Graphing
p. 304: 35-49 odd

35. f(x)=4+ix—1x" = fi(x)=1-x. f(x)=0= x=1. This is the only critical number.

37. Ff(x)=2x -3x"-36x = f'(x)=6x" —6x-36=06(x" —x—6)=6(x+2)(x—-3).
f(x)=0 = x=-2,3. These are the only critical numbers.

39. g(t)=t'+ + +1 = g'(t)=4r + 3" + 2t =1(4¢ +3t +2). Using the quadratic formula, we see
that 4¢* + 3¢ + 2 has no real solutions (its discriminant is negative), so g'(t) = 0 only if7 = 0. Hence, the
only critical number is 0.
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2'(y)=0 = y=0,2. The expression y* — y +1is never equal to 0, so g'( y) exists for all real
numbers. The critical numbers are 0 and 2.
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R(O)=0=3r=2=4 =<=1=+. h'(0) does not exist, so the critical numbers are 0 and .
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Thus, the three critical numbers are 0,2, and 4.
47. f(8)=2cosf+sin” 8 = f'(8)=-2sinf+2sinBcosh. f'(8)=0= 2sinB(cosf—-1)=0=
sin@=0o0r cos&@=1= @=mnr[nan integer] or & =2nx. The solutions & =z include the
solutions & = 2rr, so the critical numbers are & = nr.

49. f(x)=x"e"" = fl(x)=x(Be ")+e "(2x)=xe " (-3x+2). f'(x)=0=x=0,2

[e7* is never equal to 0]. f'(x)always exists, so the critical numbers are 0 and 2.

. Fl(x)=0=x=4,2. F'(0)does not exist.

p.331: 11-12, 14-15, 17-25 odd, 26-29, 45-53

11. (a) Since f"(x)>0o0n(1,5) fis increasing on this interval. Since f"(x)<0 on(0,1)and(5,6) fis
decreasing on these intervals.
(b) Since f'(x)=0 atx=1and /" changes from negative to positive there, fchanges from decreasing
to increasing and has a local minimum at x =1. Since f'(x) =0 atx=5and /' changes from positive
to negative there, f changes from increasing to decreasing and has a local maximum atx = 3.



12. (a) f'(x)=0and fis increasing on(0,1)and(5,7). f'(x)<0and fis decreasing on(1,5)and(7.8).
(b) Since f'(x)=0 atx=1andx = 7and /' changes from positive to negative at both values, f
changes from increasing to decreasing and has local maxima at x=1and x = 7. Since f'(x)=0 at
x=35and f” changes from negative to positive there, f changes from decreasing to increasing and has
a local minimum atx =35.

14. (a) fis increasing when f”is positive. This happens on the intervals(0,4)and(6,8).

(b) fhas a local maximum where it changes from increasing to decreasing, that is, where /' changes
from positive to negative (at x =4and x=28). Similarly, fhas a local minimum where /' changes
from negative to positive (atx =6 ).

(c) fis concave up where f is increasing (hence f” is positive). This happens on(0.,1),(2,3) and
(5.7). Similarly, fis concave down where /" is decreasing, that is, on(1,2),(3,5) and(7.9).

(d) f'has an inflection point where the concavity changes. This happens atx=1,2,3,5and 7.

15. f(x)<0=> fis decreasing and f/"(x) >0 = f'is concave up. The graph that depicts a decreasing,
concave up segment is (B).

17.(a) f(x)=2x —9x"12x—3= f'(x)=6x —18x+12=6(x" —3x+2)=6(x—1)(x—2).

Interval x+1 | x=3 | f'(x) f

x<—1 - - + increasing on (0, 1)

l<x<2 + - - decreasing on(1,2)
x=2 - + + increasing on(2,0)

(b) fchanges from increasing to decreasing at x =1 and from decreasing to increasing at x = 2. Thus,

f(1)=2 is a local maximum value and f(2)=11is a local minimum value.

(c) f"(x)=12x-18=12(x—3). f"(x)>0 <= x>3and f"(x) <0 < x<3. Thus, fis concave up on

(4,=)and concave down on(—e,3). There is an inflection point at(2,3).

(7 +1)-1-x(2x) _ 1-x" _ (x+1)(x=1)
K+ (D) (1)

(x+1)(x-1)<0 < —1<x<Land f'(x) <0ifx <—1 orx>1. So fis increasing on(—1,1) and fis

X

19. (a) f(x) = = f'(x)= . Thus, f'(x)>0 if

x+1

decreasing on(—s,—1)and(1,%).
(b) f changes from decreasing to increasing at x =—1 and from increasing to decreasing atx =1.
Thus, f(~1)=—%is a local minimum value and f'(1) = 1is a local maximum value.

. (x+ D (20— (1-DI2A+D(20)] (x+D (20" +1)+2(1-x7)] 2x(x*-3)
(©) f(x) = : = : -2
(x+1) (x+1) (x+1)
ffx)»0<= —ﬁ{xc:[] ﬁr;r}s,/i and f"(x)<0 < x-::—J§ orD{x{ﬁ. Thus, fis concave up
Gn[—«ﬁ,ﬂ)and(ﬁ,m) and concave down Gn(—oc,—\/i) and[ﬂ,ﬁ). There are inflection points at

(—B3,—3/4), (n,n),and[ﬁ,ﬁm}




21.(a) f(x)=cos’ x—2sinx, 0=x <27 f'(x)=—2cosxsinx—2cosx=-2cosx(l+sinx). Note that
1+sinx 20, with equality <> sinx=-1 <> x=2% [since 0<x=2x] = cosx=0. Thus,
f(x)>0< cosx <0< Z<x<iand f(x)<0 = cosx>0 = 0<x<ZorZ < x<2x Thus,fis
increasing on(£,%) and f is decreasing on(0,%) and(3£,27).

(b) fchanges from decreasing to increasing at x = £ and from increasing to decreasing atx = <.
Thus, f(£)=-2 is a local minimum value and /(%) =2 is a local maximum value.
(¢) £"(x) =2sin x(1 +sin x)—2cos’ x = 2sin x + 2sin” x —2(1 —sin” x)

=4sin” x+2sinx—2=2(2sinx—1)(sinx+1)
s0 f'(x)>0 = sinyx>t < L<x<Z, and f"(x)<0 < sinx<1 and sinx#-1< 0<x<Z or
L <x < or ¥ <x<2x Thus, fis concave up on(£,%) and concave down on(0,£),(2=, ),
and (2,27 ). There are inflection points at(Z,—1) and(2,-1).

23.(a) f(x)=x"Inx = f'{xi: x*(1/x)+(Inx)(2x) =x+2xInx =x(1+2Inx). The domain of f is
(0,00), so the sign of f* is determined solely by the factor 1+2Inx. f'(x)>0 < Inx>-tx>e "

and f'(x) <0 & 0<x<e . Sofis increasing on(e™?, oo) and fis decreasing on(0,¢™" )

(b) fchanges from decreasing to increasing atx=¢""".

Thus, £ (™) =(e™" )2 In(e™?) =& (~%)=—3; is a local minimum value.

() fl(x)=x(1+2Inx) = () =x(2/x)+(1+2Inx)-1=2+1+2In=3+2Inx. ["(x)>0<

—3/2

3+2lnx>0 = hx>-2 = x>e Thus, f'is concave up nn[e‘j’z,oo) and fis concave down on

(U,e‘m ) There is a point of inflection al(e'l"z, f [e's"'z )) = (e"’"'l,—?;f 2¢’ )
25.(a) f(x)=x"¢" = f'(x)=x" (—e_x) +e*(4x’)=x"e¢*(—x+4). Thus, f'(x)>0if 0<x<4 and
f'(x)<0if x<0 orx>4.So fis increasing on(0,4) and f'is decreasing on(—==,0) and (4,).

(b) fchanges from decreasing to increasing at x = 0 and from increasing to decreasing at x = 4. Thus,
£(0)=0 is a local minimum value and f(4)=256/¢" is a local maximum value.

(©) fl(x)=e"(—x" +4x") =
fr(x)=e " (—4x" +12x7) +(—x" +4x3}(—e—*] = e [(—4x" +12x7)— (—x" +4x7)]

—e(x'=8x +12x" )=x"e (x = 8x+12)=x"e " (x=2)(x—6)
f"fx)>0=x<2 [excluding {]]nrx >6 and ["(x) <0 <> 2 < x<6. Thus, fis concave upward on
(—o0,2)and(6,0) and fis concave down on(2,6). There are inflection points at[2=169'2]and
(6.1296¢™ ).

26. f(x)=2x"+x = f'(x)=6x"+1= f'(x)>0 forall x so fis increasing for all values of x (III), but f
has no local extrema. f"(x)=12x=0< x=0. f"(x)>0=x>0and f"(x) <0 = x < 0. So, fhas
an infection point at(0,0) (II). Therefore, the correct choice is (D), Il and IIL

27, h(x)=x"+2x" —dx+1 = h'(x) =3x" +4x -4 =(x+2)(3x-2). h'(x)=0 < x=-2, or 2.

I(x)<0 < -2<x<+= hisdecreasing on [—2,_%] This is option (A).



28.

29.

45.

46.

47.

48.

49.

f(x)=x(x=2)*(x+1)' =0 < x=-1,0,2. Using a sign chart for /"(x), we have

Interval | f"(x)=x(x—2)"(x+1)" | Concavity

(—o0.-1) f"(-2)=32>0 up
(-1.0) f(-4)=-%5<0 down
(0,2) f1(1)=8>0 up
(2,%0) 77(3)=192>0 up

Therefore, f has inflection points at x =—land x =0, which is option (D).

f(x)=xe"—¢&" = fl(x)=xe"+e&" - 1-&" =x&". f(x)=0 x=0.

f(x)>0< x>0andf'(x) <0 < x<0. So fhas a relative maximum at x =0 and no relative
minima. f"(x)=xe" +e&" =e"(x+1). ff(x)=0x=-1f"(x)>0 x>—1 and

f"(x) <0 < x <—1. Therefore, f has an inflection point at x = —1. The correct choice is (B), one
relative maximum and one point of inflection.

7 - | - -

[a}% >0 (fis increasing) and ;—{ >0 (fis concave up) at point B.

7 2 1
(b) i—l <0 (fis decreasing) and Zx—i <0 (fis concave down) at point E.
X

2

(c) j—} <0 (fis decreasing) and%:r 0 (fis concave up) at point A.
X

7

Note: At C, ﬁ}(} and dLJ,_,; <0. AtD, £=Gand dL.:’ <0.
d‘lx df d.'x d’tk
_J-'ﬂ:x):L:(:{lﬂx:}_1 ::"f’(x}Z_(XIHI)_:[X'1+II]:(-]]=— 1-0—11’]},‘2.
xlnx X (xInx)

f(x)=0=1+lnx=0<= Inx=-1< "™ =x=¢"' =L, Note that fis undefined for x<0 x =1.

So fl(x)<0e=l<x<landx>1, and f'(x) >0 < 0 < x <L Therefore, the local maximum value

1
&

occurs at x =<1, and the local maximum value is f[le] = —e, which is choice (B).

F(x)=x -2x"—dx+5= fi(x)=3x"-dx—4=3x+2)(x-2). f(x)=0=x=2,-1.
f(x)<0= —2<x<2and f'(x)>0 < x<—2xorx>2. Therefore, / hasalocal minimum at

x=2, and a local maximum atx=—-3. f"(x)=6x—4=0 < x=3. So, fdoes not have an inflection

point at x = —%. The correct choice is (D), the function is decreasing Gn[—i, 2}.

f(x)=sinx- < = f'(x)=sin xe"”“z"{Z cos x(—sinx)) +e‘°“2’(c05x) =& cos x(1-2sin” x).

sin’ x

2 1
f’{x)=[]<:>cosx(l—25in2x}=[] cosx=2smx = 1=2 <> —=sinxtanx

COsX

i . i . T
<> x=4+2L, pan integer. So among the given choices, the correct choice is (A) )

On the interval 0 < x <4, f'(x)= sin(%) =0 <> sin(%)=0 < x=2. Note that f(0) is undefined
x

but 0 is not in the given interval. 0 <x <2 = f(x)>0 and2 <x <4 = f'(x) <0. Therefore, fhas
a local maximum at x =2, and no local minima in the interval. The correct choice is (A).



50. f(x)=xe™ = fi(x)=xe™ (2x)+e ™ 1=e~ (1-2x).

51

52.

fm=0el-2=0ol=XoL=x f()>0s ~Lox<Land f1(x) <0 = x<—L
and x > % Thus fhas a local minimum atx = ——"25 and a local maximum atx = 3'2 Therefore, the
function is decreasing on (—ec,—i":i] and [f,ao)

Fr(x)=e™ (=dx)+(1-2x")e ™ (2x) =€ (dx—2x+4x") =™ (4x° —6x) =2xe™ (2x> —3).
ffx)=0 e x=0or2x"-3=0=sx =< x=i.J%_. fM(x)<0 < x«::—\Eand D«::x{.\E.

Thus fis not concave down over its entire domain. The true statement is (D).

1 , 1 . 2 1 2-
y=—thx=2y=—cgt+—oy ="-—=—+—.

3

X XX XX X
V"< 0 &> x < 2. Therefore, y has a point of inflection at (A) x = 2.

(a) fis increasing where f” is positive, that is on(0,2),(4.6) and(8,%0): and decreasing where f" is

V'=0x=2,y">0& x>2and

negative, that is, on(2,4)and(6.8).

(b) f has local maxima where f' changes from positive to negative, atx = 2 and at x = 6, and local
minima where [’ changes from negative to positive, at x =4 and at x =8,

(c) fis concave upward (CU) where /" is increasing, that is, on(3, 6] and (6, -:-0), and concave

downward (CD) where f” is decreasing, that is, on(0,3).
(d) There is a point of inflection where f changes from being CD to being CU, that is, at x = 3.
(e) vy

53. (a) fis increasing where f” is positive, on(1,6) and(8,0),and decreasing where /" is negative, on

(0,1)and(6.,8).

(b) fhas a local maximum where f* changes from positive to negative, atx = 6, and local minima
where f'changes from negative to positive, atx =1 and at x = 8.

(c) fis concave upward where f” is increasing, that is, on(0,2).(3,5), and(7,c), and concave

downward where /" is decreasing, on(2,3) and (5,7).
(d) There are points of inflection where f changes its direction of concavity, atx=2,x=3,x=35,and

x=7.



