Solutions 4.5

1. y=f(z)=2"+z==z(2*+1) A. fisapolynomial so D =R. H.
B. z-mtercept = 0, y-intercept = f(0) =0 C. f(—=) = —f(x),50 f1s
odd; the curve 1s symmetric about the origin. D. f 1s a polynonual, so there 1s

no asymptote. E. f'(x) = 3z" + 1 > 0, so f is increasing on (—oo, 0o).

F. There is no critical number and hence, no local maximum or minimum value.

G. f"(z) =6z > 0on (0, 00) and f"(x) < 0 on (—oo,0),s0 f isCU on
(0, o) and CD on (—oo, 0). Since the concavity changes at = = 0, there 1s an

mflection point at (0, 0).

.y=flz)==z(x+2)° A D=R B. yintercept: f(0) = 0; z-intercepts: f(z) =0 < z=-20 C.No
symmetry D. Noasymptote E. f'(z) =3z(z+2)* + (¢ +2)° = (z +2)" 3z + (= + 2)] = (= + 2)* (4= + 2).
fl#) >0 & z>—-1,andf'(z) <0 & =z<—20r—2<z< —1, 50 fisincreasing on (—3. oo} and decreasing
on (—co, —2) and (—2. —3). [Hence f is decreasing on (—oco, —3 ) by the analogue of Exercise 4.3.65 for decreasing
fimetions.] F. Local minimum value f(—2) = —ZL, no local maximum
G. f'(z) = (z+2)*(4) + (4= +2)(2)(= + 2) H
= 2(z + 2)[(z + 2)(2) + 4z + 2]
=2(z +2)(6z + 6) = 12(z + 1)(z + 2)
f'(z) <0 & —2<z<—1,50fisCDon(—2, —1)and CUon

(=00, —2) and (—1, 00). IP at (—2, 0) and (—1, —1)

M. y=f(z)=1/(z*—9) A D={z|z#+3}=(—o00,—3)U(—3,3)U(3,00) B. y-intercept= f(0) = —3, no
1

z-mtercept C. f(—=x) = f(x) = f1seven; the curve i1s symmetric about the y-axus. D. - g=0, soy =20
T—Too I —
isaHA lim ! = —opo, lim ! = oo, lim ! = oo, lim ! = oo, sor=3andx = —3
m—r:i'—xz—g_ Pm—o3+I2—g_ jm—r—:i'—xz—g_ ?m—r—3+1‘2—9_ ’ o B
are VA E. f'(z) = —(f—xg:}z >0 < <0 (xr+# —3)so fisincreasmg on (—oo, —3) and (—3. 0) and
2 —
decreasing on (0, 3) and (3,00). F. Local maximum value f(0) = —+. H. Y
_ 2 _ 2 2 _ 2
G. ' = 2(x* —9)* + (22)2(z* — 9)(2x) _ 6(x* +3) S0 o
@ —op EED
X
>0 & z>3ore< 3,50 fisCUon(—oo. —3) and (3, 00) and 3(‘ .
r= - x=
CDon(—3,3) NoIP 1
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2 +x+1

6 y=fle)=1+2+==2F2F1 4 D_(—00,0)U(0,00) B. y-intercept none [z # O];
€T H €T

z-intercepts: f(x) =0 < 2 + 2+ 1 = 0, there is no real solution, and hence, no z-intercept C. No symmetry

11 _ . 1 2 —z-2
D. lim (1+—+—2)=1,50y=115a}m. lim f(z) —oco,s00 =0isaVA E. fl(z)=—— — = = ——=
xT x—0 x

T—oo .1‘3 €T

f(z) >0 & —2<z<O0andf'(x)<0 & =x< —2orz>0,s0 [ isincreasing on (—2,0) and decreasing

on (—oo, —2) and (0,0c). F. Local minimum value f(—2) = £; no local H.

2 6 2 6
- s fflz) <0 & =z < —3and

maximum  G. jF”(su:}=I —

_4=

fflz) >0 & —3<z<0andz >0,s0fisCDon(—oo,—3)and CUon

(—3,0) and (0, ). IPat (—3, )

Ny=flz)=val+z—2=/(z+2)(z—1) A D={z|(z+2)(x—1) >0} =(—c0,—2]U[1,00)
B. y-intercept: none; r-mntercepts: —2and 1 C. No symmetry D. No asymptote
2x +1
2z tz—2
fix) >0 = x>-—zand f(x) <0 = x < —3,s0 (considering the domain) f is increasing on (1, co) and
f 15 decreasmg on (—oo, —2). F. No local extrema

E flz) =3 +2—-2)""*(22+1) = f'(z) =0if x = —3, but —3 1s not in the domain.

2z +2—2)"3(2) = (22 +1)-2- (22 +2—2)"* (22 +1)

G. f”(I)z = H- ¥
(2vVa?+2-2)
@ +2—2)7? [4(2® + 2 - 2) — (42" + 4o +1)]
N 4z + = —2)
-9
Az +x —2)3/2 +—+ +
(z2+x—2) = 0 x

so f1s CDon (—oo, —2) and (1, oo). No IP
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2. y=f(z)==x/v/z2—1 A. D= (—0o0o,—1)U(l,00) B. Nointercepts C. f{—=z)= —f(z),so f isodd;

the h 15 etric abouttheorigin. D. lim ——=1and lim — =
graph 1s symm o1n | = S TE

lim_ flz) =+4occand lim f(x)= —oo,s0x = %1 are VA.
z—1 z——1—

—1,s0y = X1 are HA.

2ol .r: 1 22 —1—27 —1

r — - -
E. fl(z)= CEETEE = P = EEEEE < 0, so f is decreasing on (—oo, —1) and (1, oo).
F. No extreme values H. TS

" —B 3x -
G. f'(z) = (D(F)E" — )™ 2o = s 2ot o
f"(z) < 0on(—oo,—1)and f"(x) > 0on (1, cc),so fis CD on (—oo, —1) 0 x

=
and CU on (1. 0o). No IP \ i’
x:

M. y= f(z) =3sinz—sinz A. D=R B. y-intercept: f(0) = 0; z-intercepts: f(z) =0 =
sinz (3 —sinz) =0 = sinz=0 [sincesin®z<1<3] = z=nnm,naninteger
C. f(—=) = —f(x), so f 1s odd; the graph (shown for —27 < x < 27) 15 symmetric about the origin and periodic
with period 2. D. No asymptote E. f'(x) = 3cosz — 3sin® x cosz = 3eosz (1 — sin® z) = 3cos” .
fi(x) >0 & cosz>0 & z€&(2nm— I 2n7+ ) foreachinteger n,and f'(x) <0 <+ cosx <0 &
z € (2nm + %, 2nw + ZF) for each integer n. Thus, £ is increasing on (2nm — I, 2nw + I for each integer n,
and f is decreasing on (2n7 + I, 2nm + 2L for each integer n.
E. f has local maximum values f(2nm + Z£) = 2 and local minimum values f(2nm + 28) = —2.
G. f"(x) = —9sinz cos®x = —9sinx (1 —sin? ) = —9sinz (1 —sinx)(1 + sin x).
f'(z) <0 & sinz>0andsinz #+1 £ z¢€ (2n7,2n7+ 2) U (2n7 + I, 2n7 + ) for some integer n.

f'(z)>0 & sinzx<Oandsinz#+1 & ze(2n—1r, (2n— 7+ Z)U((2rn —1)7 + £, 2n7)

for some integer n. Thus, f is CD on the mtervals (2n, (2n + 3 )7) and H " (Z2)
((2n+ ). (2n + 1) =) [hence CD on the intervals (2n7, (2 + 1) 7)] [.\ 1 i
for each integer n, and £ is CU on the intervals ((2n — 1), (2n — §)7) and o - \Jfrx
((2n — 3)7.2nx) [hence CU on the intervals ((2n — 1), 2nm)] Lz 172

for each mteger n. f has inflection points at (n, 0) for each integer n.
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36. y = f(x) =secz +tanz,0 <z <7/2 A D= (0,Z) B. y-ntercept: none (0 not in doman); z-intercept: none,

since sec = and tan x are both positive on the domain €. Nosymmetry D. lim f(z)=oc,s0x = JisaVA
e 2)—

E. f/(z) =secx tanz + sec’ x = secx (tanx +secx) > 0 on (0, 3 ), so f is increasing on (0, 7).

F. No local extrema H. ¥
G. f"(x) = secx (sec® z + secxtanz) + (tanz + secx) secx tanzx
= secx (secx + tanx) secx + secx (secw + tanx) tana 14 ¥=7
= secx (secx +tanx)(secz +tanz) = secx (secz +tanz)’ > 0
0 x

on (0,%),s0 fisCUon (0, 3). NoIP

#. y=1/(1+e®) A D=R B. No z-intercept; y-intercept = f(0) = 3. C. No symmetry

D. lim 1/(1+e ") =55 =1and lim 1/(1+e ") =0 since lim e ® =oc], so f has horizontal asymptotes

y=0andy=1 E. f'(z)=—(1l+e ") ?(—e ™) =e"/(1+ e ). This is positive for all -, so f is increasing on E.

F. No extreme values G. f’(z) = (I+e ™) (—e™) —e ()1 +e ™) (—e™") _ e (e —1)

(14e—=)2 (14 e—=)3
The second factor in the numerator is negative for = = 0 and positive for » < 0, H ¥ =1
and the other factors are always positive, so f is CU on (—oo, 0) and CD /-
on (0,00). IP at (0, 1) /
0 x

4. y=f(z)=In(z" —3z+2) =z —1)(z—2)] A D={zmR 2*—32+2>0}=(—o00,1)U(2,0).
B. y-infercept: f(0) = In2; x-infercepts: f(z) =0 <« 2°—32x+2=¢" =& 22 -3x+1=0 <
x=1i2-‘£ = =z =~038 262 C.Nosymmetry D. lim f(z)= ]jm+f(x}=—oopsox=landx=2areVAs_
z—1— 2

2z —3 2(z — 3/2)

NoHA E. f’($}=I2_3I+2= (z—1)(z—2)°

so f'(z) < 0forz < 1and f'(z) > 0 forz > 2 Thus, f is

decreasing on (—co, 1) and increasing on (2, cc). F. No extreme values
(z* —3z+2)-2— (22 —3)®

" _ ¥ =2
G. f'(z) 312 H. x
12
22 —6x+4—42® +120 -9 227 +62—5 \i |
(22 — 3z +2)? (22 — 3z +2)2 \ i
The numerator 1s negative for all » and the denomnator 1s positive, so 0 x
=14
f"(x) < 0 for all = in the domain of f. Thus, f is CD on (—oo, 1) and (2, o0) .
_2..
NoIP -
x=1
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5. y = f(z) =e®* +e* A. D=R B. y-mtercept= f(0) = 2; no z-intercept C. No symmetry D. No asymptote
E. f'(z) =3 — 27 s0 f'(z) >0 & 3¢° > 272" [multiply by £**] &= H. y
e >2 & Srx>Ini & =2>Lflnix~-0081 Similaly f'(z) <0 &

z < LIn2. fis decreasing on (—oc, £ In2) and increasing on (£ In 2, 0o).
F. Local minimum vahie f(1n2) = (%}m — {%]_HB == 1.96; no local maxinmm_

Jocal \m 2)
G. f"(z) =96 + 47> so f(z) > 0 forall =, and f is CU on (—oe, oc). No IP frumIm

] x
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