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1. ¥i 0 The lme from 272, P20 to QU2 4 &, [{2 4 1)) 18 the line

y=1ix) F9 4 b — F()
K2+r-12 that has slope = L2 IJ LA

v

a / 2 24h

2 As h decreases, the line /7€) becomes steeper, so its slope increases. So

-2 _ @ -2 S - (2

} =R — r .1 AR i 1 - i f N o o ey
0 = 5 = - I].'.:L:Ié —_D". Thus, 0 < 5 [f{4) — F(2)] < J(3) — fF(2) < f(2).
3. ¢'(0) 15 the only negative value. The slope at & = 4 15 smaller than the slope at &+ = 2 and both are smaller than the slope at
2. Thus, g"(0) < 0 < g"(4) < ¢"(2) < ¢'(—2).
" FEY v A Ay . L P - . .
4. (a) Smee g(5H) 3, the point (5, —3) 15 on the graph of 4. Since g¢'(5) = 4 the slope of the tangent line at = = 515 4.

Using the point-slope form of a line gives us y — (—3) = 4ir — 5), ory = 4o — 24,

(b} Since (4. 3) 1sony — f(x). f(4) = 3. The slope of the tangent line between (0. 2) and {4. 3} 1s % so ['[4) it
10. (a) Using Definition 2 with ¢/ () — 42* — 2%, we have
e ; [ | Y i 'l:|J i . [ b 4 h :12 {ex h :IIS. { lnjz .'r.;'l
('{a) = lim — .'I - lim = ' '
h—i h fi— h
. da® + Bah + 4h? — (@ + 3a®h + 3ah? + B3) — 4a? + a? _ Bah + 4h® — 302h — 3ah? — K3
lim . limn _
h—l h—0 fi
; - 2]
. hiBa 4 4h — Ja 3ah — h™ . . g : :
lim =— - lim (28a + 4k — 3a® — 3ah — h?) = Ba — 3a®
h—0 i h—0
12
(k) At the pomnt {2, 8), ¢7'(2) = 16 — 12 = 4, and an equation of the tangent line [ A
sy — 8 = 4{xr —2), ory — dr. Atthe point (3, 9), G'(3) = 24 — 27 3,
and an equation of the tangent line 15y — 9 3 r -3 ory dr 4 18,
2 i
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17. Use Defimtion 2 with fix) = 1//w 4 2.
1 i+ 2 Vil +h 42
o Jlat k) = fla) (a+h)+2 va+2 Ja+ h+ 2 /ad
[Ma) = lim = S im = — lim — L
Fe—i h B h Fe—0 f1
. vao+2—ya+h+42 ya F2 4+ va+h+2] lim [0+ 2) (o + h 29
=0 | hya+h+2vVa+?2 vat+2+vat+rh+2] w—=ohyvat+h+2vVa+2(vat+t2+vat+rh+2)
. Il'i . ]
lim - — _ , lirn . — . ,
=0 fivfa+ 4+ 2va+2(vVa+2+va+ h+2) 0ot h+2va+2 (va+24+va+h+2)
l l
) |".-"|.' - _" :l_rl‘.:' I'.'.:I'I 2 :I ‘—':[."I' | 2‘]:1""2
Note that the answers o Exercises 19— 24 are not unique.
e - . |.| | |I.i:':“::| J P e 10
1%, By Defimtion 2. lim —————— — {"{1}. where (] = ™" and a L.
; fa— 00 h
i 1 I|l'|J.|-|
Or: By Definition 2, lim - ~ JH), where f(a) = (1 + )" and a — 0.
h—s)
. . o ME R — B o [100 4+ 505+ h) — 4.9(5 + h)?%] — [100 + 50(5) — 4.9(5)2
25 v(8) = f(5) = lim == L litn - : : S - (5)°]
h—0 h h—si) /1
(100 + 250 + 506 — 4.90% — 49h — 122.5) (100 + 250 — 122.5) . LOA® 4
litn - 1117 e
h—+i 1 f—0 1
Lo =490+ 1) . ,
lim —————— = lim{—4.9: + 1) = 1lm/s
h—s f1 h—0
The speed whent — 51s | L m/s.

ven ¢ = 5 hours. Its umts are bacteria per hour.

28. (a) f'(5)1s the rate of growth of the bacteria population w
(b) With unlimited space and nutrients, (" should increase as { increases; so f'(5) < ({10}, If the supply of nutrients 1s

limited, the growth rate slows down at some pomnt in time, and the opposite may be true.

AE ey e . ~ . . . . J ; ; L I
29. (a) /() 1s the rate at which the fuel consumption is changing with respect to the speed. Its units are {gal /h)/ (mi/h}.

(b} The fuel consumption is decreasmg by 0.05 {gal ‘h)/(m1/h) as the car's speed reaches 20 mu /h. Soif you increase your

speed to 21 mi /b, vou could expect to decrease your fuel consumption by about 0005 {gal /by /(o /).

ue of 110}, we will average the

anging at 10:00 A.M. To estimate the va

1(8) - (o) 72 -8l
& — 10 2

I'(12) — 710} a8 — 81 )y — 410 LA+ b Lo+ 3.5

12— 10 2 35 Then T(10) = lim ——5—~ — 2

31 7110) is the rate at which the temperature is ¢

4.5 and

difference quotients obtained using the times ¢ = ®and ¢ = 12, Let A
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36. Since () — ¥ sin({1/) when = + 0 and f{0) — 0, we have

f0+ /) — flO] h2sin(1/h) — 0 e 1
F{0) = lim JO+hR) - JO)_ i i d = lim fisin{l /&), Since —1 < sin= < 1, we have
' fa—et} h h—D I fa—) ! h

1 1 . ,
—h < |hlsin= < [hl = —|h| < hsin= < [k, Because lim (— |h]) = Oand lim [k = 0, we know that
h h h—0 0

lim (."i' sin Jri) = 0 by the Squeeze Theorem. Thus, (0} = 0.
h—D i
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