing Decreasing Increasing

25

Decreasing on: (E 7—“)
gom 2% /)

. (1 1 -05
Relative minima: ( 6 4),

Relative maxima: (g, 2),
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43. f(x) = cis constant = f’(x) = 0

PR f’ X
& 2 h TR
4
> 0, X < 4= fis increasing on (—co, 4).
49. f'(x) = {undefined, x =4

20 x > 4 = fis decreasing on (4, co).

Two possibilities for f(x) are given below.

44. f(x) is a line of slope = 1 = f/(x) = 1.

48. fhas positive slope

v
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3t
54. C = m,! 20
@ ol os | 1 |1s | 2 [ 257 3
C() | 0] 0.055]| 0107 | 0.148 | 0.171 | 0.176 | 0.167
The concentration seems greater near t = 2.5 hours.
N oA (27 4 23)(3) = (30)(312)
() oz @ = @7 + PF
_ 327 - 213)
(27 + 13)2
g E C’ = 0 whent = 3/3/2 ~ 2.38 hours.

The concentration is greatest when ¢ = 2.38 hours. By the First Derivative Test, this is a maximum.

55. v="kR — r)r? = k(R? - 1)
v’ = k(2Rr — 3r%)
=kr(2R - 3r) =0
r=_0or %R

’ 2
Maximum when r = 5R.

2
56. P =244x — ﬁﬁ ~5000,0 < x < 35,000 Testintervals: | 0 < x < 24,400 | 24,400 < x < 35,000
’ Sign of P": P'>0 P <0
e = X o
Bh=t 10,000 9
x = 24,400

Increasing when 0 < x < 24,400 hamburgers.

Decreasing when 24,400 < x < 35,000 hamburgers.

vR R

57. P= (R_-f-l_i%_)i v and R, are constant 58. R = /0.001T* — 4T + 100
1 2
0.00473 — 4
.ffﬁ = (ﬂl_+ RZ}Z(VRI) = "Rle[z[R1 + R,)(l)] (a) R" = = =0
& ® + Ry 2./0.001T% — 4T + 100

T =10° R = 8.3666()
= M =0=R,= Rl
(R, + R)? - (b) 125

Maximum when R, = R,.

-25

The minimum resistance is approximately
R=38370atT = 10°



