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- The derivative s increasing when the slopes of the tangent lines of f are becoming larger as z increases. This seems to be
the case on the interval (2,5). The derivative is decreasing when the slopes of the tangent lines of f are becoming smaller as x

increases, and this seems to be the case on (—o0,2) and (5, 00). So f” is increasing on (2, 5) and decreasing on (—o0,2)
and (5, 0o).

10. (a) The rate of increase of the population is initially very small, then gets larger until it reaches a maximum at about
= 8 hours, and decreases toward 0 as the population begins to level off,

(b) The rate of increase has its maximum value at t = 8 hours.

(c) The population function is concave upward on (0, 8) and concave downward
on (8,18).

(d) At¢ = 8, the population is about 350, so the inflection point is about (8, 350).

12. (a) If the position function is increasing, then the particle is moving toward the right. This occurs on t-intervals (0,2) and
(4,6). If the function is decreasing, then the particle is moving toward the left —that is, on (2,4).

(b) The acceleration is the second derivative and is positive where the curve is concave upward. This occurs on (3,6). The

acceleration is negative where the curve is concave downward —that is, on (0, &b

16. (a) f is increasing where f' is positive, on (1,6) and (8, co), and decreasing where f” is negative, on (0,1) and (6, 8).
(b) f has a local maximum where /' changes from positive to negative, at = = 6, and local minima where S’ changes from
negative to positive, at z = 1 and at z — 8.
(¢) f is concave upward where ' is increasing, that is, on (0, 2), (3,5), and (7, 00), and concave downward where flis
decreasing, that is, on (2,3) and (5, 7).

(d) There are points of inflection where [ changes its (e)
direction of concavity, at z = 2, 2 — 3,7 = 5and

de=0

19. '(0) = f'(4) =0 = horizontal tangents at = = 0,4.

f'(x)>0ifz <0 = [isincreasing on (—oo0,0).

.

fliz)<0if0<z<dorifzr>4 = fis decreasing on (0, 4) and (4, oo).

f(z)>0if2 <z <4 = fisconcave upward on (2,4).
f'(z) <0ifz <2orz>4 = fisconcave downward on (—o0,2)

and (4, 00). There are inflection points when = = 2 and 4.




8. () flz) = Alf}j flz + h‘i — flx) — lim [(x + h)* —2(x + h)?] — (2* — 227)

h—0 h
. (z* +42°h + 62°h% + 4zh® + h* — 227 — 4ah — 28%) — (2* — 2z%)
- h—0 h
3 2,2 3 . 92
= lim i 4“’2 vl it 7 i’ A lim (42° + 622h + 4zh? + h® ~ 4z — 2h) = 42° —dz

f(z) = lim f’(x +h) = f(z) = T [4(z + h.)s —4(z + h)] - (-’1:33 — 4x)

h—0 h h—0 h
- (42® +120%h + 120h% + 4h% — 4z — 4h) — (42° — 4z) s 122%h + 122h2 + 4h3 — 4h
T B0 h -

h—0 h

lim (122% + 12zh 4+ 4h° — 4) = 1227 — 4

® fz)>0 & 42 —d4z>0 < 4z(z* -1) >0 = dx(z +1)(z = 1) > 0,50 f is increasing on (—1,0)

and (1, 00) and f is decreasing on (—oo, —1) and (0, 1).
@f"@>0 & 122°-4>0 & 1%°>4 & 2°>1 & |z > /LsofisCUon (~o0,—/%) and

(\/g,oo) and f is CD on (_\/—%‘ \/g)
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3. By the Product Rule, f(z) = (z° + 2z)e* =
f(z) = (2° +22) (%) + e*(z® + 2z)" = (2 + 2z)e® + €7(32% + 2)

= e[(a® + 2z) + (322 +2)] = e*(z® + 327 + 2z + 2)

e’ , (+xz)e® —e"(1) e +ae® —e” ze”

= oo ol = =
l+zx v (1+2z)* (z+1)? (z+1)*

6. By the Quotient Rule, y =

P R
The notations :E:i and Q=:> indicate the use of the Product and Quotient Rules, respectively.

z+1 QR
BVvEFre 2 T
L @ +z=() (@ +1)@B2*+1) _ P +z-2-3" -3 a1 _ —2® —32% -3
= (z3 +z - 2)? = (3 +z —2)? (z3 + = —2)?
2% 432 +3
< (z —1)2(x2 +z +2)?
1/2 . z
19. f(t) = 2t or Flt) = (24t7%)(2) ~2t(%t 1;2) _ 4 4 281/2 _ 4172 _ 4+ ¢1/? o 44/t
2+ @+ Vi) @+VE? @+ VIR @+ VAP
z? v (1+22)(22) —22(2) 2x+42® -2 2%+ 2
2 JE)= Ttz fia)= (1+2z)? T (1+22)2 7 (1+2z)2
F(z) = (1+2z)°(4z +2) — (22% + 22)(1 + 4z +42%)  2(1 + 22)%(2z + 1) — 22(x + 1)(4 + 8z)
[( 4 22)7%) B (1+ 2z)*

_2(1422)[(1 +22)° —4z(z +1)] _ 2(1 + 4z + 4a® — 42® — 4x) 2

1+ 22) 1+ 22)° 1+ 22)°
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Tl omny

2. y=2cscx+Hcosz = ¥ = —2cscx cotx — Hsinx

5.y =secf tanf = y' =sech(sec’ )+ tand (secfian 8) = secf (sec® 6 + tan® g). Using the identity

1 + tan® 6 = sec” §, we can write alternative forms of the answer as sec § (14 2tan’6) or sech (2sec9 —1).

sec
. f(6) = 1 j— sec
£16) = (1 +secf)(sect tanf) — (secO)(sec tand) _ (secd tand) [(1+sec@) —secf]  secd tand

(1 + sech)? (1+ sec#)? T (1 +sech)?

d ¥ = d 1 _ (cosz)(0) — 1(—sinz) _ sz 1 sinx e
16. EE(SGC dz \ coszx cos? cos?x cosT COST



