ite minimum

No local or

—>
t

Absolute minimum

wm. No absolute

s
3

or local extreme

%<0

3.
32.

3.

34.

35.

36.

31

38.

39,

4.

L7
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2 = SRt
flz)=52" +4z = f(z)=10z+4. f'(z)=0 = z=—2 s0—2 isthe only critical number.

f@)=2*+s>-2z = f(2)=322+2x-1. fllx)=0 = (z+1)(Bz—-1)=0 = z=-1,3.
These are the only critical numbers.
fl@)=2"+32% - 24z = f'(z) =32% + 60— 24 =3(a® +2z - 8).
f(#)=0 = 3(z+4)(z—2)=0 = z = —4,2. These are the only critical numbers.
f@)=2*+2’+z = fl(&)=3+2c+1 f(z)=0 = 32°+2c+1=0 =
iy d
— 2—6——2 Neither of these is a real number. Thus, there are no critical numbers.
s(t) =3t +4t° — 6> = () =122+1262—12t. 5'(t) =0 = 12t(t*+t—-1) = ¢t=0o0r
t* +t — 1 = 0. Using the quadratic formula to solve the latter equation gives us
—1+4/12 —4(1)(-1 -1 Sdiber
fF— ] = + V5 ~ 0.618, —1.618. The three critical numbers are 0, —\/5
2(1) 2 2
2
z+1 Z2+z+1)1—(24+1)(22+1) — i
f(z):2—-—— = f’(z):( ) = = g 2:0 =
R (22 +z2+1) (22 +z+1)
2(2+2)=0 = z=0,—2 are the critical numbers. (Note that 2> + z + 1 # 0 since the discriminant < 0.)
2c+3  if22+3>0 : 2 ifz>-3
g(z) =2z + 3| = : = g(z)= : i
—(2x+3) if 2z+3<0 —2f i< —=
g'(z) is never 0, but g'() does not exist for z = —2, so —3 is the only critical number.
Seohiii -2/3 — 1.,.-2/3,,.2.-5/3 _ 1.-5/3 _z+2
9(z) =2/ —272% = g'(z) = 3273 + 2275/ = s /($+2)_W'

g'(=2) = 0and ¢’(0) does not exist, but 0 is not in the domain of g, so the only critical number is —2.
g(t) = 56> + 5% = g'(t) = L4713 1 342/3 ¢/(0) does not exist, so £ = 0 is a critical number.
gt)=32t"32+t)=0 < t=—2s0t=—2isalso acritical number.

1 : ; v
W) =vE(L—t) =tY2 32 o ()= — — 3V/t.  ¢'(0) does not exist, so t = 0 is a critical number.

sk
A

0=g'(t) = = t=1 sot=1isalso a critical number.
g ( ) 2\/z 3 3

=%z —4)? =

F'(z) = ,2(1_4)_._@_4)2 z %wﬂ/s > %
(z—4)(14x —16)  2(z —4)(7z —8) 5 : ;

= Bipl/D = 5175 = 0 when z = 4, 2; and F"(0) does not exist.

Critical numbers are 0, £, 4.

Gz)=Vs2—z = G@)=31(z"-12) "% (22— 1). G'(x) does not exist when 2% — z = 0, that is,

whenz =0o0rl. G'(z) =0 & 2z—-1=0 < :c:%.Sothecriticalnumbersare:r:0,%,1.

ez —4)[5-2-24 (x —4)-4]

T

. f(0) = 2cos0 +sin®0 = f'(§) = —2sinf + 2sinfcosh. f'(f) =0 = 2sinf(cosf—1)=0 =

sinff =0orcosf@ =1 = 6 = nm(naninteger) or § = 2nm. The solutions # = nr include the solutions
0 = 2n, so the critical numbers are § = n.

g(0) =49 —tanf = g¢'(0) =4—sec?’d. g(@) =0 = sec’0=4 = secH=42 =
cosf=+35 = 60=7%+2nm 5T + 2nm, 2 + 2nm, and 4E + 2n7 are critical numbers.

Note: The values of 6 that make g’ (#) undefined are not in the domain of g.




—*—,

216 O CHAPTER4 APPLICATIONS OF DIFFERENTIATION

45, f(x) =3z° — 12z +5, [0,3. f'(z)=6z—12= 0 & =z =2 Applying the Closed Interval Method, we 56. f(x) =2
find that £(0) = 5, f(2) = —7,and £(3) = —4. So f(0) =5 is the absolute maximum value and f(2) = —T7 is the f(—m) ="
absolute minimum value.

fm=m

8. f(z) =«* — 3z +1, [0,3]. fl(z)=32>-3=0 ¢ =z=:=lbut —1isnotin[0,3]. f(0) =1, f(1) =-1, uds 2F S8

and f(3) = 19. So f(3) = 19is the absolute maximum value and f(1) = —1 is the absolute minimum value. 57. f(x) 4
S =

41. f(z) = 22° —3¢° — 12z + 1, [22:3]. . f'(g) = 6uf - Gu—12= 6(z* —x —2) =6(z— 2)(x+1)=0 & Pley =l
z=2,-1. f(-2)=-3, f(-1) =8, f(2) = —19, and f(3) = —8. So f(—1) =8is the absolute maximum 3
value and f(2) = —19 is the absolute minimum value.

At the end

88. f(z) = «° — 62° + 9z +2, (214, Fz)=3"=12240= 3(z? —4z +3) =3(z — DNx—-3)=0 & a

L e
z=1,3. f(-1)=-14, f(1) =6, f(3) =2, and f(4) =6.S0 f(1) = f(4) = 6 is the absolute maximum a+1
value and f(—1) = —14 is the absolute minimum value. f< A

. a+b
89. f(z) = «* —22% +3, [-2,3]. fi(@)= Ag® — 4z = 4x(2® — 1) = dz(z + Nxz-1)=0 & z=-1 0, 1. :
-2 = 1T Fr=4 £(0) =3, f(1) =2, f(3) = 66. So f(3) = 66 is the absolute maximum value and So f(——j
a
f(£1) = 2 is the absolute minimum value.
58.

50, f(z) = (> —1)% [-1,2. f'(e)=3(" - 1)*(2z) = 6z(z +1)* (= - 12 =0 & z=-10,1
f(£1) =0, f(0) = —1,and £(2) = 27. So f(2) = 27 is the absolute maximum value and f(0) = —1is the
absolute minimum value. 3

2 ,
i e+ 1) — z(2x) 1o - :

O Haye - 02 flel="—Taridt . ¥ ity -0 & z==1,but—1lisnotin][0,2].
fam =2, 0 fle= e P 0.2
f(0)=0, f(1) = 3. f(2) = 2,80 f(1) = 1 is the absolute maximum value and f(0) = 0 is the absolute -
minimum value. o5

2 —4 (x® +4)(2z) — (x? — 4)(2z) 16z

52. f(z) = . [—4,4]. oy AR i I Bea bt =i (6 K
f(x4) =2 = 2 and f(0) = —1.So0 f(44) = £ is the absolute maximum value and f(0) = —1 is the absolute
minimum value.

53. f(t) = tvV4—t% [-1,2].

(b) f(z)

k! , —t? 2+ (4—17) 428
iy =t 2(a—2) P (—2t) + (41 13 4o b I Pe —mme—t &
() La-t) 72 (-2 + (4-t) ) gor Ji-12 Vi-t f(i
f)=0 = 4-2*=0 = 2 —9 = t=+2 butt=—2isnotin thegiven interval, [—1,2].
f'(t) does not exist if 4 — 2-0 = t=+2, but—2isnotinthe given interval. f(—1) = =4/3; f(\/i) =2,

(Fros
and f(2) = 0. So f(v/2) = 2 is the absolute maximum value and f(—1) = —/3 is the absolute minimum value.
42— 1) 60. (a)
54 f(t) = V(8 —1t), [0,8. f(t)= gl/3 _ 43 = (b)) =8t -4 = 4472302 —t) = — =
3V
f()=0 = t=2. f(t)doesnotexistift= 0. f(0) =0, f(2) =6 V2~ 7.56,and f(8) = 0.
| So f(2) =6 #/2 is the absolute maximum value and f(0) = f(8) = Oisthe absolute minimum value.
: ; : : sinx
| 55. f(z) = sinx + cos <, [0,%}. f(zx) =cosz —sing =0 < sInT=COSET Sy e 1=
i fang =1 = z=Suif0y=5FH — V214l f(Z) = B =137 So f(%) = V2isthe (b) f(x

absolute maximum value and f(0) = 1 s the absolute minimum value. So .




