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Ql

In exercises 3-6, find all critical numbers by hand. Use your
knowledge of the type of graph (e.g., parabola or cubic) to deter-
mine whether the critical number represents a local maximum,
local minimum or neither.

3. (@) f(x) =x*+5x~-1 (b) f(x) = =x* +4x+2
4. (@) f() =x"=3x+1 (b) f(x) = —=x + 6x* +2
5. () f)=2>=32+6x  (b) f(x) = =x* +3x% = 3x
6. (a) f(x) =x" =222 +1 b) f()=x" =32 +2

Q2+3

In exercises 7-24, find all critical numbers by hand. If avail-
able, use graphing technology to determine whether the crit-
ical number represents a local maximum, local minimum or
neither.

7. f(x) =x*—=3x>+2 8. f(x) =x*+6x* -2
9. f(x) = x3/% — 4x'/3 10. f(x) = (x3/° — 3x1/5)2
11. f(x) = sinxcosx, [0, 2x] 12. f(x) = V/3sinx+ cosx
PR 2 - _x2—-x+4
13. f() ="— 14. f(x) = "———
15. f(x) = >(e* + ™) 16. f(x) = xe~**

17. f(x) = x*3 4+ 4x'/3 4+ 4x~2/3  18. f(x) = x7/3 — 28x'/3

19. f(x) = 2.\'\/1‘ + 1 20. f(x) = x/\/:r2 + 1

21. f(x) = |x2 —1| 22. f(x) = Vx> — 3x2



Q4

In exercises 9-14, find all critical numbers and use the Second
Derivative Test to determine all local extrema.

9. f(x) =2* +4x* -1 10. f(v) =x* +4x° + 1
11. f(x) = xe™ 12. f(x) =e™
2 _ 2
13. f(x) =2 i" s 14, f()=2"1
Q5

In exercises 1-22, graph the function and completely discuss
the graph as in example 6.2.

11. f(x) = x+sinx 12. f(x) = sinx — cosx
13. flp= X 14. f(x) =x1 »?
15. f(x)= \/x2 + 1 16. f(x)= x-1

17. f(x)= ¥ =3x2 4+ 2 18. f(x) = x*—=3x2+42x

-~ 3
= 5/3 _ 52/ . FO)m B =i
1% f(x) =: 5: f(x) X

21. f(x) = e/ 22, f(x) = e'/¥



Q6

In exercises 1-22, graph the function and completely discuss
the graph as in example 6.2.

1. f(x) =2 = 3x* + 3x 2, fx) =x* =3x* +2
3. fx) = -2 +1 4. f(x) =x"+4x* -1
5. f)=x+ = 6. fl)m ™1
_ 4 ok 4
7. f(x) = =3 8. flx) = =
N B Ot
9. fx) = o 10. f(x) = = i

Q7+8

In exercises 5-28, find the general antiderivative.

5. ffih‘" - 3x) dv 6. f{f - N dx
7. f{w"— ljd:r 8, / 2y Y
- ; NE:
x/3 -3 X+ 234
9. f 57 i 10. f T dx
11. f[l sinx 4 cos x) dxy 12. /{:I COs8 X — 8inx) dx
13. /-E:u:uxlun X dx 14. f 4 dx
; ‘,r'] -y
15. /5:-'::-::4.1'{:':: 16. 4“"? X dx
sin” x

17. f{ﬂc" - 2)dx 18. f{fh — 2ty dx

19, / (3 cosx — 1/x) dx 20, '/-l[l"."1 <+ sin x) dx



Q9

4x ;
21, fx? i ix
23, /.H_ml dy [ Emﬂ X = }41'1'
J sinx
wl
25, f ix 26. / 2 0z
J e£+3 pd

27, [:‘f’{.‘rr"“ - 4} dx 28, f.lrz""“q’,rl.-“'fr1 — 3) dx

Q10

In exercises 9-14, evaluate the integral by computing the limit
of Riemann sums.

| 1
9, / 2x dx 10, / 2y idx
ik

¥

11. / x* dx 12. / (x* + 1) dx
{

]
13. /fﬂ.':-jiln'f.'l' 14, [h — 1) dx
g



Q11

In exercises 3-6, find all critical numbers by hand. Use your
knowledge of the type of graph (e.g., parabola or cubic) to deter-
mine whether the critical number represents a local maximum,
local minimum or neither.

3. (a) f() =x+5x—1 (b) f(x) = —x* + 4x +2
4. (@) f(x) =x*=3x+1 (b) f(x) = =x" + 6x* + 2
5. () f@=x-3+6x (b) f(x) = =" +3x% = 3
6. (@) flx) =x*-2x* +1 (b) f(x) =x*=3x+2

Q12

In exercises 7-24, find all critical numbers by hand. If avail-
able, use graphing technology to determine whether the crit-
ical number represents a local maximum, local minimum or
neither.

7. f(x) =x* =3x° 4+ 2 8. f(x) =x*+ 62 -2

9. f(x) =24 = 4x'/4 10. f(x) = (x*/° = 3x1/%)?

11. f(x) = sinxcosx, [0, 2x] 12. f(x)= \/-?;sinx-i- COS X
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In exercises 11-20, find (by hand) all critical numbers and use
the First Derivative Test to classify each as the location of a local
maximum, local minimum or neither,

11, y=2"+4x° -2 12, y=x =52 +1
13. y=xe™® 14. y=xie™
15. y =tan~'(x?) 16. y = sin"(l - \-'—)
X X
17. y= 18. y=
A T
19. y= Vx* + 322 20. y=x*3 4 4x1/3
Ql4

In exercises 1-8, determine the intervals where the graph of the
given function is concave up and concave down, and identify in-
flection points.

L f)=x=3+4x-1 2, f(x)=2"=6x*+2x+3
3. f)=x+1/x 4. f(x) =x+3(1-x)"°
5. f(x) = sinx = cos x 6. f(x) =tan"'(x%)

7. f(x) =x"° 4 4x1/3 8. f(x) = xe®
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In exercises 22-19, compute sums of the furm f{x‘]m for

the given values of x,.
19. fix]
20. fix) =3x

21. fi)=4r —2x=21,22,2324,...,

2. fl) =

Qle

=x' +4x;x=0204,060810;Ar=02; n=5

Ax=01:n=10

Ar=01; n=10

+3xr=0408121620Ax=04 n=>5

3.0

P4 4x=205215 225235, 295

In exercises 35-38, use the given function values to estimate
the area under the curve using left-endpeint and right-end point

evaluation,
35.
X 00| 01 02| 03| D4 | 05| 06 07| DB
fix)| 20 24| 26| 27| 26| 24| 20] 14| 0.6
36.
X oo 02 04 06| D8 1.0 1.2 14| 1.8
fix})| 20 22| 16 14| 16| 20| 22| 24| 2.0
37,
» 1.0 | 11 1.2 1.3 1.4 15| 16| 1.7 | 1.8
i) 1.8 1.4 1.1 0n.7 1.2 14| 1.8 24 | 2.4
38,
x 1.0 1.2 1.4 1.6 1.8 20| 22| 24| 2.6
Sy | 00| 04| 06| OB 1.2 1.4 1.2 1.4 1.0




Q17

In exercises 15-20, write the given (total) area as an integral or
sum of integrals.

15. The area above the x-axis and below y = 4 — x*

16. The area above the x-axis and below y = 4x = x°

17. The area below the x-axis and above y = x* - 4

18. The area below the x-axis and above y = x* - 4x

19. The area between y = sinx and the x-axis for0 <x < n

20, The area between y=sinx and the x-axis for

n T
—_S-I.S—o

2 1

Q18

In exercises 29-32, use the Integral Mean Value Theorem to es-
timate the value of the integral.

r i3 2
29, / 3 cos e iy an, f ¢ dx
xi i

2 1
s [ Vaiyi 32, [ R
L -1

In exercises 33 and 34, find a value of ¢ that satisfies the con-
clusion of the Integral Mean Value Theorem,

33, f 3 dx (= 8) 34, / (v = 2 dx (= 3)
-] '

[



Q19

In exercises 37 and 38, assume that “ﬂﬁ flxydr =3 and
S gt) dx = 2 and find

v 3
37. (a) / [F(x) + glx)] dx (b / [2f(x) = g{x)] dx
i il

Q20

In exercises 1-18, use Part 1 of the Fundamental Theprem to
compute each integral exactly.

5 { WV 2 H =N &
; /I- [x :r+;:]ai.1 ﬁf {43.—}-1. dx
| : - Y. Ay
7 [ e s dax 5. / (u) s
Ji Ji e

& 7
9, {2 sinx — cosx) dx 10, / 3escx ooty dx
rl2 ad
i w il
11. sec flan ¢ df 12. / sect
1 S0

13, 14.

J=1
3 1

15. f —_— it 15./ Mt — 2) dt
0

| !
r - » r -~ "
17 f (e*/%)? dx 18, f (sin® x + cos® &) dy
o

(]

| —
||
s
=¥
=
=l
i
+ 1| &
=
| ]
-
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In exercises 5-30, evaluate the indicated integral.

5. /‘:r“v":r‘ + 3y b, fah 4+ 10x dr

".'-".f sinx dx 8. f::":n'"‘rms::ri.r
yLﬂ'-.T
9, /Fumr‘dr 10. f.-:in.r[fusr+3".l"“|fr
11. /xf"*'.fx 12, fm’wndx

-
13, LVF dx 14, / "“"i_l“; 2 e

X

Q22
15. [-—-":” : 16, [:-;Ln::.'r Lan x-dx

: 1 .
17. j R T—— | 18. / v
Vi i+ 1) vt 44

4 e
19. I[ m Jj.\." 1']1. flr]“ l'l. if."i'
{sin~" ¥)°
21. nf.T 22. ] v sec? Y
V1-x
23, ( i‘l}f {x f n":r
1.,!"1 —r‘
Iillalf,ﬁ+fdr l+‘
25. (a) f 143 4 (b) 1‘:; i

Jwﬁ* w/x
26. (a) f1+.\“] dx (b} _/T;_IEHII
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. A three-sided fence is to be built next to a straight section of

river, which formsthe fourthside ofa rectangular region. The
enclosed area is to equal 1800 ft*, Find the minimum perime-
ter and the dimensions of the corresponding enclosure.

A three-sided fence is to be built next to a straight section of
river, which forms the fourth side of a rectangular region.
There is 96 feet of fencing available. Find the maximum
enclosed area and the dimensions of the corresponding
enclosure.

. A two-pen corral is to be built. The outline of the corral

forms two identical adjoining rectangles. If there is 120 ft of
fencing available, what dimensions of the corral will maxi-
mize the enclosed area?

A showroom for a department store is to be rectangular
with walls on three sides, 6-ft door openings on the two fac-
ing sides and a 10-ft door opening on the remaining wall.
The showroom is to have 800 ft* of floor space. What di-
mensions will minimize the length of wall used?

. Show that the rectangle of maximum area for a given

perimeter P is always a square.

. Show that the rectangle of minimum perimeter for a given

area A is always a square.

A box with no top is to be built by taking a 6 in-by-10 in
sheet of cardboard, cutting x-in squares out of each corner
and folding up the sides. Find the value of x that maximizes
the volume of the box.
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45,

46.

47.

48.

19,

Determine the position function if the velocity function is
p(f) = 3 — 12f and the initial position is s(0) = 3.

Determine the position function if the velocity function is
o(t) = 3¢~ — 2 and the initial position is s(0) = 0.

Determine the position function if the acceleration function
is a(f) = 3sinf + 1, the initial velocity is #(0) = 0 and the ini-
tial position is s(0) = 4.

Determine the position function if the acceleration function
is a(f) = £* + 1, the initial velocity is (0} = 4 and the initial
position is s(0) = 0.

Sketch the graph of two functions f{x) corresponding to the
given graph of y = f’(x).
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19. Suppose a 6 ft-tall person is 12 ft away from an -18 I
ft-tall lamppost (see the figure). (a) If the person is
moving away from he lamppost at a rate of 2 ft/s?
at what rate is the length of the shadow changing? 18 ft

(Hint: Show that T | )(b) Repeat with the person

6 ft away from the lamppost and walking toward the lamp-
post at a rate of 3 ft/s. =

20.

21.

22.

23.

24.

25.

26.

X4s5 _§

- x

61t

e

. A

Bovle’'s law for a gas at constant temperature is PV = ¢,
where P is pressure, V is volume and ¢ is a constant. As-
sume that both P and V are functions of time. (a) Show that
P/ V() = —c/ V2. (b) Solve for P as a function of V. Treat-
ing V as an independent variable, compute P’ (V). Compare
P(V) and P’(t) / V() from parts (a) and (b).

A dock is 6 ft above water. Suppose vou stand on the edge of
the dock and pull a rope attached to a boat at the constant
rate of 2 ft/s. Assume that the boat remains at water level.
At what speed is the boat approaching the dock when it is
20 feet from the dock? 10 feet from the dock? Isn’t it sur-
prising that the boat’s speed is not constant?

Sand is poured into a conical pile with the height of the pile
equalling the diameter of the pile. If the sand is poured at a
constant rate of 5 m?/s, at what rate is the height of the pile
increasing when the height is 2 meters?

The frequency at which a guitar string vibrates (which deter-
mines the pitch of the note we hear) is related to the tension
T to which the string is tightened, the density p of the string
and the effective length L of the string by the equation

f = 21_1_.' I- By running his finger along a string, a guitarist

can change L by changing the distance between the bridge

and his finger. Suppose that L = % ft and ﬁ = 220 ft/s so
o

that the units of f are Hertz (cycles per second). If the gui-

tarist’s hand slides so that L7(f) = —4, find f7(#). At this rate,

how long will it take to raise the pitch one octave (that is,

double /)7?

Suppose that you are blowing up a balloon by adding air at
the rate of 1 ft°/s. If the balloon maintains a sPherical shape,
the volume and radius are related by V = ~ . Compare
the rate at which the radius is changing when » = 0.01 ft
versus when r = 0.1 ft. Discuss how this matches the expe-

rience of a person blowing up a balloon.

Water is being pumped into a spherical tank of radius 60 feet
atthe constantrate of 10 ft?/s. (a) Find the rate at which the
radius of the top level of water in the tank changes when the
tank is half full. (b) Find the height at which the height of the
water in the tank changes at the same rate as the radius.

Sand is dumped such that the shape of the sandpile remains
a cone with height equal to twice the radius. (a) If the sand
is dumped at the constant rate of 20 ft’/s, find the rate at

which the radiusis increasingwhen the heightreaches 6 feet.

e

Exercise 19



