Problem 1. %.._]l 5 g —

(a) By completing the square, we see that h(t) = —16t> + Bt + 48 = —16 (1* — 1t) + 48 = ~16(t - 4] + 49

The graph of h is a parabola that opens downward with its vertex at (3,49). Therefore, since 1 > L
the ball is heading down at ¢ = 1.

(b

o

The average rate of change of height with respect to time over [0.9,1] = 4% = A}={08 —
~16(1}* +8(1)+48—(—16{0.9)° +8(0.0)+48) _ o9 4 ft/sec
01 i '

The average rate of change of height with respect to time over [1,1.1] = 4% = 20l —
-15(1.1]“+a{1.1]+4§;f-1s{1i*+s{11+4a1 —~ ~25.6 ft/sec.

The ball’s velocity is between -25.6 ft /sec and -22.4 ft/sec.

(c) The average rate of change of height with respect to time over [0.99,1] = ok — L 11:;’. 089
-16{1]1+3{1}+48—_{Eét:(u.ﬁg]“.q-a{u.gshd.a} = —23.84 fi/sec.

The average rate of change of height with respect to time over [1,1.01] = -‘%rf = E{l—i%%?fiﬂ =

~16(1.01)* +8(1.01)+48—(—16(1) +B(1)+48) _ _ o4 16 i [sec
0.01 : J

The ball’s velocity is between -24.16 ft/sec and -23.84 fit/sec.

2 i —32At-16(A8)"+BAL _
(d) A'(1) = limago h{1+mg R(1} _ limas_, =16{1441) +E|{1+.M}+-iﬂ- (1601} +8(1)+48) _ 10 s E‘? oy

limag—.p —164E — 24 = —24 The msta.ntaneoua velocity of t!lE ball at t =1 iz —24 ft.,n"ser:

Problem 4.

(a) The slope of the secant line through P and Q = m(h) = LEHR=L0 — & — k2 Now m(-0.1) = 0.01,

m(=0.01) = 0.0001, m(~-0.001) = 0.000001, m(0.0001) = 0.00000001, m(0.001) = 0,000001, m(0.01) =
0.0001, and m(0.1) = 0,01,

(b) It appears that f'{0) = 0.
(c) £7(0) = limy_om(h) = limp_g h* = 0.

(d) The function f(z) = z* is increasing everywhere, which implies that any difference quotient will be
pos;twe As f'(0) = 0, these difference quotients are certainly greater than f'(0).

Pmblamﬁ g i e
i) = ——.g = 0.625

4:r;; 3.9 3.99 3.999 | 4.0001 4.001 1.01
L5FR=JI9 T 0 06370

h

4.1
-0.06262 | -0.06251 | -0.06250 | -0.06249 | -0.06238 | -0.06135

Problem 17. ¥ P

(@) A =(4-wgd-w), B=(49(4), C=(4+wgd+w), D= (s,g(s)), B =
= (r,g(r))

(b) i) B, ii) C, iii) E, iv} A, v} G, vi) F, vii) D, viii) G

(s +p,gls +p)),

Problem 2, - A Lo
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k(2zh + h?) kh{ﬁx + k)
= | = i —
[ pe e =2k
Problem 7,

From problem 1 we have f'(z) = 3. f'(0)=3; f'(2) =3; f'(-1) =3




Problem 16.
@) flo+As) — f(z) _ Graay ~# _ —2eAz—(Az) _ 2o Az
(24 Az) — = Az (z + Az)*zPAz  (z + Azx)?z?
ppw o e s B P “lz—-Ox 2
(B ol ~ e @+Az) -z  Azso(z+Az)zi | 70
}5.3) =
T, T 5 i " Problem 6
Problem 2. Problem 5. Pro :
(a) [2,6]
() 0,2 ¢ b
1.5
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Problem 8.

Problem 3.

(a)
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Problem 7.
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(b) The slope of F is the rate of change of the number of fish in the pond over time; the slope decreases over

time as F(t) approaches C.

Problem 4.

{a) Decrease in food by one unit will result in increase in clothing by two units,

(b) Very small decrease in food corresponds to very large increase in clothing, then quality of food is small.




o,

Problem 4.

Y=-2+L0=y= —2+1= z=1and y(1) = -2 AT =L 18 A the coefficient of o is

negative, the vertex (1, —12) is the highest point on the curve.

Problem 5.

(a) The function is f(x) = 3z 4+ C, where C is a constant. If flz) passes through the origin then we have

0=C', and hence f(z) = 3z. If f(x) passes through (0,2) then we have 2 = C, and flz) =

3z + 2.

(b) The function is f{z) = wz + C. If it passes through the origin, then €' = 0 and f(z) = wz. If it passes

through (0,2) then C = 2 and f(z) = 7z + 2.

lG.2]

Problem 1.
(a) hiz) = flz)g(z) =(2+3)(z~-5)=0=>2z=-3orz =5
(b) Rlz)=(z+3)(z—5)= -T2 0=2?-2z 8=(z+20(z—-4)=>x=-2,orz=4

(c) Mz)=(z+3)(z-5)=-15e0=2-2x=2(c-2)=>x=0,orz=2

(d) h(z) = (z+3)(x—5) = c < 0 =2z — 2z — 15— ¢ Using the quadratic formula to solve this last equation

for z, we have g = ——2=V (C2=41070) _ g 4 Af e

(e) dla?)—2= L5 —2 = 5HE 2= 0. & 0= ZH2E0) _ —2flS o 52493 = 0. Now ~2z2+13 =0

= z = ++/13. Since (& 132—5"13 5= Eaéﬂthesolutmnsarax—-:l:v'r_

(6) H@P 1= 28] 1= @43 1 = @0 _ emts — 0 5 16216 = 0. Now 160~ 16 =0

when £ = 1, and (1 — 5)% = 16 s (. Hence the solution to the equation is = 1.

(8) h(z) = i) & f(@)g(z) = 22 & (z +3)(z — 5) = 2§ & EEUEI=D _ 0. Now 0 = (= +3)((z -
5)2 —1) = (z + 3)(z —4)(z — 6) = = = -3, = 4, or z = 6. Notice that none of these three values of
z make the denominator from the original equation, (x — 5), equal to zero. Hence z = -3, = = 4, and

T = f are the solutions to the equation.

Problem 2. Problem 3.

(a) (vii); (a) @ ~T=0Ogives 22 =7,z = +4/7
(B) (wi); (c) (#+1)° =252 +1=452=—Gorz=4
(c) (idd); (8) 2=-8,z=1

) (vidd);

(e) (i);

3) L

Problem 1. Problem 2.
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(a) Let y = k(z+4)(z —2); as (—1,2) is on the graph, 2 = k{—1+4)(—1-2), from which we obtain k = —.
Therefore, y = —£(z + 4)(x - 2).

(b) Let y = k(z + 2)(z — 1); as (0,—3) is on the graph, —3 = k(0 + 2)(0 — 1), from which we obtain k = 2.
Therefore, y = 3(z + 2)(z - 1)

(¢) Let y = k(z — 3)?; as (0,—3) in on the graph, -3 = k(0 — 3)2, from which we obtain k = —3. Therefore,

y=—3(z-3)°

(d) Let y = k(z + 2)(z — 1)(z — 3); as (0,—2) is on the graph, -2 = k{0 + 2)(0 — 1)(0 — 3), from which we
obtain k = —3}. Therefore, y = —3(z + 2)(z — 1)(z - 3).

Problem 1.

(a) R(z)= (720 + 10z)(220 — )

(b) The domain is [0, 220].
Ri=)

EDODOD
LEoogo
Lo00on

~10z? + 1480z + 158,400

L log

()

L0

f4-1]

As R is a quadratic function with negative lead coefficient, its graph is a parabola that opens downward.

The maximum value of the revenue function R is the y—coordinate of the vertex of the parabola. The
z—coordinate of the vertex is the number of unsold seats that will result in the maximum revenue. We
find the z—coordinate of the vertex by solving the equation 0 = R'(z) = —20x + 1480. This solution to

this equation is z = 74, and R(74) = —10(74)? + 1480(74) + 158,400 = 213,160. Therefore, 74 unsold
seats result in the macdmum profit of $213, 160.




Problem 3.

(a)
h(t) feet
60 h() v(t) feet per second
30 2
= S
307 : tm
204 20
10 o
a 05 1 L5 2 , 15 !i g

(b) The ball was thrown from a height of h{0) = 48 fest.

{c) v(t) = h'(t) = =32t + 32; v(0) = 32. The initial velocity was 32 ft/sec. The ball was thrown up because
v(0) = 32 is positive.

(d) The ball's height was decreasing at ¢ = 2 because its velocity at t = 2, v(2) = —32(2) + 32 = 32, is
negative,

{e) The ball achieves its maximum height when w(t) = —32(t) 4+ 32 = 0, which is when ¢ = 1. That is,
the ball achieves its maximum height 1 second after being thrown. At ¢ = 1, the height of the ball is
h(1) = —16(1)2 + 32(1) + 48 = 64 feet, and the velocity is v(1) = 0 ft/sec.

(f) The ball hits ground at the frst instance after ¢ > 0 when A(t) = —16(¢ + 1)(t — 3) = 0, which is when
t = 3. Therefore the ball was in the air for 3 seconds.

(g) The ball’s acceleration was a(t) = v'(t) = —32 ft /sec®. Yes; this makes physical senses because accelera-
tion of a falling body due to gravity is -32 ft /sec®.

—_—

Problem 9.

Problem 5.

(a) Amelia sells g(x) = 120 — 5z bowls per week at a price of = dollar per bowl. Now g(z + 1) — g(z) =
(120 — 5{z + 1)) — (120 — 5z) = —5. By raising the price of a bowl by 1 dollar, she sells 5 fewer bowls.

(b) R{z) = (price)(quantity) = xg(x) = 2(120 — 5z).

(¢} As her revenue function R is quadratic, her revenue will be maximzed at the sales level of = bowls for
which R'(z) = 0. Now R'(z) = 120 — 10z, and hence R'(z) = 0 when z = 12. Therefore her revenue is
maximized when she charges $12 per bowl.

(d) The maximum weekly revenue is R(12) = §720.

o

(b) Statements (iii) and (v) are true. The limit JL"&;. (—2)™ does not exist as the values oscillate between
large positive and large negative numbers. We also have that nli-]-r-?:n 3" = — lim 2" = —0.
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flz) = £+ 3, limgp fz) =4



104 CHAPTER 7T THE THEORETICAL BACKBONE: LiMITS AND CONTINUITY
Problem 6. Problem 7.
flz)=mz—4 flz)=l|z-2|
: (a) lim f(z) = —4 (a) lim f(z) =2
= {h}n&iﬂﬂx]=ﬂ—4%—-ﬂﬁ (b) lim f(z) =10
i : n
i (c) J_’-ﬂn flz) =00
H £(x)
£(x)
| 1 /
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-1
E 1
= =
=1 1 2 a2
-4
/ -1

Problem 8, Problem 9.
fla)=2£3 = 2D =g, D=z 2 flayd JPHL BT
(a) lim f(z) =0 (a) lim f(z) = 6
(b) Tim f(z) =2 (b) lim f(z) =11
' £(x) £(x)
11k ==
1
|
o —————— 7 +
i i
1
I
1 |
-1 1 z ] & 1 I
-1 ﬂl 1 é ] "




Problem 17.

lima—o e gF = V7
2]

.Pruhlem a.

. TR . . P e S
VTER=VT _ Jimy, g ‘-’i"‘xh{'“i ++}* VT) = limp—0 —7%'-—;7'?‘,‘[ e )
B

flz) = VT+z,a=0, f(0) = limy—o

Problem 3.

(a) 51_1.:;1_ R -0 (@) T]in]l_ W e
(b) lim —— =400 e -
st T -2 (b} Mmoo
(c) lim ! _ DNE, because the left- and right-hand limits are not equal. ¥ i Bwor.

il 1 (z —1)2
Problem 4. - ; x
=3 -1 ifz>3 (d) zkj.r_lu:z——l}_?-s;

=3

unde fined

x—3
f{;.:}:i;:_;d:{ S 1 ey

(a) :ﬁ_'%f(m} =-1
(b) lim f(z) =1

(c) lim f(z)=1
(@) lim ()= -1
(e) lim f(z) = DNE

lem 16.
Problem T

Let f(z) = G s
iiﬂf{m} =32 but fiz)="7

L

Problem 1.
(a) J :

() _lim (-2)=0

T—+—00

(1) Jim (~2) =0

T

(iii) ,'EEJ—E -3)=-3

i) d}ruhle:-n 6-

() Jim

(@) lim /(o) =2
(v) lim, f(z) =2

(¢) lim f(z) does not exist because ml_i:al_ flz)=

x—{

41 : T 5
I }_zlﬂ:gn.{l-l-g}_l

0y

s li =1
1 and 3_1."‘3+f (z)




® @ tim (-2 = tim ()= jim @) lin () =3-0=0

(i) ,lgn;q{—z-}ﬂum (-3 lim (2)=-3-0=0

{iii) ].u'n I:—E—E] |[—~3} hm{ J= lim (3)=-3-0-3=-3

T 00
1
T = =1
(iv) lim {— Jim (1+ } llm n (1) +z11.“§q|:¢:' 140
v) m]irgul:zx"-a}w lim (2+ > }-hm(2+hm{3} im (2) = 2+8-0=2
Probl 3.
T li e lim =2 -1
s i e
Problem 5. e
f‘l:il-'] n: —4 %{—?’—21 =x-2, _D‘_r txE =2 Problem 17.
g "2 is a removable point of discontinuity. We can define a function at © = —2 to make it
i = # -2 (&) Yes
continuous at -2. For example let f(z) = { £tz !
—4 pir = -2 (h} No

Problem 6.
There is a removable point of discontinuity at = = 0; it can be removed by defining f (0} =0.

=il

Problem 2.

(a) To approximate /102 use the graph of /= and its tangent line at = = 100, then /102 = 10+ 0.05(102 —
i)}

(b) flz)=vTatz=9 VBE=3+4(8-9)
) flzx) = T at © = 16; VI8 =4+ (18~ 16)

(d) f(z) = VT at = = 121; VII55 = 11+ 35(115.5 - 121)
Problem 5.
flz ] = v":E 7= 4

The slope of the tangent to f(z) is (3=~ i N R me T o
y= 3+r{‘.r 2?] }JE_E? 37 * € tangent 15 y 3 = 27{.1!

Hence ¥/30 = 3 + (30 — 27) ~ 3.111
Using calculator we check that /30 = 3.107

B el

Problem 1.
fllr) =6z 43322 —6z~°

27) or

Problem 2, ;
flz) =Lz -22%) = fla)=35(l-42)
Problem 3. : g
Product Rule. f'(z) = w|(6z + 7)(z —2) + (322 4 Tr + 1)] = n[62® — 122 + Tz - 14 + 32" + Tz +1]
w[0z® + 2z — 13]
Problem 4.

O (el 4d)=1{28) =
= Ui = il

Quotient Rule. f'(x)

Problem 5. 5
Quotient Rule. f'(z) = '“]';jl_ }m L = +2

Problem ﬁ ' ' e P
flx)=232=1+2z7", flz)= o=

2




Problem 7. RS o & 1}’% 5
fl@) = (32* + 72° — 5z) 2 = §2° + Tab — 527 = f'(z) = Fa? +422° — 10z

Problem 8,
f(z) = 027" + bex — bdz?, f'(z) = a2 + be — 2bdz = — & + b{c — 2dz)

Problem 9.
(2) flo) = T8 = L%+ 227), fi(x) = §(32° + 42)
2 2
(b) flo) = & = e8I 33 1974 571, P(a) =32 +2-2 2 =822 +2-
Problem 10.

() f@) = g == SR o, f@) =1
() f'(@) = -5 - 5
Problem 11.

(a) f'(z) =3z" -1
(b) fz)=-%

Problem 2.

(a) Let G(s) = the number of grains as a function of the s*" square. Thus G(s) = 2°7!, and hence
G(64) = 2% = 0.22 x 10'® grains of rice were allocated to the 64th square.

(b) Let W(s) = weight of rice at square s measured in grams. Thus W(s) = 0.02G(s) = 0.02(2°"!), and hence
W(64) = 0.02(2%%) = 0.02(9.22 % 10'®) == 1.844 x 10'7 grams, which is about (1.844 % 10'7)/(907.18 x
1000) == 2.03 » 10" tons of rice. This is about 500 times the world production of rice in 1980.

(c) squares total grains So the total mass is about 3.69 x 10'7 grams.
1 1=2T_1
2 142= =21
3 1+2+4= T=22_1
4 1+2+448=|156=2¢-1
B4 204 _ 1 22 1.84 »% 109 grains
[a2
Problem 32. § vy

gyt o¥(a¥4e™) g 2
(a) = T =x¥+4+5

) -z
s w4 [' w__ 2 m+ 7 i & -
(d) nyui_a:“ﬂy’}l = "—{ﬁ‘ﬁﬂm—u — -y
Problem 34, Problem 36.

(@) 0 (a) oo
(b) O (b} 0

Problem 35. Problem 37.
{a) -1 (a) T

(b) co (b) —oco




Problem 2. o P P9 10
Substituting ¢ = 149 into the formula, C(t) = Cy (1)"*"""., obtained in problem 1(a), we have: C(149) = \T]

Co (%)mmm = Cp(0.982137). Hence, 98.2% of the original Cy4 remained in 1999.

Problem 4.

(a) If the population was increasing linearly, then population P(t), where t is measured in years after 1970,
has the form P(t) = Cidat Dﬂ;}ﬂ- 1;'3 L ¢ 4+ 100,000 = 5000t + 100,000. In 1980, the population
would be equal to P(10) = 5000(10) + 1000,000 = 150,000 people.

i i i i = t Now P(20) =
b} If the population was increasing exponentially, then P(t) has the form P(t) = 100,000a
“ mum?}ui 200,000 = 1000a%0 = a = 2/20, Hence P(10) = 100,000(2'%*") =~ 141,421 < 141,422
people, which is less than 150,000 people.

Problem B.

Since we have an interval of 12 to 16 hours, we need to make two formulas: one for the slowest growth
scenario, and one for the quickest.

Let L(t) be the number of bacteria after ¢t hours, assuming a 12-hour doubling time. Then L{t) ==
10- 2412, Now 1000 = L(t) = 10- 2412 5 100 = 2¢/12 = In100 = In(2/'?) = In100 = (&) In2. =
t= 12 1n 100 == T9.73

g~ 19.T3

Let AM(t) be the number of bacteria after ¢ hours, assuming a 12-hour doubling time. Then M(t) ==
10 - 218, Now 1000 = L(t) = 10 - 2/16 = 100 = 2%/'® = In100 = In(2*/'%) = 1n100 = (%) In2. =
t = 180100 - 106.30.

If we begin with 10 bacteria that double in number every 12 to 16 hours, we can expect to see a 1000

bacteria in anytime from 79.7 to 106.3 hours. (Both values for ¢ above can be obtained using a graphing
calculator.)

a0

Problem 12.

(a) f(z) = E4EE = S (" +22)

mrm=ﬂﬁ5L__ _
(c) f'{$]=i"~”—57“2=5312(,“:§,7,iﬂ=:£1!_‘—15§

(xe?=)
Problem 15.

2
(a) Rewrite f(z) as z2e~® then using the Product Rule f'(z) = 2ze™" - ple=* = ==L

'_ﬂ

(b) f‘{x}}ﬂif%‘,ﬂi}ﬂ. Since e* > 0 for all ='s it is enough to solve 2z — z? > 0 which is (2 — z) > 0,
50 0 < z < 2. Thus f'(z) is positive if 0 < = < 2 and f'(z) is negative if <0and x> 2.

(c) f is increasing for z € (0,2) . f(z) is decreasing for z € (—oc0,0) and z € (2,00)
(d) The smallest value of f(z) is f(0) = 0, since 21;:{1 flz) =0 and E_IZ:PW flz) = oa.

Problem 10. | T —— —

(a) fllz) =122 — 242% = 122%(z - 2) = 0 = f'(x) = 12z%(x — 2) = x = 0 = = 2 are the critical points.
(b)
skoholf)

smary © O '@

b

The first derivative test implies that = 0 is neither a local maximum nor a local minimum point and
# = 2 is a local minimum point. Moreover, as £ = 0 is not an endpoint of the domain, it is not an
absolute maximum or minimum point As f(z) increases without bound as |z| increases without bound,
z = 2 is also the absolute minimum point.

(¢) The absolute minimum value is f{2) = —13, and there is no absolute maximum value.




Problem 11.

(a) From problem 10, = = 0 is a critical point. The endpoints of the domain [-1,1), z=-1and £ =1 are
also critical points.

(b) From problem 10, £ = 0 is neither a local maximum or minimum point nor an absolute ma:u:num or
minimum point. The point £ = —1 is the absolute maximum point. z = —1is the absolute minimum
point.

(¢) The absolute minimum is f(1) = —2, and the absolute maximum value is f(—1) = 14.

Problem 12.
{(a) From problem 10, £ = 2 is the only critical point.
(b) From problem 10, z = 2 is a local and absclute minimum point.

(c) The absolute minimum value is f(2) = —13, and there is no absolute maximum value.

Problem 13.
Note that 0 is not in the natural domain of f(z) since f(0) is undefined.

(o) Plaj = b 2'+22° -8 _ (@243)(e+1(E—1) _ o _ #(3) = o = —1 are critical points
b

mg xz - " w
z = 1. The point £ = 0 is not a critical point, because 0 is not in the domain of f.

.
@

- "EE

©

The first derivative test implies that £ = —1 is a local maximum point and = = 1 is a local minimum
point. As f{r) increases without bound as as r increases without bound, x = -1 is not an absolute
maximum point. As f(z) decreases without bound as as r decreases without bound, r = 1 is not an
absolute minimum point.

{c) There are no absolute minimum or maximum values.

Problem 14.

(a) From problem 13, x = —1 is a critical point. The endpoint & = —3 of the domain is also a critical point.

(b} The point = = —3 is neither a local maximum or minimum point nor an absolute maximum or minimum
point. From problem 13, £ = —1 is a local maximum point and is also the absolute maximum point.

(¢c) There is no absolute minimum value, and the absolute maximum value is f(—1) = — 4.

Problem 15.

(a) From problem 13, z = 1 is a critical point. The endpoint £ = 3 of the domain (0,3] is also a critical
point.

{b) From problem 13, & = 1 is a local minimum point and is also the abselute minimum point. The point
x = J is neither a local maximum or minimum point nor an absolute maximum or minimum point.

(¢) The absolute minimum value is f(1) = 42, and there is no absolute maximum value.




Problem 16. s ™ o

3% R
(a) fliz) = e ?iiﬂi;}?ﬂ{l} = {xiz.f.ﬂ? = 0 = f'(x) = = = 0 is the only critical point.
(b) : \

sheteh of fx) ,,-"’"J . \\‘3

oy @ " @

The first derivative test implies £ = 0 is a local and absolute
maximum point.

(¢) The absolute maximum value is f(0) = § and there is no absolute minimum value.

o)

Problem 3.

() f'(z) =32 +9z - 12=3(z+4)(z — 1); 0= f'(z) = z = —4 and = = 1 are the critical points.

(b) /"(z) = 62 +9. As f"(~4) < 0, z = —4 is a local maximum point; as f"(1) > 0, z = 1 is a local
minimum point.

Problem 4.
(a} f'(z) =5z* =5 ="5(z* —1) =0, s0 = = +1 are eritical points.

(b) 7"(x) = 20z°. Since f"(—1) = —20 < 0, f has a local maximum at = = —1. Since f"(1) = 20
» ==L =20>0
a local minimum at t =1 £ f hes

Problem 6.
(a) f'(z) = 6% —4z® = 2(32° — 2¢%) = 22*(32* - 2) =0, 0z =Oand z = iﬁm critical points.
(b) f"(z) = 30z* — 12z*. Since f”(0) = 0 the second derivative test fails. Alternative method is to look at

0% @! @@

the sign of f'.
Henmat::=:l:\/§_fhasalmalminimumsandatz=l]fhn.sa]uca] maximum.

Problem 7.

(a) f'(z) = 42® + 1222 = 4z%(z + 3); 0 = f'(z) = = = —3 and z = 0 are the critical points.

(b) f"(z) = 122? + 24z. As, f"(-3) > 0, z = -3 is a local minimum point. As f”(0) = 0, the second
derivative test does not apply. Moreover, as f'(z) is positive on (—3,0) U (0, cc), = 0 is neither a local
maximum nor & local minimum point.

Problem 8.
Domain z # 0.
(a) fi(z)==4H=; f'(z) =0 = 42 —4=0 = 2 =1 = z=1is a critical point

(b) From Second Derivative Test we conclude that = =1 is a local minimum [f"(1) > 0]
Problem 9.

(a) fliz)=¢e*"—1=0,50eF=1andx=0.
(b) Second Derivative Test f"(z) = €. Since f(0) =e® =1 >0, f has a local minimum at z = 0.

thlem 11.

(a) f'(z) ==z% — 42® + 422; f'(z) =0 & 2%(z® — 42 +4) = 0. So, the critical points are z =0 and z = 2.

(b) Second Derivative Test fails (f”(0) = 0). By First Derivative Test there is no local extremum (f' is
always non-negative)




Problem 12.

(a) f'(x) =122 — 242 + 6 = 6(22° — 42 +1); 0 = f'(z) = = = —0.452, = ~ 0.597, and = ~ 1.855 are the
critical points.

(b) f"(x) = 362 — 48z. f"(-0.452) > 0, f"(0.597) < 0, and f"(1.855) > 0, hence we have local minimum,
maximum, and minimum points, respectively.

!50;‘3|

Problem 1. . ;
The critical points oceur at the values of z for which f'(z) = ‘é’%lr is zero or undefined; hence z = 11is

the only critical point. As f'(z) = 0, for all 's, = = 1 is neither a local maximum nor a local minimom
point. f has no absolute extrema.
Problem 3.
Again let [ feet and w feet be the dimensions of the 90-square foot garden. Now lw =90 = [ = £, and
we proceed to minimize the perimeter function P(w) = 21 + 2w = 2(22) + 2w on (0, 00). We calculate
P'(w) = —15 4 2. hence, P'(w) = 0 when w = /00 = 3+/10. As P"(w) = ¥ > 0 for all w > 0,
P(3y/10) is indeed the minimum value of P on (0,00). Now w = 8v10 = I = 3% = 3V/10, and
therefore, the plot is a square.

Problem 6.

— = e —_

{a) critical points: —5,—1.5,2,4,5
(b) z=2
(c) =4
Problem 7.
(i) glz) =2f(x)
(a) stretching vertically by a factor of 2

a)
(b) we can obtain the new derivative from the old one by stretching it by a factor of 2.
(c) local minimum at = = —1; all points in (0, 1]

(ii} (a) shifting down three units to obtain the graph of j.
(b) the graph of j' is the same as the graph of f'.
(¢) local minimum at = = —1, and (0, 1
(i) (a) Where the graph of f lies above or on the x-axis the graph of m is identical. Where the graph of f
lies below the z-axis the graph of m is obtained by fipping the graph of f over the z-axis.

(b) On interval (0,4) the graph of m' is the same as f'. On interval (~2,0) the graph of m' is obtained
by Hipping the graph of ' over the T-axis.

(e} [0,1] - all points in.

(iv) (a) The graph of f is shifted two units to the right to obtain the graph of k.
(b) The graph of f' is shifted two units to the right to obtain the graph of &’
(¢) =1, and all points in (2, 3

(v) (a) The graph of f is horizontally compressed by a factor of 2 to obtain the graph of .

(b) The graph of f is horizontally compressed by a factor of 2 and then vertically stretched by a factor
of 2 to obtain the graph of ',

(¢)  =—1, and all points in (0, 1]




~ Problem 14.

&
The cost of the can is C' = k(2xrh) + 3#:[[523[2:“]2}, where k is a constant. As the volume of the can is e neiTa
V = nr?h = 250 cm®, we have that h = —?T;-,r As a function of the radius r, the cost can be expressed
88 C(r) = 2kmr(28) + 24kr? = B0k 4 24kr®. Now C'(r) = — 800k + 48Bkr, and thus C'(r) = 0 when

r= /128 ~ 2,18 cm. We see that C"(r) = 2% 4 48k > 0 for all r > 0, which implies that the minimum

. 250 20418
: oaf138 - § _ & - a
cost is achieved when r = vV 37 = mn:?.lEcm. If r = 'ﬁi’h‘_ S e = 16.68.
T\
Therefore the dimensions of the optimal can are a base radius of 2.18 ¢cm and a height of 16.68 cm.
Problem 20. BT

(a) P =2(10+ 2y) + 2(8 + 2x) = 36 + 4(z + ).

(b) The area of the matting material is A = (10 + 2y)(8 + 2z) — (10)(8) = 20z + 16y + 4y = 200 square
inches, from which we obtain y = “—'Eﬂi inches. As a function of , we have P(z) = 36 + 4(z + -%E-f?}

() Plz) =4 2. Plz)=0=0"+82—54=0= 2= =2¥B _ 4, /7 ~ 437 inches.
Now P/(z) = ;3% > 0 for all # > 0. Hence = —4 + /70 maximizes P(z). If & = —4 + /70 and

y = %%"’7‘%?2 =#4 3.37. The dimensions of the frame that minimize cost are 10 + 2y = 16.74 inches
by 8 + 2z = 16.74 inches.

)

Problem 21.

flz) = ~22% + 32% + 62 — 2 = f'(z) = —62®+ 62+ 6 = f”(z) = —122+ 6 = The point of inflection

is (%1151" (%jg) = (3:3). Now f' (1) = 1. The equation of the tangent line is (y — §) = ¥(z - 1) &
= _2'5.7 =g

- 90 on Next poge
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Problem 14,
flz) =2 +2®+z+1= f(z) =32 +22+1=0. Now 0 = f'(z) = z = =2
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real values of z for which 0 = f'(z) and consequently no critical points.

Problem 15.

=3 Hence there are no

flz) =222 +22 +7 = f'(z) = —62? + 22 = —22(3z - 1). Now 0= f'(z) 3 s =0orz = 3. We
compute f"(z) = —12z+2 and see that f”(0) = 2 > 0 and that f (}) = —2 < 0. Hence there is a local
minimum at z = 0 and a local maximum at z = 3. As #Ergﬁf{x} = —o00 and :_].l:rfl.m f(z) = oo, neither

of the local extrema are absolute extrema.

Problem 16.

flz) =2° +222 + 3z +4 = f/(z) = 322 + 4z + 3. Now 0 = f'(z) = z = 2V 2008 Hence there

are no real values of z for which 0 = f'(z) and consequently no eritical points.

Problem 17. Problem 18.
" "
& &
114301943, L4 3—-.‘;13!” Sfix) " Jix
H 2 2/3,32/27)
- -1 a4 o 1 P X 4 - 1 2 4
i 12,00
-4 -
-+ -
-8 -
119784103, f19/341/3) /
-18 -i8
=13 13
Problem 19. Problem 20.
" y*
3 fi) "
" (1/3-(18/3, L/3-413/3) Jix)
z 2
o, ol
z -1 s 3 X4 - -1

=2 [473,-32/27]
-4
-
-8

-8

=12

-
1M1/ 84173, F19/241/3)
-18

-12
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Problem 10. E’_‘J
P(z) = ke*(z —7)*(z+2), for some k 3 0. As lim P(z) = oo, k can be any positive number, and hence

the answer is not unigue.

Problem 11.
P(z) = k(z + 1)%, for some k # 0. As lim P(z) = oo, k can be any positive number, and hence the

answer is not unigue.

Problem 12. 5 f . .
P(z) = a(z — x)? + 2, for some a # 0. As 0 = P(0) = a(0 — 7)? +2, a = — 7. This answer is unique.
Problem 14. :
P(z) = k(z — 1)*(2 - z), for some k + 0. Now /& = P(0) = k(0 — 1)2(2 — 0) = k = . This answer is
unigue.
_Pmblem 16. e

(a) f(z) = —2® —2® bz = —w{a® + 2 +5). Now il a2+ 2+ 5= 0, then x = =20 wrich are not
real solutions. The only zero is x = 0.

(b) glz) = 0.5z* — 0.5 = 0.5(z + 1)(z — 1}(z + 1}. Now z? + 1 = 0 has no real solutions; hence, the zeros
are x = —1 and z = 1.

Problem 19. e
P(z) ?‘ — 223 — 62 4+ 12z = z(z — 2)(z® - 6) = z(z — 2)(z — vB)(zx + +/6). The zeros are z = 0,2, V6,
and —+/f.

Problem 20.
glz) =32 +3 =3(z +1)(z® —z+1). Now, as (=1} —4(1)(1) < 0, 22 — z+ 1 = 0 has no real solutions.
Hence, the zero is z = —1.

B

Problem 8.
The strategy here should be to use the z—intercepts to establish the factors of the appropriate polynomial
and then to use the additional point provided to determine the multiplicative factor.

(a) The zeros of the function are # = —2,1, and 2. As the graph has the shape of a graph of a cubic
polynomial, the function could have an equation of the form Plz) =k(z+2)(z—1)(x - 2), where k is a
constant. Because the graph has a y—intercept of 3, we have 3 = P(0) = k(04 2)(0 — 1)(0-2) = k=8,
Therefore, P(z) = 3(z + 2)(z — 1)(z — 2). ’

(b) This graph is the reflection of the graph in part (a) in the z—axis. Thus, P(z) = — %{m +2)(z—1)(z—2).

(¢) This function has an even order zero at & = —2 and an odd order zero at z = 0. As the graph has the shape
of the graph of a cubic polynomial, the function could have an equation of the form P(z) = kz(x + 2)%
Because the graph contains the point (1,2), we have 2 = P(1) = k(1)(1 + 2)? = 9% = k — 2. Therefore
P(z) = 2z(x + 2)? i :

Problem 12.

fa) (i) True.
(ii) False; P(x) = (z — 1}(x — 2)(z — 3)(z — 4)(z — 5) has 5 zeros.

(iii) False; P(x) = a® + = has derivative P'(z) = z* + 1 which is positive for all z, forcing P(z) to have
no turning points.

{iv) True.

(b) Statement (i} is true. Because P'(x) = 0 and P"(r) > 0, P(z) has a local minimum at = = m; because
P(z) has degree 5, it cannot have an absolute minimum.
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Problem 3. 35 = e

(a) The graph has no zeros and vertical asymptotes at = —1 and z == 2. The sign of y changes across
both of these vertical asymptotes, which implies that there are odd powers of (z + 1) and (z — 2) in the
denominator of the function. As there is a horizontal asymptote at y = 0, the degree of the numerator of
the t'unmm:rn is less than the degree of the denominator of the function. Hence the equation has the form
Yy = Eﬁ'ﬂ?’ﬁ’ where k is a nonzero constant. As y < 0 for |z ‘;:- 2, k < 0. For simplicity, we choose

k=-1. Thﬂrefm‘erv'*_ma_z}

(b) The graph has simple zeros at £ = —2 and r = 0 and a vertical asymptote at £ = —1. As the sign of y
does not change across the vertical asymptote, there is an even power of (z + 1) in the denominator of
the function. As there is a horizontal asymptote at y = 2, the degrees of the numerator and denominator
of the function are equal, and the lead the coefficient of the numerator is 2. Hence y = 3{“;(:—;'531

(¢) The graph has a simple zero at * = —2 and an even-ordered zero at z = 0. Thus, the numerator has
factors of (z + 2) and z%. There are vertical asymptotes at £ = —1 and £ = 1. The sign of y changes
across the vertical asymptote £ = 1 but not across z = —1. Thus, the denominator has factors of (z+1)?
and (z — 1). As there is a horizontal asymptote at y = 2, the degrees of the numerator and denominator
of the function are equal, and the lead the coefficient of the numerator is 2. Therefore, the equation has

the form y = zﬁn{;ﬁ@n.

y JH=E Ty i
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Problem 5.

E! 1588,6. ﬁi#il
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Calculating the derivative of f(z) = ’—;‘—”- via the quotient rule gives:

(32 + 2z)(2® — 4) — (2° + 2%)(22) _ (32% + 22° — 122 — 8z) — (22 + 27°)
f'(=x) = (22 — 42 (@ —a)

gt — 1222 — 8z _ z(z® — 122 - 8) _ 24 - 1222 — 8z
(2—42 —  (z2-4) (=2 — 4)*

Now, as f/(0) = 0, = = 0 is a critical point. A graphing calculator will verify that there is a local
minimum at £ = 0. Furthermore, a graphing calculator will find a local maximum at x = -3.0642, a
local minimum at T = —0.6946, and a local minimum at = = 3.7588.




Problem 12.

(i) The x-intercept is the origin; the y-intercept is the origin; the vertical asymptotes are x = £1; the
horizontal asymptote is the z—axis,
8

I
I
I
:
I
I
SR 155 4
: ¥

signofy - + | - +

(i),(iii) The z-intercepts are x = 0, 2; the y-intercept is the origin; the vertical asymptotes are © = 4+1; there
are no horizontal asymptotes.

signofy - +l+ o

(iv) The z-intercepts are x = (,2; the y-intercept is the origin; the vertical asymptotes are x = =+1; the
horizontal asymptote is y = 1.
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(v) The z-intercepts are = = 0,2; the y-intercept is the origin; the vertical asymptotes are x = +1; the
horizontal asymptote is the x—axis.

®=1

3456 6 7Xx8
y=0

(vi) The z-intercepts are = = 2, 3; the y-intercept is y = —6; the vertical asymptotes are z = +1; the hori-
zontal asymptote is y = 1.
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(vii) There are no z-intercepts; the y-intercept is y = 2; there are no vertical asymptotes; the horizontal
asymptote is the z-axis. Note that y < 0 for all values of z.

}.]-I

_‘

(vili) The z-intercept is the origin; the y-intercept is the origin; there are no vertical asymptotes; the harizontal
asymptote is y = —1. Note that y < 0 for all values of z.
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