CHAPTER 1
Functions

SECTION 1.1

10.

Answer true or false. Given the equation y = 2 — 10z + 16, the values of z for which y = 0 are 2
and 8.

Answer true or false. Given the equation y = z® — 2z +4, y > 0 for all z > 0.
Answer true or false. Given the equation y = 8 — ¥z, y = 2 when z = 0.

Answer true or false. Given the equation y = —z?+ 32 —4, it can be determined that y has a minimum
value.

Answer true or false. Referring to the graph of y = vz2, y can be determined to have a minimum
value.

i

x=0 =0

Assume the temperature of an experiment varies according to y = 2? — 12z, where z represents the
time in seconds after the experiment starts. After how many seconds will the temperature first become
positive?

A 1ls B.12s C.13s D.14s
Use the equation y = z? — 2z — 24. For what values of z is y > 07

A {z:4<zx<6} B.{z:z< —6orz>4}
C.{z:-4<z< -6} D.{z:z< —-4orz>6}

From the graph of ¥ = 2 — 2 determine for which value(s) of z where y = 0.

x=0 [ =0

A0 B.1 C.0,1 D. -1,0,1

From the graph of y = —22% — 4z + 2 determine the maximum value of y.

FA

A

A -4 B. 4 C. -2 D.2

From the graph of y = 322 + 6z — 2 determine at what z the graph has a minimum.

V-

x=0 p=-2




11.

12.

13.

14.

15.

True/False and Multiple Choice Questions
From the graph of y = z* — 16 determine for what z values the graph appears to be below the z-axis.
’ 1

x=0 k v=-1f

A. (-2,2) B. (0,2) C. (-5,0) D. (-6,0)
Assume it is possible to measure the observations given below. Which, if any, would most likely
generate a broken graph?

A. the speed of the wind over a given time period

B. the number of teddy bears made in a day

C. the brightness of a light as the distance from the light changes

D. none of the above

Answer true or false. The electricity supplied to a light bulb that is turned on and off frequently will
generate a broken line graph, when plotted against time.

A rectangular solid has a prescribed surface area. It would have a minimum volume if
A. the length, width, and height are all equal
B. the length is twice the width, and the height equals the width
C. the length equals the height, and the length is ’cvs}ice the width
D. the length is twice the width and is three times the height
A graph has the shape y = z? + 8z + 12. It has
a maximum only

A

B. a minimum only

C. both a maximum and a minimum
D

neither a maximum nor a minimum



Section 1.2

SECTION 1.2

10.

11.

12.

13.

Answer true or false. If f(z) = 4x% — 4 then f(1) = 0.

Answer true or false. If f(z) = %, then f(0) =0.

1
flz) = m — 2. The natural domain of the function is
A. all real numbers
B. all real numbers except 1
C. all real numbers except —1 and 1

D. all real numbers except —1, 0, and 1

2
Use a graphing utility to determine the natural domain of h(z) = ||—$5
x ——

A. all real numbers

B. all real numbers except 5

C. all real numbers except —5 and 5

D. all real numbers except —5, 0, and 5
Use a graphing utility to determine the natural domain of g(z) = /22 - 9.
A {z:-3<2<3} B.{z:z<-3o0r3<z}

C.{z:z>-9} D. {z:z> -3}

Answer true or false. f(z) = |z+4| can be represented in the piecewise form by f(z) = {

2
s . - L oo -2
Find the z-coordinate of any hole(s) in the graph ot f(x) = xe Z
A2 B. -2 and 2 C. -2 D. —2,0,and 2
2 -9 .
Answer true or false. f(z) = ~ 3 and g(z) = z + 3 are identical except f(x) has a hole at z = 3.

Use a graphing device to plot f(¢) = tan (%t) Find f(1).

A0 B. 1 C. -1 D. undefined
Light intensity varies over time in seconds according to I(t) = 3t? — ¢, due to changing voltage. Find
the intensity of the light at { =2 s.

A. 10 B. 14 C. 12 D.1

Answer true or false. If a kite is flying at h(¢) = sin(tw) + 20 meters where ¢ is time in seconds, what
is the height of the kite at t = 1 s?

A 2lm B. 20 m C.19m D. 205 m

The speed of a boat in miles/hour for the first 10 minutes after leaving a dock is given by f(x) = %
Find the speed of the boat 6 minutes after leaving the dock.

A. 18 miles/hour B. 36 miles/hour
C. 2 miles/hour D. 6 miles/hour
Find f(2) if f(z) = {2°, ifz <2 and 2® + 1 if z > 2}.

A 2 B. 8

C.5 D. It cannot be determined.

z+4, ifz <0
—z+4, ifz>0.



14.

15.

True/False and Multiple Choice Questions
24215
Determine all z-values where there are holes in the graph of f(z) = (i—++2)%c——3_)2
A -2,3 B. -2 C.3 D. none

If f(z) =5+ (z — 2)%, f(3) =
A. 25 B. 30 C. 4 D.6
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SECTION 1.3

10.

11.

12.
13.

14.

15.

Answer true or false. If the window on a graphing utility is set with —10 < <10 and —10 <y <10
the graph of f(z) = 2° — 3z + 4 has a minimum that appears in the window.

Answer true or false. If the window on a graphing utility is set with —10 < z <10 and —10 <y < 10
the graph of f(z) = 2? + 12 has a minimum that appears in the window.

The smallest domain that is needed to show the entire graph of f(z) = /100 — z? on a graphing
utility is

A -10<zx<10 B.-5<z<5 C.o<z<10 D.o<z<5b
The smallest range that is needed to show the entire graph of f(z) = /144 — 22 on a graphing utility
is

A 0<y<6 B.6<y<6 C.0<y<10 D. -12<y<12

Answer true or false. If xScl is changed from 1 to 2 it is necessary that yScl also be changed from 1 to
2.

Using a graphing utility y = pe f B can be determined to have many false line segments on a
—10 € £ €10 domain?
A3 B.0 C.1 D.2

How many functions are needed to graph the ellipse z? + 2y%> = 14 on a graphing utility?
Al B.2 C.3 D. 4

A student tries to graph an ellipse on a graphing utility, but the graph appears to be a circle. To view
this as an ellipse the student could

A. increase the range of B. increase the range of y
C. increase xScl D. increase yScl
z—1, ifx<2
Answer true or false. A student wishes to graph f(z) = {w2, if 2 < x < 4. This can be accom-
3 .
xz°, ifz >4

plished by graphing three functions, then sketching the graph from the information obtained.
The graph of f(z) = v — 2 touches the y-axis

A. nowhere B. at 1 point C. at 2 points D. at 4 points
The graph of f(x) = z? — 2 crosses the z-axis

A. nowhere B. at 1 point C. at 2 points D. at 3 points
Answer true or false. The graph of f(z) = |z| — 2 is nowhere negative.

Which of these functions generates a graph that goes negative?

A. f(z) =|cosz] B. G(z) = | cos|z||
C. h(z) = cos|z| D. F(z) = |sinz| + | cos z|

Answer true or false. The graph of f(z) = vz + 2+ 5 can be shown on a graphing utility’s window
of -2<z<2and -5<y<5.

Answer true or false. All windows on graphing utilities must be symmetric about the origin.



True/False and Multiple Choice Questions

SECTION 1.4

10.

11.

12.

\/ \ /S

The graph on the left is the graph of f(z) = z2. The graph on the right is the graph of
A y=(f(z)+4)? B.y = (f(z) - 4) C.y=f(z)—-4 D.y=f(z)+4
The graph of y = 14 v/ + 2 is obtained from the graph of y = \/z by

A. translating horizontally 2 units to the right, then translating vertically 1 unit up

B. translating horizontally 2 units to the left, then translating vertically 1 unit up
C. translating horizontally 2 units to the right, then translating vertically 1 unit down
D. translating horizontally 2 units to the left, then translating vertically 1 unit down
The graph of y - (z +1)* and y = —(z + 1)* are related. The graph of y = —(z + 1)* is obtained by
A. reflecting the graph of y = (z + 1)* about the z-axis
B. reflecting the graph of y = (z + 1)* about the y-axis
C. reflecting the graph of y = (z + 1)* about the origin
D. The equations are not both defined.

The graphs of y = /z and y = —3vx — 2+1 are related. Of reflection, stretching, vertical translation,
and horizontal translation, which should be done first?

A. reflection B. stretching
C. vertical translation D. horizontal translation

Answer true or false. f(z) = z” and g(z) = z + 3. Then fg(z) = 2° + 3z.
Answer true or false. f(x) =z and g(z) = z — 2. f/g has the domain (—o0, c0).

f(z) =2’ and g(z) =3 - 2. fog(x) =

A z* -2 B. (z - 2)* C.vz3-38 D. vzt + 223
f(x) = |(z + 2)9| is the composition, f o g(z), of

A. f(z) =z +2; g(z) = |2°| B. f(z) = (z+2)° g(2) = |2

C. f(z) = Vz +2; g(z) = [2°| D. f(z) = 2% g(z) = |z + 2|

f(z) =z — 2. Find f(2z).

A 2r—-4 B. 2z -2 C.x;Z D. 2z% — 2z
f(z) = 22 + 2. Find f(f(z)).

Azt +4 B. 42 +4 C.z*+40° +4 D. z* + 427 + 6

f(z) =sinz is

A. an even function only B. an odd function only

C. both an even and an odd function D. neither an even nor an odd function
f(x)=11is

A. an even function only B. an odd function only

C. both an even and an odd function D. neither an even nor an odd function
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13.

14.
15.

16.

Answer true or false. f(z) =

f(z) = z* + 5 cosx is symmetric about

A. the z-axis B. the y-axis

f(z) = 2° — sinz is symmetric about

A. the z-axis B. the y-axis

s:w

vz? —sinz is an even function.

C. the origin

C. the origin

an odd function only
eit

her an even nor an od

(W
=+

D. nothing

D. nothing

~



True/False and Multiple Choice Questions

SECTION 1.5

10.

11.

12.

13.

14.

15.

Answer true or false. The points (2,3), (3,5), and (5,9) lie on the same line.

A particle, initially at (—2,1), moves along a line of slope m = 3 to a new position (z,y). Find y if
=2

A.8 B. 13 C. 16 D.5

Find the angle of inclination of the line —4x — 6y = 2 to the nearest degree.

A. 56° B. —56° C. 34° D. -34°

The slope-intercept form of a line having a slope of 6 and a y-intercept of 2 is

A x=6y+2 B.y=6x+2 C.y= -6z -2 Dz=-6y-2
Answer true or false. The lines y = 2z + 4 and y = 2z + 1 are parallel.

Answer true or false. The lines y = x + 3 and x + y = 4 are perpendicular.
=

x=0 / w5

The slope-intercept form of the equation of the graphed line is
A y=2x-5 B.y=2zx+5 C.y=-2x+5 D.y=-2x-5

A particle moving along an t-axis with a constant velocity is at the point x =1 when ¢ =0 and z = 2
when t = 4. The velocity of the particle if z is in meters and ¢ is in seconds is

1 1
A 4m/s B. -4 m/s C. 1 m/s D. -1 m/s

Answer true or false. A particle moving along an t-axis with constant acceleration has velocity v = 4
m/s at time ¢ = 1 s and velocity v = 6 m/s at time ¢t = 2 s. The acceleration of the particle is 4 m/ s,

Answer true or false. A baseball is pitched at 90 mi/hr and hit by a batter to second base at 96 mi/hr.
The average speed of the ball is 93 mi/hr.

Answer true or false. A spring is stretched from its natural length 20 cm by a 20-N force. How much
would it stretch if a 60-N force were applied to it instead?

A. 30 cm B. 60 cm C. 120 cm D. 40 cm

Answer true or false. A particle moves with a velocity, in cm/s, according to the equation v = 3 —2t.
At t = 1 the velocity is

A. 2 cm/s B. 1 cm/s C.0cm/s D. -1 cm/s
Answer true or false. A particle moves with an acceleration in cm/s® given by a = 3t2+2t. Att=3
the acceleration is

A. 33 cm/s? B. 9 cm/s? C. 5 cm/s? D. 18 cm/s?
Power in watts for a circuit is given by P =T 2R, where I is the current in amperes. A certain circuit
has a constant value of resistance, R, given by R = 10Q. Find the power when the current is 2 amperes.
A2w B.20w C. 40w D. 100 w
Answer true or false. A spring has a natural length of 1.0 m. If 5 kg is hung from the spring, the

spring stretches to 1.1 m. If an additional 5 kg is added to the mass hanging from the spring the
length of the spring increases to 2.2 m.
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SECTION 1.6

1.

10.

11.

12.
13.

14.
15.

What do all members of the family of lines of the form y = ax + 2 have in common?
A. Their slope is 2.
B. Their slope is —2.
C. They go through the origin.
D. They cross the y-axis at the point (0,2}.

What points do all graphs of equations of the form y = ¥/z, n is even, have in common?

A. (0,0) only B. (0,0) and (1,1)
C. (-1,-1), (0,0), and (1,1) D. none

ﬂ |
x=0 w=

The equation whose graph is given is

1 1
A y=+x B.y=+vz Cy== D.y=—
z x
Answer true or false. The graphof y = —2(x+5)1/ 3 can be obtained by making vertical and horizontal

shifts of the graph of y =z + 5.

Answer true or false. The graph of y = z? — 4z + 4 can be obtained by transforming the graph of
y = 2 to the right 2 units.

Answer true or false. There is no difference in the graphs of y = {/|z| and y = |/z|.

z
i i fy=—-o—-!.
Determine the vertical asymptote(s) of y 13,18
Az=-6,2=3 B.z=6 C.z=-3,z=6 D.z=3
r-1
Find th tical tot fy=——n.
ind the vertical asymptote(s) of y p R
A x=0 Bz=0,xz=2 C.rx=2 Dx=-2,2=0
For which of the given angles, if any, is the sin and tan positive and the cos negative?
T 27
A = B. —
3 3
47 .
C. — D. No such angle exists.

3

Use the trigonometric function of a calculating utility set to the radian mode to evaluate tan (g)

A. 0.0110 B. 0.0000 C. 0.7265 D. 0.8241

A cylinder is turned on its side and rolls. The cylinder has a diameter of 4.00 m turns through an
angle of 180°. How far does the cylinder travel?

A. 628 m B. 200 m C.2.00m D.4.00 m

Answer true or false. The amplitude of sin(2z — 7) is 2.

Answer true or false. The phase shift of 6 cos (x — g) is —g—.

2T

Answer true or false. The period of y = sin (5.10 — %) is =

Answer true or false. A force acting on an object, F' = ka2, that is directly proportional to the square
of the distance from the object to the source of the force is found to be 25 N when £ = 1 m. The force
will be 100 N if z becomes 2 m.
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True/False and Multiple Choice Questions

SECTION 1.7

[k
kS

10.

11.

12.
13.

14.

15.

o=t andy=sin{t) (0<t<4 4), where t is time in seconds, describe the motion of particle
-4 \ 2 / \Y — — /1 7 I o4 ALy

then the z- and ycoordinates of the position of the particle at time ¢t = 5 are

A. (25,-1) B. (25,1) C. (25,0 D. (5,0)

Answer true or false. Given the parametric equations z = 2¢ and y = 6¢+2, eliminating the parameter
t gives y = 3z + 2.

Use a graphing utility to graph = 6sint and y = 3cost (0 < ¢t < 27). The resulting graph is

A. A circle B. A hyperbola C. An ellipse D. A parabola
Identify the equation in rectangular coordinates that is a representation of x = 3cost, y = 2sint

(0<t<2n).
2 2

A 322+ 22 =1 B. 02% + 4y° = 1 c T +L o DL Y
T° + 2y z° + 4y 3 + 5 9 ) 1
Answer true or false. The graph in the rectangular coordinate system of z = sint, y = tant (0 <t <

7 /2) is an ellipse.

IA

Answer true or false. The parametric representation of z? + y2 =4isx =2sint, y = 2cost (0< ¢
27).

The circle represented by = 5 + 2cost, y = 1 4+ 2sint (0 < ¢t < 27) is centered at

A. (1,5) B. (5,1) C. (-1,-5) D. (-5,-1)
Answer true or false. The trajectory of a particle is given by z = t2, y =t has the shape of a parabola
that opens upward.

Answer true or false. x = ¢, y =t (1 <t < 3) is the parametric representation of the line segment
from P to Q, where P is the point (1,1) and Q is the point (3,3).

x =t,y = a, where a is a constant, is the parametric representation of a

A. horizontal line B. vertical line
C. line with slope +1 D. line with slope —1

Use a graphing utility to graph z = —2y% 4 3y 4 6. The resulting graph is a parabola that opens

A. upward B. downward C. left D. right

Answer true or false. z =t? — 1, y = 3t represents a curve passing through the point (0,3).

The parametric form of a vertical line passing through (3,0) is

A rx=t,y=3 B.z=3,y=t C.x=t,y=-3 Dz=-3y=t

Answer true or false. The curve represented by the piecewise parametric equation x = 5¢, y = 2t
(0 < 2); 2 = 5%, y = 2 (2 < t < 4) can be graphed as a continuous curve over the interval (0 < ¢ < 4).

Answer true or false. An arrow is shot at an angle of 60° above the horizontal with an initial speed
vo = 70 m/s. The arrow will rise 188 m (rounded to the nearest meter).
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CHAPTER 1 TEST

10.

11.

12.

13.
14.

15.

16.

Answer true or false. For the equation y = 2% — 11z + 24, the values of z that cause y to be zero are
—3 and 8.

Answer true or false. The graph of y = z? — 2z + 6 has a maximum value.

A company has a profit/loss given by P(z) = 0.1z2 — 4z — 10,000, where z is time in days, good for
the first 20 years. After how many days (rounded to the nearest day) will the graph of the profit/loss
equation become 07

A. 426 days B. 400 days C. 320 days D. 337 days
5

Use a graphing utility to determine the natural domain of g(z) = (gg_—?T)_3
A. all real numbers B. all real numbers except 3
C. all real numbers except —3 D. all real numbers except —3 and 3
Answer true or false. If f(z) = z®, then f(1) = 1.

-2
Find the hole(s) in the graph of f(z) = 52 —
A rx=2 B.z=-2 C.z=-22 D.z=-2,0,2

2
A worker completes n(t) = % + 2t + 1 items after ¢ hours of work on a production line, where ¢ is

time given in hours. How many items does the person complete in the first 5 hours of work?

A 12 B. 11 C. 10 D. 36
Use a graphing utility to determine the entire domain of f(z) = /256 — z*.
A. all real numbers B.0<x<16 C.-16<z2<16 D 4<x<4
Answer true or false. The graph of f(z) = |z — 4| touches the z-axis exactly once.
23—~ 1

Answer true or false. The graph of y = has a false line segment on a graphing utility on the
domain —10 <z < 10.
The graph of y = z° + 2 is obtained from the graph of y = z3 by
A. translating vertically 2 units upward
B. translating vertically 2 units downward
C. translating horizontally 2 units to the left
D. translating horizontally 2 units to the right
If f(z) = +/z and g(z) = z*, > 0, then go f(z) =
Az B. z? C. 2t D. ¥z
Answer true or false. f(x) = |z|+ 2* is an even function.

A particle initially at (0,3) moves along a line of slope m = 5 to a new position (z,y). Find yif z = 5.

A 25 B. 28 C.3 D.5
The slope-intercept form of a line having a slope of 2 and a y-intercept of 4 is
Alx=2y+4 B.z=2y—4 C.y=2x+4 Dy=2xz-14

x=0 p=0

The equation whose graph is given is
A y=2° B.y=—2° C.y=vz D.y=-Vz
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17.
18.

19.

20.

21.

True/False and Multiple Choice Summary Test

Answer true or false. The only asymptote of y = isy=0.

x
22+z+1
A ball of radius 2 cm rolls through an angle of 30°. How far does the ball travel while rolling through
this angle? (Round to the nearest hundredth of a centimeter.)

A.052cm B. 1.05 cm C.419cm D. 8.38 cm

If z = 2t and y = sin(nt) (0 < ¢t < 2), where t is time in seconds, describe the motion of a particle,
the z- and y-coordinates of the position of the particle at ¢ = 0.5 s are

A. (1,0) B. (-1,1) C. (0,1) D. (1,1)
The ellipse represented by x = 2cost, y = 4sint (0 < t < 27) is centered at
A. (2,4) B. (-2, -4) C. (v2,2) D. (0,0)

The graph of z = 6 + 3cost, y = 7+ 5sint (0 <t < 27) is
A. a circle B. a hyperbola C. an ellipse D. a parabola
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CHAPTER 2
Limits and Continuity

SECTION 2.1

— |

=} p=hy

The function f(z) is graphed. lirg_ flz)=
A0 B.4 C.2 D. undefined

2. \Hk i
T

Answer true or false. For the function graphed lin% f(z) is undefined.
z—

x=0 EEL]

2 __ 9 2 9
3. Approximate the lim z by evaluating f(x) = z 3 at z = 4, 3.5, 3.1, 3.01, 3.001, 2, 2.5, 2.9,
P e 2

3x—3 T —
2.99, and 2.999.
A6 B. -9 C.0 D. -6

4. Answer true or false. If lil’{)l+ f(z) =6 and lirg_ f(z) =6, then lin}) f(z)=6

5. Approximate the xli'r_%_ ;%6 by evaluating f(z) = = f_ 5 at appropriate values of z.
Al B.0 C. o0 D. —
6. Approximate the limit by evaluating f(x) = Sz at appropriate values of z. lim ST
©APP Y & " sinz pprop " zo0- sinz
1
Al B.5 C. 3 D. o
sinz i
7. Approximate the limit by evaluating f(z) = —~ at appropriate values of z. 1irr(1) % =
T
Al B. -1 C.0 D. oo
V4 1-1 iV 1-1
8. Approximate the limit by evaluating f(z) = ——% at appropriate values of z. liI{)l verlzl_
z—0- T
1
9. Use a graphing utility to approximate the y-coordinates of any horizontal asymptote of y = f (z) =
6 — 8
z+2°
A 6 B.1 C. None exist. D. -4
10. Use a graphing utility to approximate the y-coordinate of any horizontal asymptote of y = f(x) =
sinz
-

A0 B.1 C.-land1 D. -1
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11.

12.

13.

14.

15.

True/False and Multiple Choice Questions

Use a graphing utility to approximate the y-coordinate of any horizontal asymptote of y = f(z) =
3
z°+5

z—3
A0 B. None exist. C.1 D.—1land1

5 z
Answer true or false. A graphing utility can be used to show f(z) = (1 + ;) has a horizontal

asymptote.

1 2z
Answer true or false. A graphing utility can be used to show f(z) = (10 + _Z—x) has a horizontal

asymptote.

T
Answer true or false. lim
z—-00 3+

4
-1
is equivalent to lim { 3 .
z—0- ; -I- 1
3

x
z5 -2

Answer true or false. f(z) = has no horizontal asymptote.
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SECTION 2.2

1. Given that lin; f(z) = 3 and lim g(z) = 5, find, if it exists, lim[2f(z) — 3g(z)]*.
C.

A -81 B. 81
2. lim5=

=3

A.3 B.5

3. Answer true or false. linr% 9z = 18.
r—.

2 _
4 qim T30 _
z——6 X+ 6
A. —o0 B. —-12
5. lim 10 =
=51+ 5
A +oo B.
. 4z — 3
6. zEI-il:loo z4 -3 -
A.O B.3
32
7. lim Az T =
ZT—>—00 X
A. 4 B. —0
. 22
8. zl—lfn—ll 8 —222 —x
A. 4+ B. -0
. xT+5
9. Il JT—3
A 40 B. —x
. 20210 — 225 + 2
10, Mm Vet isos
A. o0 B. —x
11.  lim (2% —400z° — z* + z)
T—+00
A. 400 B. —x
3 <2
9. _ )z <2 g _
1 Let f(z) {x -2, z>2 S f(=)
A.8 B. 4
3
_J2-3, z<L1 _
13. Let g(z) = {x5, o1 }BI_’H}g(x) =
A.5 B. 1
VIE =T +2
14. Answer true or false. lim ac_7_+_ does not exist.
T—r4-00 X
72 —
15. Answer true or false. hr{,ﬂ ﬂ;ﬁ = %
z—!

C.

9

.12

. 84

. —500

17

. It does not exist.

. 15

. It does not exist.

. It does not exist.

. It does not exist.

. It does not exist.

. It does not exist.

. It does not exist.

. It does not exist.

. It does not exist.
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SECTION 2.3
1. Find a least number § such that |f(z) — L| <€ if 0 < |z —a| < 4. Iin}, 10z = 50; e = 0.1
r—
A 01 B. 0.01 C.05
2. Find a least number § such that |f(z) — L| < eif 0 < |z —a| < 4. 1irr%3x -5=1;¢e=0.1
—
A. 0.033 B. 0.33 C. 3.0
3. Answer true or false. It can be shown that if |f(z) — L| < € when 0 < |z —a] < §, |22 — 9| < € if
|z — 3| < & for arbitrarily small positive €.
. , . 2°—25
4. TFind a least number & such that |f(z) — L| < €if 0 < [z — a] < 4. 11m5 poorarai
z——
A.0.001 B. 0.000001 C. 0.005
. . . . 100
5. Find a least positive number N such that |f(z) — L| <eif z > N. 111_{1 - = 0;
100
A N =100 B. N =1,000 C.N=10
1
6. Find a greatest negative number N such that |f(z) — L| <eifz < N. lim £ =0;e=0.1
T—r=—0Q
A. N = —-100,000 B. N =-10,000 C. N =-100
7. Answer true or false. It is possible to prove that h 31 =0.
—+00 3 + 9
1
8. A false. It i ible t that lim
nswer true or false. It is possible to prove that lm Z-——r =
3
9. Answer true or false. It is possible to prove that 11 z
—-+00 5T + 2
10. Answer true or false. It is possible to prove that hrré g = +00.
11. To prove that lirré(x — 2) = 3 a reasonable relationship between ¢ and ¢ would be
Z—
A.d=5e B.o=e¢ C.6=+/e
1
12. Answer true or false. To use a J-¢ approach to show that lir{)x+ == 400, a reasonable first step would
T
be to change the limit to lim z? = 0.
400
-1
13. Answer true or false. It is possible to show that hm m = —00.
14. To prove that lim f(z) = 9 where f(z) = 32, z<3
) z—3 z+6, >3
would be
A.6=3¢ B.d=¢ C.d=¢€¢+3
15. Answer true or false. It is possible to show that lin(l) % =0.
!

True/False and Multiple Choice Questions

D. 0.025

D.03

= —10; ¢ = 0.001

D. 0.025

e=0.1

D. N = 10,000

D.N=-10

D.5=1
€

a reasonable relationship between § and ¢

D.d=2¢+3
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SECTION 2.4

10.

11.
12,

13.
14.
15.

ot B

W BN

On the interval of [—10,10], where is fnot continuous?
A. -2,2 B. 2

C. -2

D. nowhere

x=0 ¥S

On the interval of [—10, 10], where is fnot continuous?

A.3 B.0,3 C.0 D. nowhere
Answer true or false. f(z) =z — 2z° + 3 has no point of discontinuity.
Answer true or false. f(x) = |z% — 4| has points of discontinuity at z = —2 and z = 2.
. . . . - z—5
Find the 2-coordinates for all points of discontinuity for f(x) = R T
A. 5,7 B. -7 C. 7 D. -5,—7
2
Find the z-coordinates for all points of discontinuity for f(z) = SIJ;:CT—:—%?
A.0 B.2 C. -2 D. —2,2

B +2 <1

Find the z-coordinates for all points of discontinuity for f(z) = { 5 s 1

Al B. V2 C. 1,\3/§ D. None exists.
. . . . . . 42k, <1
Find the value of k, if possible, that will make the function continuous. f(z) = { k?t+z+1, z>1

Al B. -1 C.2 D. None exists.

z+5
Answer true or false. The function f(z) = - * 7 has a removable discontinuity at z = 1.

3
. z <2 . .
Answer true or false. The function f(x) = {m2,+ 4z S 8 continuous everywhere.
Answer true or false. If fand g are each continuous at ¢, f/g may be discontinuous at c.

Answer true or false. The Intermediate-Value Theorem can be used to approximate the locations of
3342z +1

all discontinuities for f(z) = =

Answer true or false. f(z) = z° — 3z + 1 = 0 has at least one solution on the interval [—1,0].
Answer true or false. f(z) = z* — 22” + 3 = 0 has at least one solution on the interval [0, 1].

Use the fact that v/8 is a solution of z! — 8 = 0 to approximate v/8 with an error of at most 0.005.
A. 165 B. 1.66 C. 1.68 D. 1.69



20 True/False and Multiple Choice Questions
SECTION 2.5
1. Answer true or false. f(z) = tan(z% — 3) has no point of discontinuity.
2. A point of discontinuity of f(z) = m is at
T T ™ T
A - B. - C. - .=
2 3 4 D 6
. - . 4\ . (5
3. Find the limit. lim {cos{ — }sin{ — =
T-+00 z X
A0 B. 1 C. -1 D. 400
3
4. Find the limit. lim *—= =
z—0- X
A. +o0 B.O C.1 D. -
5. Find the limit. lim s.ln(7x) =
20 sin(9z)
A. 400 B.0 C. g D.1
1—
6. Find the limit. lim ——— =
x—0 6
1
Al B. 6 C.3 D.o
sin? z
7. Find the limit. lim —— =
z—0 tan“x
A 4+ B.1 C. -0 D. 0
8. Find the limit. lim ———— =
20 sin(—z)
A -1 B.1 C. +o00 D. —x
9. Find the limit. liI?(l’)l_ tan% =
Al B. -1 C. —o D. does not exist
72
10. Find the limit. lim — =
z—0 SInx
A0 B.1 C. -1 D. 40
sinz
11. Answer true or false. The value of k that makes f continuous for f(z) z <0 450.
cosx+k, >0
. . 2 ‘2
12. Answer true or false. The fact that lim SBZ _ 1 and that lim Sme = 1 guarantees that lim Mg
z—0 X =0 I z—0 T
by the Squeeze Theorem.
13. Answer true or false. The Squeeze Theorem can be used to show lirr(1) z+1 =1 utilizing liII(l) z =0 and
r— T
lim1l=1.
z—0
14. Answer true or false. The Intermediate-Value Theorem can be used to show that the equation y° =
cos x has at least one solution on the interval [-57/6,57/6].
sinx z
. 2 =
15 by ( 3z + 3sina:)

A1l B.2 C.

0| =
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CHAPTER 2 TEST

10.

11.

12.

13.

14.

VL

x=0 =

The function fis graphed. l‘m_l2 flz)=

A2 B. -2 C.0 D. undefined
2 _ 2 _
Approximate hrr_l7 z P by evaluating f(z) = oy at r = —6, —6.5, —6.9, —6.99, —6.999, —7,
-7.5, =7.1, —-7.01, and —7.001.
A7 B. -7 C. 14 D. -14

Use a graphing utility to approximate the y-coordinate of the horizontal asymptote of y = f(z) =
10z + 3

2r—5
A5 B.

3
C.—= D. -5
5

ol w

3 3z
Answer true or false. A graphing utility can be used to show that f(z) = (12 + 3—) has a horizontal
x

asymptote.

5 zt
Answer true or false. lim — is equivalent to lim T
r—

—00 x4 T
Given that }:im f(z) =5 and glcmcll g(z) = -5, find };im [6f%(x) — g(z)].
- —aq — —a
A0 B. 150 C. 155 D. 145

lim7 =
z—6

A1l B. -1 C.7 D. does not exist

. x
lim =
=3 x —3

Al B.0 C. +0 D. does not exist

Let f(z) = {gz z i } hmf(x)

Al B. -1 C.0 D. does not exist
Find a least number § such that |f(z) — L| < eif 0 < |z —a| < 4. 1'11111O 2z = 20; € < 0.01
xr—

A.0.01 B. 0.005 C. 0.05 D. 0.0025

. . . x?-81
Find a least number § such that |f(z) — L| < e if 0 < |z —a| < 4. hm9 peorrai —18; € < 0.001

z——
A. 0.001 B. 0.000001 C. 0.006 D. 0.03
Answer true or false. It is possible to prove that lim —71— =0.
z5—00 7 + 2
To prove lirr%(7:z: + 2) = 16, a reasonable relationship between ¢ and € would be
r—.

Abs=< B. 6 ="Te Cé=c D.d=e—7

7
Answer true or false. It is possible to show that lir){l (z®+2) = 2.
IZ—+00
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15.

16.

17.

18.

19.

20.

True/False and Multiple Choice Summary Test

-3
i he z- dinat h point of di inuity of = ———,
Find the z-coordinate of each point of discontinuity of f(x) P S
A3 B. -3,8 C. -8,3 D. 3,8
1
Answer true or false. f(z) = g has a removable discontinuity at z = 2.
Answer true or false. f(z) = 22 — 3 = 0 has at least one solution on the interval [1,4].
Find lim 0%
z—0 SlIl(—5.’L‘)
2 5
A.O B. —% C. -3 D. not defined
sin® z
Find lim ——.
z—0 tan”
A0 B. -1 C.1 D. undefined
1 -
Answer true or false. lim 28T .

z-0 sinz
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CHAPTER 3
The Derivative

SECTION 3.1
1. Find the average rate of change of y with respect to z over the interval [1,5]. y = f(z) = %
A. 048 B. —0.48 C.0.96 D. —0.96

10.

11.
12.
13.

14.

15.

Find the average rate of change of y with respect to z over the interval [1,4]. y = f(z) = 2°.
A. 256 B. —-256 C. 341 D. —341

Find the instantaneous rate of change of y = 322 with respect to z at zg = 3.
A. 27 B. 18 C. 12 D.9

1
Find the instantaneous rate of y = z with respect to z at zg = 5.

Al B. -1 C. -0.25 D. -0.04

Find the instantaneous rate of y = 4z° with respect to z at a general point .
A. 20z} B. 4z C. 16z} D. 5z

8
Find the instantaneous rate of y = p with respect to z at a general point x.

2
A -2 B, 3% Cc -5 D. —%
T 8 Zy x5

Find the slope of the tangent to the graph of f(z) = z3 — 2 at a general point .
A. 3zp -2 B. 3z — 2 C. 3z} D. 3z

Answer true or false. The slope of the tangent line to the graph of f(z) =z — 5 at 2o = 3 is 22.

Answer true or false. Use a graphing utility to graph y = 3z% on [0,5]. If this graph represents a
position versus time curve for a particle, the instantaneous velocity of the particle is increasing over
the graphed domain.

Use a graphing utility to graph y = z? — 8z + 1 on [0,10]. If this graph represents a position versus
time curve for a particle, the instantaneous velocity of the particle is zero at what time? Assume time
is in seconds.

A.0s B.1s C.-1s D.4s

A rock is dropped from a height of 16 feet and falls toward earth in a straight line. In ¢ s the rock
drops a distance of 16t% feet. What is the instantaneous velocity downward when it hits the ground?

A 41t/s B. 3 ft/s C.2ft/s D. 1 ft/s

Answer true or false. The magnitude of the instantaneous velocity is always less than the magnitude
of the average velocity.

Answer true or false. If a rock is thrown straight upward from the ground, when it returns to earth
its average velocity will be its initial velocity.

Answer true or false. If an object is thrown straight upward with a positive instantaneous velocity, its
instantaneous velocity at the point where it stops rising is 0.

An object moves in a straight line so that after ¢ s its distance in mm from its original position is given
by s = t? + t. Its instantaneous velocity at ¢t = 3 s is

A. 18 mm B. 19 mm C. 12 mm D. 7 mm

25



26 True/False and Multiple Choice Questions
SECTION 3.2
1. Find the equation of the tangent line to y = f(x) = 6z at z = 2.
A y==6zx B.y=6x—12 C.y=6x—24 D.y=6x+12
2. Find the equation of the tangent line to y = f(z) =vVz +6 at z = 2.
4z z 5 z 5 4x
A'y*_?,—' By__ﬁ+5 Cy—ﬁ+g D.y———g'
3. y=2" dy/dx =
A. 10 B. 10z° C. 102" D. 92°
4. y=3yz. dy/dz =
A SE p 3VE c 3V p. 3VE
2z T 2 z
5. 1 ;E 1
x=0 y=1 x=0 e
Answer true or false. The derivative of the function graphed on the left is graphed on the right.
6. Answer true or false. Use a graphing utility to help in obtaining the graph of y = f(z) = |z — 5|. The
derivative f'(z) is not defined at z = 5.
7. Find f'(t) if f(t) = 8t* — 6.
A. 3283 B.32t3-6 C. 24¢3 D. 24t* — 6
2
-9
8. illirr(l] (3—+—}—lh)——— represents the derivative of f(z) = 22 at z = a. Find a.
A3 B. -3 C.9 D. -9
/8+h)—2
9. }llin(l) -—%—— represents the derivative of f(x) = ¥/ at z = a. Find a.
A 8 B.2 C. -2 D. -9
10. Find an equation for the tangent line to the curve y = z'—5at (1,-4).
A y=Tzx B.y=7x+5 C.y=7x-3 Dy=7x-11
11. Let f(z) = sinz. Estimate f’ (-;I) by using a graphing utility.
1 \/i 1 T
A.. Z B- —2' C- 5 D. Z
12. An air source constantly increases the air supply rate of a balloon. The volume V in cubic feet is given
by V(t) = 3t + 2[0 < t < 5], where ¢ is time in seconds. How fast is the balloon increasing at ¢ = 3 s?
A. 9 ft3/s B. 11 ft3/s C.1ft%/s D. 3 ft3/s
13. Answer true or false. Using a graphing utility it can be shown that f(z) = v/|z — 2| is differentiable
everywhere on [—10,10].
3
14. Answer true or false. A graphing utility can be used to determine that f(z) = {22’ 258 is
differentiable at x = 0. ’
3
15. Answer true or false. A graphing utility can be used to determine that {ig i i } is differentiable

at x = 1.
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SECTION 3.3

10.

11.
12.

13.

14.

15.

Find dy/dz if y = 62°.

A. 142° B. 482° C. 141"
Find dy/dz if y = /7.
A YT B. Y7 c 1
2m T 2
Find dy/dz if y = 8(z* — 27 + 5).
A 247° — 16z +5 B. 32% -2
C. 242* -2 D. 24z® - 16
) o v
Answer true or false. If f(z) = vz + 3z, f'(z) = 5 +3.
Answer true or false. If L '(z) !
Il . = —— = -,
v Y TV T 6
5z

Ity =—, dy/dah =

35 35 25
A —-— B. — L—=

16 16 C 16

2 /
= 0) =
y=—5 0O
4 2

A0 B. 3 C. -3

g(x) = z3f(z). Find ¢'(2), given that f(2) = 6 and f(2)=3.
A. 48 B. —60 C. 96
y = 4z + 322 + 9. Find d’y/dz”.

A8 B.8z+3 C. (8z +3)*

y=z"3+z. Find y".

A. -6 B. —60z7% C. 60z 8+ 272

Answer true or false. y = y" + 5y’ — 6 is satisfied by y = .

27

D. 4827

25
16

D. 4

D. —60z76 — 72

Use a graphing utility to locate all horizontal tangent lines to the curve y = z3 + 322 +10.

A x=0,2 B.x=-2,0 C.z=0

Dzxz=-2

Find the z-coordinate of the point on the graph of y = z° 4+ 2 where the tangent line is parallel to the

secant line that cuts the curve at x = 2 and at x = 3.

1
A —= B. 4 C.1
V5

D.

DO

The position of a moving particle is given by s(t) = 4t% — 6 where t is time in seconds. The velocity

in m/s is given by ds/dt. Find the velocity at ¢ = 2.

A.2m/s B.8m/s C. 16 m/s

D. 10 m/s

Answer true or false. If f, g, and h are differentiable functions, and h # 0 anywhere on its domain,

f9\' _ fhg +ghf — fgl!
then (77) = B2 .



28 True/False and Multiple Choice Questions
SECTION 3.4
1. Find f'(z) if f(z) = 2% cosz.
A. 3z%sinz B. —3z%sinz
C. 3z%cosz — x3sinz D. 3z%cosz + z3sinz
2. Find f/(z) if f(z) =sinzcotz.
A. cosz B. —sinz
C.sinz D. —cosz
3. Find f/(z) if f(z) = sin®z + cos® z.
A0 B. 2cosx + 2sinx
C.1 D. 2cosz — 2sinzx
4. Find d%y/dz? if y = zcosz.
A. —xcosx B.0
C. —xcosz —sinz — coszx D. —sinz
Answer true or false. If y = tanz, d*y/dz® = tanz.
6. Find the equation of the line tangent to the graph of y = cosz at the point where z = 0.
A y=-1 B.y=-z Cy==zx Dy=1
7. Find the z-coordinates of all points in the interval [—2m, 27| at which the graph of f(z) =secz has a
horizontal tangent line.
A. -3n/2, —7/2, ™/2, 3n/2 B. —m,7
C. —m, 0,7 D. -3%/2,0, 3m/2
8. Find d'% cosz/dz'®.
A. cosz B.y= —cosz C.sinz D. —sinz
9. Find all 2-values on (0,27) where f(z) is not differentiable. f(z) =sinzcscz
A.7m/2,3rn/2 B.« C.m/2,m, 3m/2 D. none

10. Answer true or false. If r is given in radians, the derivative formula for y = sinz in degrees is
y = 1—2-6 COS T.

11. A rock at an elevation angle of § is falling in a straight line. If at a given instant it has an angle of
elevation of § = 7/6 and is a horizontal distance s from an observer, find the rate at which the rock is
falling with respect to 6.

2(x
A. sec? (f) B. ssec? (E) C. w D. sec? (ﬂ)
6 6 s 6
12. Answer true or false. If f(z) = tanz cotz —sinz, f'(z) =1 — cosz.
1 1
. false. If = , fl(z)= .
13. Answer true or false. If f(z) P f(z) P
cosz ., .. .
14. Answer true or false. f(z) = T oo differentiable everywhere.
15. If y = 2°cosz, find d?y/dz?.

A. —202%cosz B. 20z® cosz — z° cosz
C. 2023 cosz — 10z*sinz — 2° cosz D. 20z3 cosz + 2° cosz
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SECTION 3.5

10.
11.

12.

13.

14.

15.

f(z) =z} +2. fi(z)=
3

-2 322+ 2 322
A. B. C. —— D. 3z’
Va3 +2 3 +2 2vVad +2
flz) = (a® - 5)%. fi(z) =
A. 240(z® - 5)% B. 2402%(z - 5)% C. 240z (2® — 5)% D. 240z%
f(z) = sin(8z). f'(z) =
A. cos(8z) B. 8cos(8z) C. —cos(8z) D. —8cos(8x)
1
Answer true or false. If f(z) = Vcos2z + 1, f'(z) = —/—m—r.
/(@) /(@) 2vcos?z +1
f(z) =232 +5. fi(z) =
3
x
A ——— + 32222+ 5 B. 32°v/22 +5
2vVx2 +5 )
T
C. 6z* D. + 32222 +5
Va2 +5
y = tan(cosz). Find dy/dz.
A. —sec?(cosz)sinz B. sec’(cosz)sinz
C.sinz D. —sinz
y = z*sin(2z). Find dy/dz.
A. z* cos?(2z) — 4z°sin(27) B. 2% cos?(2z) + 423 sin(27)
C. 2z* cos(2z) + 42 sin(2z) D. 2z cosx — 4z3sinz
1—sin’z
= ——————— - d d —
y ( cosT ) v/dz
A —sinz + 2sinz cos’ z + sin® B sinz — 2sinz cos? z — sin®
' cos’x ' cos’z
2cosz D. — 2cosz
sin " sinz
Answer true or false. If y = sin(z®), d*y/dz® = —sin(z®).
Answer true or false. y = sin 3z — cosz>. d%y/ dz? = 6sin .
Find an equation for the tangent line to the graph of y = zsinz at z = .
A y=mz—n? B.y=-1 C.y=-7 Dy=n
y = cos’(7 — 30). Find dy/db.
A. 9cos?(m — 36) sin(m — 36) B. 9cos*(m — 36)
C. 9cos’(m — 26) D. 3 cos?(m — 36) sin(m — 36)

Use a graphing utility to obtain the graph of f(z) = z*¥/z. Determine the slope of the tangent line
to the graph at z = 1.
13

A. 13 B. 5 C.2 D.o
Find the value of the constant A so that y = Asin 3t satisfies d%y/ dt? + 3y = sin 3t.

1 1 1 9
A, T B. g C. ~% D. ot

Answer true or false. Given f'(x) = z and g(z) = v/, then F'(z) = z/z if F(z) = f(g(x))-
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True/False and Multiple Choice Questions

SECTION 3.6

10.

11.

12.

13.

14.

15.

If y = +/z, find the formula for Ay.

A Ay=vVz+Az -z B. Ay =vz+ Az
1 1

1

Y75 (x + Az)*  5vat v 59/ (z + Az)t
If y = 2%, find the formula for Ay.
A Ay = (z+ Az)® B. Ay =8z"Ax
C. Ay = 8(z — Ax)" D. Ay = (z + Az)® — 28
If y = tanz, find the formula for Ay.
A. Ay = tan(z + Az) — tanzx B. Ay = tan(z + Ax)
C. Ay =sec’ zAx D. Ay = Az + tanz

Answer true or false. The formula for dy is dy = f(x)dz.

y= 23, Find the formula for dy.

A. dy = (z +dz)® B.
C. dy = 2% + (dx)? D.

y = cosz. Find the formula for dy.

dy = (z + dz)® — 2°
dy = 3z%dx

A. dy = sec’ zdx B. dy = coszdz
C. dy = —sinzdz D. dy = cos(z + dz)

y = sinz cosz. Find the formula for dy.
A. dy = (sin®z + cos’z)dx
B. dy = (cos’z —sin’z)dx
C. dy=(sin’z — cos’z)dz
D. dy= —(sin?z + cos®z)dx

Let y = -3—315 Find dy at z = 1 if dz = 0.01.

A.0.03 B. —0.03 C. -0.33 D. 0.33
Let y = z%. Find dy at = = 3 if do = —0.01.

A. 0.06 B. —0.03 C. 0.03 D. —0.06
Let y = vz + 1. Find Ay at z =3 if Az = 1.

A. —0.268 B. 0.268 C. 1.268 D. —1.268

Use dy to approximate v4.04 starting at z = 4.
A. 201 B. 1.99 C.4.01 D. 3.99
Answer true or false. A circular spill is spreading so that when its radius ris 1 m, dr = 0.01 m.

The corresponding change in the area covered by the spill, 4, is, to the nearest hundredth of a square
meter, 0.31 m?.

A small suspended droplet of radius 10 microns is growing. If dr = 0.002 micron find the change in
the volume, dV, to the nearest thousandth of a cubic micron.

A. 2513 B. 2.510 C. 2.504 D. 2.501

Answer true or false. A cube is expanding as temperature increases. If the length of the cube is
changing at a rate of dz = 2 mm when z is 1 m, the volume is experiencing a corresponding change of
6,000 mm?®.

A particle moves according to s = 3. Find dsif t = 2 and dt = 3.

A 36 B.6 C.3 D. 12
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CHAPTER 3 TEST

1. Find the average rate of change of y with respect to  over the interval [1,3]. y = f(z) = 2z°.
A. 52 B. -52 C. 26 D. -26

2. Find the instantaneous rate of change of y = 3x with respect to z at o = 2.
A6 B.2 C.3 D.o

3. An object moves in a straight line so that after ¢ s its distance from its original position is given by
s = t*. Its instantaneous velocity at t = 4 s is

A. 192 B. 256 C. 12 D. 16
4. Find the equation of the tangent line to y = f(z) =2z at x = 3.
A y=2z B.y=2zx—3 C.y=2z+4+3 D.y=
5. Ify=ab dy/dz =
A. 62° B. 62° C. 5z° D. 52°
6. 1 1
x=0 ¥l x=9 y=-1

Answer true or false. The derivative of the function graphed on the left is graphed on the right.
(6 — 3h)% — (3h)?

7. lih%t A represents the derivative of f(z) = (3z)* at =
A 4 B.2 C. -4 D. -2
8. Let f(z) = sinz. Estimate f'(47/3) by using a graphing utility.
Al B. -1 C.0 D. —%
9. Find dy/dz if y = €°.
A 7€ B. 8¢ C.0 D. 8
4
10. Answer true of false. If f(z) = vz + 2%, f/(z) = S + 322
2V/75
2x  dy
11. == )=
Hy z—2" dz|,
A3 B. -3 C. 4 D. -4
12. g(z) = Vzf(z). Find ¢'(1) given that f(1) =8 and f'(1) = 5.
A5 B. 4 C.9 D. 13
13. Find f'(z) if f(z) = 2° cosz.
A. 32%cosz B. —3z%cosz
C. 322 cosz +z®sinz D. 3z%cosz — z’sinz
14. Find d?y/d2? if y = —4(sinz)(cosx)
A. 16(cosz)(sinx) B. —16(cosz)(sinz)
C. 4(cosz)(sinz) D. —4(cosz)(sinz)

71

15. Answer true or false. T sinz = coszx.
T
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16.

17.

18.

19.
20.

True/False and Multiple Choice Summary Test

5zt —3
Answer true or false. If f(z) = Vx5 — 3z, f'(z) = —.
(@) = VA= 3m, £(0) = S

If f(z) = sin(18z), f'(z) =

A. 18cos(18z) B. —18cos(18z) C. cos(18z) D. —cos(18z)
If y = /z, find the formula for Ay.
A Ay=vz—Az+Jx B. Ay =vz+ Az —/z
Az
C.Ay=——= D. Ay =vz +Az+Vz
Ve v v

1
Answer true or false. If y = ol dyatx=21is —6—14dx.

Answer true or false. A spherical balloon is inflating. The rate the volume is changing at » =2 m is
given by dV = 16ndr.



SOLUTIONS

SECTION 3.1
1.B 22A 3.A 4C 5A 6D 7D 8F 9.7 10.B 11.C 122F 13.T 14 T 15 B

SECTION 3.2
.C 2A 3C 4A 5T 6T 7D 8A 9B 10D 11.B 12.A 13.F 14 F 15 T

SECTION 3.3
1.D 2D 3. A 4F 5F 6C 7.C.8A 9.C 10.B 11.T 122.B 13 A 14 D 15 F

SECTION 3.4
1.C 2B 3B 4 A 5F 6D 7.A 8C 9.A 10.F 11.B 12 F 13.T 14 F 15.C

SECTION 3.5
1.LA 2B 3B 4T 5D 6A 7.C 8A 9F 10T 11.A 122A 13.D 14.C 15 T

SECTION 3.6
1.A 22D 3.A 4F 5D 6A 7A 8B 9.A 10.B 11.B 12T 13.B 14 F 15T

CHAPTER 3 TEST

1.A 22A 3.B 4D 5 A 6T 7.B 8 A 9.C 10.F 11.B 12.C 13.C 14. A 15 C
16. T 17.T 18. A 19.B 20.C 21.T 22. T



CHAPTER 4
Logarithmic and Exponential Functions

SECTION 4.1

1. Answer true or false. The functions f(z) = vz + 5 and g(z) = z® + 5 are inverses of each other.
2. Answer true or false. The functionsf(z) = /= and g(x) = z® are inverses of each other.

3. Answer true or false. tanz is a one-to-one function.

4. Find f7(z) if f(z) = =°.

10.

11.

12.

13.

14.
15.

AT B L C. -z D. -~
z T
Find f~}(z) if f(z) = 2z + 3.
1 z-3 z 1
A'2:1c+3 B. 7 C.-2——3 D'ﬂ_?’
Find f~(z) if f(z) =vz - 7.
A z+7 B. (x-7)° C.z% -7 D. - L
-7
Find f~!(2), if it exists, for the function f(z) = —z!, z<0
’ ) $4’ T 2 O
L z<0
-z, <0 b o _
A. {\4/5, >0 A 250 V= D. It does not exist.
I4, -

Answer true or false. If fhas a domain of 0 < z <10, then f7! has a range of 0 < z < 10.
Answer true or false. The graphs of fand ™' are reciprocals of each other.

Answer true or false. A rectangle has an area A = lw. If A =100 m?, [ and w are inverses of each
other.

Find the domain of f~(z) if f(z) = (z +5)%, x > 5.

A xz>-5 B.z>5 C.z>0 D.z<0
Find the domain of f7(z) if f(z) = =V + 2.
A z<0 B.z>0 C.z<2 D.z>2

Let f(z) = 2° — 4. Find the smallest value of & such that f(z) is a one-to-one function on the interval
[k, 00).
A0 B. -2 C.2 D. 4

Answer true or false. f(z) = —z is its own inverse.

Answer true or false. To have an inverse a trigonometric function must have its domain restricted to
[—m, 7.



36 True/False and Multiple Choice Questions
SECTION 4.2
1. 374=
1 1 1 1
.= B. -— .= L
A 12 12 C 81 D 81
2. Use a calculating utility to approximate v/31. Round to four decimal places.
A. 1.5359 B. 5.5678 C. 1.5361 D. 5.5680
3. Use a calculating utility to approximate log 31.6. Round to four decimal places.
A. 1.4990 B. 1.4993 C. 1.4996 D. 1.4997
4. Find the exact value of log, 16.
3 1
A. B. - .= .
12 1 C 1 D. 4
5. Use a calculating utility to approximate In 25.7 to four decimal places.
A. 3.2465 B. 3.2469 C. 1.4099 D. 1.4051
b
6. Answer true or false. In % =Ilna+Inb-vine.
7. Answer true or false. log(zyz) = (log z)(logy)(log 2).
Rewrite the expression as a single logarithm. 4logx — log 3
z? z\4 log 24* z\4
A. log-g B. log (§> C. 3 D. 4log (5)
9. Solve logio(z + 5) = 0 for z.
A5 B. -4 C.0 D. no solution
10. Solve for z. logjgz™/? — logyg 2% =2,
A4 B. 40 C.10 D. 100
11. Solve 3% = 6 for z to four decimal places.
A. —0.3010 B. —1.6309 C. —0.6931 D. 0.6132
12. Solve for z. 5e* +ze®* =0
1 1
A. B. -5 C. - D. —=
5 5 5
13. 1
.
rl,—l"
x=0 v=3.0986122H87
This is the graph of
A . 2-In(3+x) B. 2+ In(3 + z) C.2—log(z—3) D. 2 + log(z — 3)
14. Use a calculating utility and change of base formula to find log; 4.
A. 1.3863 B. 1.1610 C. 1.3010 D. 0.0621
15. The equation Q = 6e %% gives the mass @ in grams of a certain radioactive substance remaining

after ¢ hours. How much remains after 6 hours?
A.53212¢g B. 53215 ¢ . C.53217¢g D. 53220 g



Section 4.3

SECTION 4.3

10.

11.

12.

13.

14.

15.

Answer true or false. If y = v/3z — 2, Z—z = g(?;x—im'
3 3 dy
Answer true or false. If y° = z°, T x
Find dy/dz if /y —sinz = 4.
A dy/dx = 3y cosz B. dy/dz = 3y** cosx
C. dy/dx = —6y*® cosz D. dy/dz = 6y*3 cosz
Find dy/dz if z% + y* = 49.
A Bz B. 2 c -2
) Y Y
Answer true or false. If y% + 3zy = 8z, Z—z = 5 _?_ 32
z? — 2y* = 4. Find d?y/dz’.
dy 1 2? d*y 4z?
A — =-— B.— =2+ —
de? y Adzyd dx? + y?
d%y 1622 d’y 42*
C.—==2=—- D 2L _—9_ 2
dz? y? dz2 Y2
Find the slope of the tangent line to w2 —y?*="5at (3,2).
3 3 2
A - . —= e
2 B 2 C 3
Find the slope of the tangent line to zy® = 2 at (2,1).
1
A 6 B. -6 C. =
6
Find dy/dz if z%y* = .
ALY . _1;23:_3/2
T 2x%y
c. Y L1t2ay®
z 222y
Find dy/dz if = = sin(zy).
1 1
L —— B.
cos(zy) cos(zy)
1 — ycos(zy) 1+ y cos(zy)
L — D-—
x cos(zy) z cos(zy)

Answer true or false. If cosy = sinz, dy/dz = tanz.

dy __yesci(ay)
dz ~ T )

zy? = = has a tangent line parallel to the z-axis at which points?

Answer true or false. If cot(zy) = 4,

A. (1,1) and (-1,-1) B. (0,0) C. (1,1)

z? + y? = 25 has tangent lines parallel to the y-axis at which points?

A. (0,—25) and (0,25) B. (0,—5) and (0, 5)
C. (-5,0) and (5,0) D. (—25,0) and (25,0)
Find dy/dz if y*t = 5 and dt/dz = 5.

N o o, 2y

Tt T2t 2t

b, %=
Y
2
D. —-
3
1
D. -=
6
D. (-1,-1)
25y
D. ——=
2t

37
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SECTION 4.4

10.

11.
12.

13.

14.

15.

If y = In 8z find dy/dz.

1
" 8z

If y = In(sinz) find dy/dz.

A. cotzx

Ify =v/3+In%22?, dy/dz =
4

8| oo

A.

3z¢/(3 + In® 22)2

1

v/ (3+ In? 22)2

C.

Answer true or false. If y

Answer true or false. If y = In(z"), - =

If y = (Inz)e*, dy/dz =

3z
A. 3(Inz)e® + %

Answer true or false. If y + In(zy) = 2,

y = In(sinz). Find ¢

A.sinzcosz
C. tanz

B. 3(Inz)e*

True/False and Multiple Choice Questions

4

4Inx?

3¢/(3 + In® z2)2

D.
3z(V/3 + In? 22)2

dy/dx = 54x8¢%.

C. 3(Inz)e®

dy _ xy+y

T
B. —cotz
D. cotzx

/ d
Ify=y4 i i i, find Zi% by logarithmic differentiation.

2L <z+2)‘8/9
9\z+3

1 1 1

A. 8"In8

Answer true or false. If f(z) = 7¥%~%% dy/dx = (sinx — cosz)m

y = In(4z). d"y/dx" =

1
" gngn

Answer true or false. If y =2

2y'z = —2yz is satisfied by y =

A €
limit 5" —1 =
h—0 3h -

Al

"9 (w-l—Z z+3
f(z) = 8. Find df(z)/dz.

1

B. 9(z + 3)2

T+ 2
D. f/
z+3

C.zln8"

(_1)n+1n

xn

C.

X .
—— —coszln x) e,
x

C.sinz

C. +o0

sinx—cos z—1

D 8In8z

" sinz

D. 8 nzx



Section 4.5

SECTION 4.5
1. Find the exact value of cos™!(1).
A0 B. 7/2 C.rm D. 37/2
2. Find the exact value of sin™!(sin(—m/4)).
A 3m/4 B. 7/4 C. —m/4 D. 57 /4
3. Use a calculating utility to approximate z if tanz = 5.2, —7/2 < z < /2.
A 1.370 B. 1.376 C. 1.381 D.1.388
4. Use a calculating utility to approximate z if sinz = 0.40, /2 < z < 37/2.
A. 04113 B. 0.4118
C. 0.4115 D. There is no solution.
5. Answer true or false. sin”!z = — for all z.
sinz
6. y=sin (32). Find dy/dx.
3 3 1
A — B. C. — D.
V1 — 3z? V1 —z? V1 — 9z2
7. y=cot ! y/z. Find dy/dz.
x z x
A ————— B. - C. - .-
2(1 +x) 14z 2(1 +2?) D
8. y=e % dy/dz =
e e . 9 1 sin™
A —m B. sin™* ze C. ~nzeeT D.
9. y=In(zsin"!z). Find dy/dz.
A 1 B V1—1z?
"zsinTlz "z —sin"lzy/1 — 22
=+ sin"!z
C. 1-_—1:2"—_1_—‘_ D. 1"
zsin~'z z
10. y = Vcos!'z. Find dy/dz.
1 1
Ay=—— B.y=—
v V1 — x2 Y 2(Veos~! 2)(v/1 — 22)
C.y= ! D.y= 1
4 2v/1 — 22 Y 2(Vcos~1 z)(v/1 — x2)
11. 2°®—sin"'y =Inz. Find dy/dz.
1 1
A. (; - 3x2> 1—y2 B. (—5 + 3z2> V1—q2
2, o2 ain=2 3
C. sin "y—2 6x D. sin ‘ li;_ 2z
zsin~*y rsin~‘y
12. Approximate cos'(cos™!0.3).
A. 3.0000 B. 0.3096 C. 0.3000 D. 0

39
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13.

14.
15.

True/False and Multiple Choice Questions

A ball is thrown at 5 m/s and travels 35 m before coming back to its original height. Given that

the acceleration due to gravity is 9.8 m/sz, and air resistance is negligible, the range formula is
2

=2 sin 26, where 8 is the angle above the horizontal at which the ball is thrown. Find all possible
angles in radians above the horizontal at which the ball can be thrown.
A. 0.7854 B. 0.5009 and 1.0699
C. 0.2505 and 1.3203 D. 0.5009

1

Answer true or false. sin”" x is an even function.

Answer true or false. sin“l(l) + sin_1(2) = sin‘l(_g).
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SECTION 4.6

1.

10.

11.

12.

13.

14.

15.

d
The volume of a cylinder is given by V = 7rh. Find %‘{— in terms of d—:

dV B dr v dr av dr dV . dr

Answer true or false. A sphere is expanding, so dV/dt = 4rr’dr /dt.

A 10-ft ladder rests against a wall at 7/4 radians. If it were to slip so that when the bottom of the
ladder is moving at 0.02 ft/s, how fast would the ladder be moving down the wall?

A. 0.02 ft/s B. 0.0025 ft/s C. 0.015 ft/s D. 0.12 ft/s

Answer true or false. A plane is approaching an observer with a horizontal speed of 100 ft/s and is
currently 10,000 ft from being directly overhead at an altitude of 10,000 ft. The rate at which the
angle of elevation, 8, is changing with respect to time, df/dt = (1/x)dy/dt.

Answer true or false. Suppose z = yz. dz/dt = (dy/dt)(dz/dt).
Suppose z = 22 + y%. dz/dt =

A. 2z + 2y dy/dt B. dz/dt + dy/dt
C. 2z dz/dt + 2y dy/dt D. 2dx/dt + 2dy/dt

The power in watts for a circuit is given by P = I?R. How fast is the power changing if the resistance,
R, of the circuit is 1,000 ©, the current, [, is 2 A, and the current is decreasing with respect to time
at a rate of 0.04 A/s.

A. —90 w/s B. 80 w/s C. —160 w/s D. —320 w/s

Gravitational force is inversely proportional to the distance between two objects squared.

If F= 2—2 N at a distance d = 3 m, how fast is the force diminishing if the objects are moving away
from each other at 2 m/s?
A. 20 N/s B. —1.48 N/s C. —0.67 N/s D. -11.0 N/s

A point P is moving along a curve whose equation is y = v/z? + 9. When P = (2,5), y is increasing
at a rate of 2 units/s. How fast is = changing?

A. 2.0 units/s B. 7.2 units/s C. 64 units/s D. 0.31 units/s
Answer true or false. Water is running out of an inverted conical tank so the height is changing at a

rate of 3 ft/s. The height of the water in the tank changing at 3 ft/s if the height is currently 10 ft
and the radius is 10 ft.

dz dy dx
— ze¥ & 4 &
Answer true or false. If z i e It + e TR
dz dz dy
— ety 82 a8t Y
Answer true or false. If z = ", 7 e 7 d
do d
Answer true or false. If sin6 = 6zy, — = 6z @ + 6y o
dt dt
dy dA d:z:
Answer true or false. If A = zy, — prii e
g dr 1 dA

Answer true or false. If A = #r®, G 2ar dt
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True/False and Multiple Choice Questions

SECTION 4.7

10.

11.

12.

13.

14.

15.

. sindx
lim — =
z—0 sinx

A4 B. - C. —4 D —

i 516 _
:clg(l) r—4
A1l B. + C. —x D. 4

. tan’zcosx
lim —— =

z—0 x

Al B. +0© C. —x D.0
m In(z + 1) _

-0t ef — 2

A0 : B. 1 C. +x D. —o0

lim In2ze™ =

z—+00

A0 B. 1 C. +x D. —x
lim(1 + 5z)1/° =

z—0

A0 B. 400 C. —x D.3
im sinx

z=0+ In(z2 + 1)

A. 10 B. 0 C. +x D. —o©

Nain (L
Answer true or false. im _cos(z_)s;n(ﬁ_)_ =

=0 cos (})
s 1Y _
i (- 5) =

A 4+ B. —x C.1 D. O

lim (1 — In2z)* =
z—0t

A0 B. 1 C. +x D. -

1
5

sin bz
Answer true or false. lim ——— = 1.
z—0 2 — coszx
o 4x*—3x%4+2x -5
Answer true or false. xl_lgloo B 18—z 1 =

Answer true or false. liril (Va2 —-2-z)=0.
o400

(5 )
im{ ———--) =
z—0 \ SInZT x

A0 B.1 C. +o D. —c0




Chapter 4

CHAPTER 4 TEST
1. Answer true or false. The functions f(z) = vz — 3 and g(z) = z" + 3 are inverses of each other.
— 1 -1
2. If f(x) = o find f~(z).
AVz—5 B. {2 ;5”” C.Vi+5z
3. Find the domain of f~'(z) if f(z) = vz +6.
A x>0 B.2<0 C.z>6
4. Use a calculating utility to approximate log 7.9.
A. 0.8974 B. 0.8976 C. 0.8978
5. Answer true or false. lo @ _ loga + logh — E loge
. - log N g g 5 logc-
6. Solve for z. 3% = 7.
A 1771 B. 1.775 C. 0.443
s dy z°-9
7. Answer true or false. If y = v2r + 9, et
8. Find dy/dz, if ° + 3y* = 9.
32 2 2
-3z B. - = c.
6y 2y 2y
9. Find dy/dz if z%y* = 2".
728 — 32yt B 725 4+ 32%y*
433 C T Ardy?
C. 7z° + 32? D. 7z% — 32?
10. If y = In(4z?) find dy/dz.
2 2 1
A. ; B- -x_z C' ﬁ
d _q,-3z
11. Answer true or false. If y = 3Inze ™, % = 3; +9lnze.
12. If f(z) = 7° find df (z)/dz.
A 7z B.zln7" c. 7=t
13. Use a calculating utility to approximate z if sinz = 0.44, 37/2 < z < 57/2.
A. 6.743 B. 6.741 C. 6.739
1.3 %Y z
14. Anpswer true or false. If y = tan™ z°, —= = .
dr 1+2z5
- dy —cosx
15. Answer true or false. If y = Vsin 'z + 1, — = ——————sin’z.
dz  2(\/sinlz+1)
16. Answer true or false. If z = 2%y°, % = 2013y4%g—z.
17. Find dV/dt for a spherical balloon of radius 2 m if dr/dt = 0.2 m/s.
A. 101 m3/s B. 1.5 m*/s C. 0.7 m*/s
18. sTn 3z _
z—0 sin 8z
Al B. 400 C. -0

ool w

. 0.448

9 + 322

6y

LT InT

. 6.735

. 1.9 m¥/s

43
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19.

20.

sin 4x
im =
z—0 4

A0 B.1

1 x
Answer true or false. lim (10 + ~>
z—0 x

Q
N =
)

True/False and Multiple Choice Summary Test

. too



SOLUTIONS

SECTION 4.1
1.T 2F 3.F 4 A 5B 6B 7A 8F 9.C 10.T 11.C 122A 13.B 14 T 15 F

SECTION 4.2
.C 2A 3.C 4D 5B 6T 7F 8A 9A 10.D 11.B 122A 13.B 14.C 15 A

SECTION 4.3
.T 2T 3 A 4C 57T 6C 7.B.8D 9.B 10.D 1.F 12T 13. A 14.C 15 A

SECTION 4.4
1.C 2B 3D 4F 5T 6A 7T 8B 9.C 100A 11.F 122.C 13T 14D 15D

SECTION 4.5
1.C 2B 3.B 4B 5F 6D 7.A 8A 9.C 10.A 11.B 122B 13.C 14T 15 T

SECTION 4.6
1.LA 2B 3.C 4C 5F 6D 7.C 8B 9B 10.B 11.F 12T 18 F 14 F 15 T

SECTION 4.7
1.A 22A 3D 4B 5C 6C 7B 8B 9.F 10.C 11.D 122F 13. T 14 T 15D

CHAPTER 4 TEST

1. T 22B 3. A 4 C 5.T 6B 7T 8B 9.A 10.A 11.T 122D 13.B 14 A 15 F
15.F 17. A 18.D 19.B 20. F



CHAPTER 5
Analysis of Functions and their Graphs

SECTION 5.1

10.

11.
12.
13.

14.

15.

Answer true or false. If f/(z) <0 for all z on the interval I, then f(z) is concave down on the interval
L

Answer true or false. A point of inflection that has an z-coordinate where f”(z) = 0 is a point of
inflection.

The largest interval over which fis increasing for f(z) = (z — 5)% is

A. [5,00) B. [-5,00) C. (—00,5] D. (—o0,—5]

The largest interval over which fis increasing for f(z) = z° — 2 is

A. (—o00,-2] B. [2,00) C. (—o0,00) D. [-2,00)

The largest interval over which fis increasing for f(z) = vz —5 is

A. [5,00) B. (-0, 5] C. (—o0,00) D. nowhere

The largest open interval over which fis concave up for f(z) = v —Tis

A. (~00,7) B. (7,00) C. (—00,0) D. nowhere

The largest open interval over which fis concave up for f(z) = e is

A. (—00,0) B. (0,00) C. (—o00,00) D. nowhere

The function f(z) = 2% has a point of inflection with an 2-coordinate of

A0 B. s C. _3 D. None exist.
7 7

The function f(z) = ¢® has a point of inflection with an z-coordinate of

A —e B.e C.0 D. None exist.

Use a graphing utility to determine where f(z) = cosx is decreasing on [0, 27].

A. [0,7] B. [, 2m] C. [7/2,3m /2] D. [0,27]
Answer true or false. tanz has a point of inflection on (—7/2,7/2).

Answer true or false. All functions of the form f(z) = az™, n odd and @ # 0 have an inflection point.

flx) = z* — 82?2 — 2 is concave up on the interval I =

A. (—00,00) B. [~1,00) C. (—o0,-1] D. [~1,1]
Answer true or false. If f”(—2) = —5 and f”(z) = 5, then there must be a point of inflection on
(=2,2).

The function f(z) = xTx_—-g has

A. points of inflection at £ = —9 and x = 9.
B. points of inflection at x = —3 and £ =3
C. a point of inflection at z =0
D.

no point of inflection
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SECTION 5.2
1. Determine the z-coordinate of each stationary point of f(z) = 4a® — 8z.
A z=1 B.z=1landz=0
Cz=-1 D. None exists.
2. Determine the z-coordinate of each critical point of f(z) = v/x — 5.
A0 B.5 C. -5
Answer true or false. f(z) = z%° has a critical point.
4. Answer true or false. All relative extrema occur at critical points.
f(z)=2®+4x+7hasa
A. relative maximum at ¢ = —2 B. relative minimum at x = —2
C. relative maximum at z = 2 D. relative minimum at z = 2
6. f(z)=sin?zon0< <27 has
A. both a relative maximum and a relative minimum
B. a relative maximum only
C. a relative minimum only
D. neither a relative maximum nor a relative minimum
7. f(z) = z* — 8% has
A. a relative maximum at x = 0; no relative minimum
B. no relative maximum; a relative minimum at z = 6
C. a relative maximum at z = 0; a relative minimum at r = 6
D. a relative maximum at x = 0; relative minima at z = —6 and x = 6
Answer true or false. f(x) = |tan®z| has no relative extrema on (—m/2,7/2).
f(z) = €* has
A. a relative maximum at £ =0 B. a relative minimum at z =0
C. a relative minimum at z = 2 D. no relative extrema
10. f(z) = |z? — 16| has
A. no relative maximum; a relative minimum at x = 4
B. a relative maximum at z = 4; no relative minimum
C. relative minima at £ = —4 and z = 4; a relative maximum at z =0
D. relative maxima at x = —16 and x = 16; a relative minimum at £ =0
11.  f(z) = In(x + 4) has

A. a relative maximum only

B. a relative minimum

C. both a relative maximum and a relative minimum
D

no relative extrema

D. None exist.
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12. On the interval (0,27), f(z) = |sinz cos(2z)| has
A. a relative maximum only
B. a relative minimum
C. both a relative maximum and a relative minimum
D. no relative extrema

13. Answer true or false, f(z) = e®Inz? has a relative minimum on (0, 00).

14. Answer true or false. A graphing utility can be used to show f(x) = |z2| has a relative maximum.
15. Answer true or false. A graphing utility can be used to show f(z) = |z%| — 2 has two relative maxima

on [—10,10].
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True/False and Multiple Choice Questions

SECTION 5.3

10.

Answer true or false. If f'(—2) = —4 and f(2) = 4, then there must be an inflection point on (—2,2).

The polynomial function z? — 4z + 7 has
A. one stationary point that is at = 2
B. two stationary points, one at £ = 0 and one at z = 2
C. one stationary point that is at z = —2

D. one stationary point that is at =0

has

The rational function

A. a horizontal asymptote at y =0
B. a horizontal asymptote at y = —2
C. horizontal asymptotesat t = -l and x = 1

D. no horizontal asymptote
2

1 —_
The rational function has

3
A. a stationary point ﬁt z=-2
B. a stationary point at z = 2
C. two stationary points, one at ¢ = —1 and one at z =1
D. three stationary points, one at z = —2,oneat z = —1, andone at x =1

4

1
Answer true or false. The rational function z* — ) has no vertical asymptote.

3+ 2
R has

On a [—10,10] by [-10,10] window on a graphing utility the rational function f(z) =
A. one horizontal asymptote; no vertical asymptote
B. no horizontal asymptote; one vertical asymptote
C. one horizontal asymptote; one vertical asymptote
D. one horizontal asymptote; three vertical asymptotes

Use a graphing utility to graph f(z) = £/, How many points of inflection does the function have?

A0 B.1 C.2 D.3

Use a graphing utility to graph f(z) = z~%°. How many points of inflection are there?

A0 B.1 C.2 D.3
Determine which function is graphed.

1
a—
x=0 y=
A f(z) =z B. f(z) =a7/* C. f(z) =z D. f(z) = z'/°

Use a graphing utility to generate the graph of f(x) = 22%¢°® | then determine the z-coordinate of all
relative extrema on (—10,10) and identify them as a relative maximum or a relative minimum.

A. There is a relative maximum at z = 0.
B. There is a relative minimum at z = 0.

C. There is a relative minimum at £ = 0 and relative maxima at x = —1 and z = 1.
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11.

12.

13.

14.

15.

4

Answer true or false. Using a graphing utility it can be shown that f(z) = z"sinz has a relative

maximum on 0 < x < 27.

Answer true or false. lil%)1+ Vzlnz = 0.
o d

lim z%%lnz =
T=+00
A.0 B. 1
C. +0 D. It does not exist.

Answer true or false. A fence is to be used to enclose a rectangular plot of land. If there are 4900 feet
of fencing, it can be shown that a 70 ft by 70 ft square is the rectangle that can be enclosed with the
greatest area. (A square is considered a rectangle.)

2

z
Answer true or false. f(z) = o has an oblique asymptote.

-1
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True/False and Multiple Choice Summary Test

CHAPTER 5 TEST

10.

11.

12.
13.

14.

15.

16.

17.

The largest interval on which f(z) = x% + 4z + 2 is increasing is

A [0,00) B. (—x,0] C. [-2,00) D. (—o0, ~2]
Answer true or false. The function f(z) = v/z — 6 is concave down on its entire domain.

The function f(z) = 2° — 1 is concave down on

A. (—00,2) B. (2,00) C. (—0,0) D. (0,00)
Answer true or false. f(z) = z° + 2 has a point of inflection.

f(x) = |2® — 9| is concave down on

A. (—00,—3) U (3,00) B. (—00, -9} U (9, 00) C. (-3,3) D. (—9,9)
The largest open interval on which f(z) = e” is concave up is

A. (—00,0) B. (0,00) C. (—o0,00) D. (—o0,€)
Use a graphing utility to determine where f(z) = cosz is increasing on [0, 27].

A. [0, 7 B. [7,27]

C. [r/2,3n/2] D. [0,7/2] U [37/2, 27]

Answer true or false. f(z) = z° — 22® + z has a point of inflection.

f(z) = —z* — 62? is concave up on

A. (—o0,00) B. (—o0,—81) C. (—00,-9) D. nowhere

Answer true or false. If f”(—1) = 6 and f”(1) = 6, and if f is continuous on [—1,1], then there is a
point of inflection on (—1,1).

Determine the z-coordinate of each stationary point of f(z) = 2z* — 8.
A -1 B.0O C.16 D. 1
Answer true or false. f(z) =z has a critical point at z = 0.

f(z) = 2® — 8z + 7 has

A. a relative maximum at x =4 B. a relative minimum at z = 4
C. a relative maximum at x = —4 D. a relative minimum at x = —4
f(z) = €™ has

A. a relative maximum at x =0 B. a relative minimum at z =0
C. a relative maximum at t =7 D. no relative extremum

f(z) = |6z*| has

no relative maximum; a relative minimum at x = 4

A

B. 3 relative maximum at z = 4; no relative minimum

C. arelative maximum at x = 0; relative minima at ¢ = —4 and x =4
D.

no relative maximum; a relative minimum at x = 0

Answer true or false. f(z) = —e**In(3z) has a relative minimum on (0, 00).

The rational function has

A. a horizontal asymptote at y =0
B. a horizontal asymptote at y = 5
C. a horizontal asymptote at y = 4
D

no horizontal asymptote
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18.

19.

20.

21.

3
Answer true or false f(z) = p has a vertical asymptote.

7

i

o m——

x=0 w0

This is the graph that would appear on a graphing utility if the function that is graphed is
A. flz) =2° B. f(z) = z*/* C. f(z)y=z""° D. f(z) =z /4

Answer true or false. lim+ Vrlnz = oo
z—0

A weekly profit function for a company is P(z) = —0.01z* + 3z — 50,000, where z is the number of
the company’s only product that is made and sold. How many individual items of the product must
the company make and sell weekly to maximize the profit?

A. 300 B. 150 C. 600 D. 60
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CHAPTER 6
Applications of the Derivative

SECTION 6.1

10.
11.

12.

13.

14.

15.

f(z) = 3z% — 4z + 2 has an absolute maximum on [—2,2] of

A. 16 B. 22 C. 12 D. 4
f(z) = |5 — 2z| has an absolute minimum of
A0 B.3 C.1 D.5

Answer true or false. f(z) = 2® — 2% + 2 has an absolute maximum and an absolute minimum.

Answer true or false. f(z) = 2° — 182% + 20z + 2 restricted to a domain of [0,20] has an absolute
maximum at z = 2 of —22, and an absolute minimum at z = 10 of —598.

f(z) = vz — 2 has an absolute minimum of

AQatz=2 B.Oatxz=0 C.-2atx=0 D.0atz=-2
flz) = V22 + 5 has an absolute maximum, if one exists, at

A xz=-5 B.z=5 C.z=0 D. None exist
Find the location of the absolute maximum of tanz on [0, 7], if it exists.

A0 B« C. g D. None exist

f(z) = 22 — 3z + 2 on (—0o0,00) has

A. only an absolute maximum

B. only an absolute minimum

C. both an absolute maximum and an absolute minimum

D. neither an absolute maximum nor an absolute minimum
f(z) = % on [1,3] has

A. an absolute maximum at = 1 and an absolute minimum at z =3

B. an absolute minimum at £ = 1 and an absolute maximum at x = 3

C. no absolute extrema

D. an absolute minimum at x = 2 and absolute maxima at ¢ =1 and x =3
Answer true or false. f(r) = sinz cosz on [0, 7] has an absolute maximum at z = g
Use a graphing utility to assist in determining the location of the absolute maximum of f(z) =
—(x? — 3)? on (—o00,00), if it exists.
Az=v3andz=—-V3 B. z = +/3 only

C.z=0 D. None exist

Answer true or false. If f(z) has an absolute minimum at z = 2, — f(z) also has an absolute minimum
at r = 2.

Answer true or false. Every function has an absolute maximum and an absolute minimum if its domain
is restricted to where fis defined on an interval [—a,a], where a is finite.

Use a graphing utility to locate the value of z where f(z) = z! — 3z + 2 has an absolute minimum, if
it exists.

3
Al B. ¢ 1 C.o0 D. None exist
Use a graphing utility to estimate the absolute maximum of f(z) = (z — 5)? on [0, 6], if it exists.
A .25 B.0 C.1 ‘ D. None exist

55



56 True/False and Multiple Choice Questions
SECTION 6.2
1. Express the number 60 as the sum of two nonnegative numbers whose product is as large as possible.
A. 20, 40 B. 1, 59 C. 30, 30 D. 0, 60
2. A right triangle has a perimeter of 32. What are the lengths of each side if the area contained within
the triangle is to be Ipaximized?
32 32 32
A — — — B. 10, 10, 12
373’3
C. 32 — 16v/2,32 — 16v/2, —32 + 32v2 D. 8, 10, 14
3. A rectangular sheet of cardboard 4 m by 2 m is used to make an open box by cutting squares of equal
size from the four corners and folding up the sides. What size squares should be cut to obtain the
largest possible volume?
3+3 3-3 1
A. 2 B. 3 C. 3 D.1
4. Suppose that the number of bacteria present in a culture bacteria at time ¢is given by N = 10, 000e %,
Find the smallest number of bacteria in the culture during the time interval 0 <¢ < 50.
A. 67 B. 10,000 C. 3,679 D. 73,891
5. An object moves a distance s away from the origin according to the equation s(t) = 4t* — 2t + 1, where
0 <t < 10. At what time is the object farthest from the origin?
1
A0 B.2 C. 10 D. 1
6. An electrical generator produces a current in amperes starting at ¢ = 0 s and running until ¢ = 67 s
that is given by cos(2t). Find the maximum current produced.
A 1A B.0 A C.2A D. ;A
7. A storm is passing with the wind speed in mph changing over time according to v(t) = —z% 4+ 14z + 55,
for 0 < t < 10. Find the highest wind speed that occurs.
A. 55 mph B. 104 mph C. 110 mph D. 30 mph
8. A company has a cost of operation function given by C(t) = 0.01¢* — 2 + 1,000 for 0 < ¢ < 500. Find
the minimum cost of operation.
A. 1,000 B. 900 C. 500 D.0
9. TFind the point on the curve z2 + 32 = 25 closest to (0,6).
A. (0,25) B. (0,5) C. (5,0) D. (25,0)
10. Answer true or false. The point on the parabola y = 3z closest to (0,0.9) is (0,0).
11. For a triangle with sides 6 m, 8 m, and 10 m, the smallest circle that contains the triangle has a
diameter of
A 6m B.8m C.10m D.12m
12. Answer true or false. If f(t) = 3¢ represents a growth function over the time interval [a,b], the
absolute maximum must occur at ¢ = b.
13. Answer true or false. The rectangle with the largest area that can be drawn around a circle is a square.
14. Answer true or false. The reétangle with the largest area that can be drawn around a semi-circle is a
square.
15. Answer true or false. An object that is thrown upward and reaches a height of s(t) = 50 4 120t — 32t

for 0 < t < 3. The object is highest at ¢t = 3.
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SECTION 6.3
1. / i
=0 / =0 -

The graph represents a position function. Determine what is happening to the velocity at ¢ = 0.

A. It is positive. B. It is negative.
C. It is zero. D. There is insufficient information to tell.
2. \ / i
x=0 E]

The graph represents a position function. Determine what is happening to the acceleration at ¢ = 2.

A. It is positive. B. It is negative.
C. It is zero. D. There is insufficient information to tell.
3. 1
o
—
x=0 y=

The graph represents a velocity function. The acceleration at ¢t = 4 is

A. positive B. negative
C. zero D. There is insufficient information to tell.
4. \ j 1
=0 y=6z5

Answer true or false. This can be the graph of a particle’s position if the particle is moving to the
right at ¢t = 0.

x=0 u=0

Answer true or false. For the position function graphed, the acceleration at ¢t = 1 is positive.
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10.

11.

12.

13.

14.

15.

True/False and Multiple Choice Questions

/. |-

%0 ¥=0 x=0 p=0

Answer true or false. If the graph on the left is a position function, the graph on the right represents
the corresponding velocity function.

Let s(t) = sint be a position function of a particle. At t = % the particle’s velocity is

A. positive B. negative C. zero

Let s(t) = t3 — t be a position function of a particle. At 3 the particle’s acceleration is

A. positive B. negative . C. zero

s(t) =t — 2t%, t > 0. The velocity function is

A 1-2¢ B.1-t C.1—-4t D.1-4¢
s(t) = t3 — 2t, t > 0. The acceleration function is

A 32 -2 B. 6t ' C. 6t —2 D. 3¢

A projectile is dropped, and reaches the ground at 100 m/s. How long does it take the projectile to
reach ground?

A.1,020s B. 510 s C.5s D.10s

Answer true or false. If a particle is dropped a distance of 200 m. It has a speed of 98.57 m/s (rounded
to the nearest hundredth of a m/s) when it hits the ground.

s(t) = t° — 2. Find t when a = 0.

A 12 B. -12 C. -2 D.2
s(t) =t*—5,t>0. Find s when a = 0.
Al B.5 C. -5 D. -1

Let s(t) = t* — 5t be a position function. Find v when t = 1.
A -1 B.0 C.2 D1
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SECTION 6.4

10.

11.

12.

13.

14.

15.

Approximate V15 by applying Newton’s Method to the equation 22 — 3 = 0.

A. 3.872983 B. 3.872885

C. 3.872990 D. 3.872995

Approximate V10 by applying Newton’s Method to the equation 23 —-9=0.
A. 21544 B. 3.1623

C. 1.5849 D. 1.9953

Use Newton’s Method to approximate the solutions of z* — 15 = 0.

A. —1,9680, 0, 1.9680 B. —1.9680, 1.9680

C. -1.7321, 0, 1.7321 D. —1.7321, 1.7321

Use Newton’s Method to find the largest positive solution of 2! — 522 — 14 = 0.
A.1.4142 B. 1.9343 C. 3.7417 D. 2.6458

Use Newton’s Method to find the largest positive solution of 2* + z° — 62> — 7z — 7 =0.
A.1.7325 B. 2.646 C. 1.7319 D. 1.7316

Use Newton’s Method to find the largest positive solution of z! — 2% — 30 = 0.
A. 2.3403 B. 1.5651 C. 2.4495 D. 54772

Use Newton’s Method to find the largest positive solution of z* + z? -3z -3=0.
A.1.732 B. 1.000 C. 0.500 D. 1.316

Use Newton’s Method to find the largest positive solution of z* + 3% — 40 = 0.
A. 2545 B. 6.325 C. 1.495 D. 2.236

Use Newton’s Method to find the largest positive solution of 2! + z* — 22 — 2 = 0.
A. 1.260 B. 1.414 C. 1.587 D. 2.000

Use Newton’s Method to find the largest positive solution of z° + 52% — 622 — 30 = 0.
A. 3.162 B. 2.340 C. 5.477 D. 1.817

Use Newton’s Method to find the largest positive solution of z* 4+ 2% — 72? — 82 — 8 = 0.

A. 2236 B. 1.380 C. 1.710 D. 2.828

Use Newton’s Method to find the z-coordinate of the intersection of y = z* + z° and y = 72? + 8z + 8.
A. 3.742 B. 2.410 C. 2.828 D. 1.260

Use Newton’s Method to approximate the greatest z-coordinate of the intersection of y = 2° — x and
4
y=z"+z -4

A. 2.236 B. 2.410 C. 1414 D. 1.260

Use Newton’s Method to approximate the z-coordinate intersection of y = 2z° + 22% and y = —22* +
10z® + 20z.

A. 2.236 B. 1.380 C. 1.716 D. 1.627

Use Newton’s Method to find the greatest z-coordinate of the intersection of y = 3z* — 21z% and
y = 18z% — 90.

A. 3.162 B. 2.340 C. 5.477 D. 1.732



60 True/False and Multiple Choice Questions
SECTION 6.5
1
1. Answer true or false. f(z) = —on [—1,1] satisfies the hypotheses of Rolle’s Theorem.
2. Find the value ¢ such that the conclusion of Rolle’s Theorem are satisfied for f(z) = 2z% —8 on [~2,2].
A0 B. -1 C.1 D.05
Answer true or false. Rolle’s Theorem is used to find the zeros of a function.
4. Answer true or false. The Mean-Value Theorem can be used on f(z) = |z — 1| on [-2,1].
Answer true or false. The Mean-Value Theorem guarantees there is at least one ¢ on [0, 1] such that
f'(z) = 0.5 when f(z) = z.
6. Iff(z) = +/z on [0,1], find the value c that satisfies the Mean-Value Theorem.
1 1 1
A1l B. 3 C. 243 D. 3
7. Answer true or false. The hypotheses of the Mean-Value Theorem are satisfied for f(z) = +/|z| on
[-1,1].
8. Answer true or false. The hypotheses of the Mean-Value Theorem are satisfied for f(z) = cosz on
[0, 4m].
1
9. Answer true or false. The hypotheses of the Mean-Value Theorem are satisfied for f(z) = pp on
[0,4m].
10. Find the value for which f(z) = 2® + 7 on [1, 3] satisfies the Mean-Value Theorem.
9 7 11
. B. - .z D. —
A 2 1 C 3 )
11. Find the value for which f(z) = 2* — 5 on [2, 3] satisfies the Mean-Value Theorem.
A. 2.5166 B. 2.5000 C. 2.2500 D. 2.1250
12. Answer true or false. A graphing utility can be used to show that Rolle’s Theorem can be applied to
show that f(z) = (z — 5)? has a point where f'(z) = 0.
13. Answer true or false. According to Rolle’s Theorem if a function’s derivative is 0, the graph of the
function must cross the z-axis.
14. Find the value c that satisfies Rolle’s Theorem for f(z) = cosz on [r/2,37/2].
T T 3m
15. Find the value ¢ that satisfies the Mean-Value Theorem for f(z) = z° = 0 on [0, 1].

A Y3 B Y3 . V2

D.
3 2 2

ol
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CHAPTER 6 TEST

10.

11.

12.

f(z) = 22% + 2 has an absolute minimum on [-3, 3] of

A2 B. -2 C. 52 D. -52
f(z) = z* + 1 has an absolute maximum on [-1, 1] of
A0 B.6 cC. 11 D.2
f(z) = 3sin(z?) has an absolute minimum of
A -5 B. -3 C.0 D. —-%

1
flz) = o has an absolute maximum on [1, 3] of

1

Al B. 3 C.9 D. None exist.

1
Answer true or false. f(x) = s has an absolute maximum of 1 on [—1,1].

Express the number 60 as the sum of two nonnegative numbers whose product is as large as possible.
A.5,55 B. 10, 50 C. 30, 30 D. 1,59

An object moves a distance s away from the origin as given by s(t) = t*+2, 0 < t < 10. At what time
is the object farthest from the origin?

A0 B.2 C.8 D. 10

Find the point on the curve z? +y* = 16 closest to (0, 3).
A. (0,4) B. (4,0) C. (—4,0) D. (0,—4)

Answer true or false. A growth function f(z) = 4e%%%, 0 < t < 4 has an absolute maximum at ¢ = 4.
/ 1

x=0 y=0

The graph represents a position function. Determine what is happening to the velocity at ¢ = 3.

A. Tt is increasing. B. It is decreasing.
C. It is constant. D. More information is needed.
/ 1
x=0 y=Q

The graph represents a position function. Determine what is happening to the acceleration at ¢ = 1.

A. Tt is positive. B. It is negative.
C. It is zero. D. More information is needed.

Let s(t) = t?> — 2 be a position function particle. The particle’s acceleration for ¢t > 0 is

A. positive B. negative
C. zero D. More information is needed.
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13.

14.

15.

16.

17.

18.

19.
20.

True/False and Multiple Choice Summary Test

Let s(t) = 4 — t* be a position function. The particle’s velocity for ¢ > 0 is

A. positive B. negative
C. zero

s(t) =4t> —12. a =0 when t =
A0 B. 8 C.2 D. nowhere

Approximate V15 using Newton’s Method.

A. 38724 B. 3.8715
C. 3.8751 D. 3.8730

Use Newton’s Method to approximate the greatest z-coordinate of the solution of 242t —Tr-7=0.
A. 4.000 B. 2.646 C. 5.292 D. 3.037

Use Newton’s Method to approximate the greatest z-coordinate where the graphs of y = 3 — 6z -5
and y = —x% 4 x + 2 cross.

A. 4.000 B. 2.646 C. 5.292 D. 3.037
Answer true or false. The hypotheses of Rolle’s Theorem are satisfied for f(z) = % —1on [-1,1].

Answer true or false. Given f(x) = z2 — 9 on [~3, 3], the value c that satisfies Rolle’s Theorem is 0.

Answer true or false. f(z) = 2° on [—1,1]. The value c that satisfies the Mean-Value Theorem is 0.
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Integration
SECTION 7.1
1. f(z) = 4x; [0,1] Use the rectangle method to approximate the area using 4 rectangles.
A2 B.1 C. 15 D. 175
2. f(z) =10 4+ z; [0,2] Use the rectangle method to approximate the area using 4 rectangles.
A.10.625 B. 10.375 C. 11.000 D. 10.750
3. f(x)=+v1+z+2; [0,1] Use the rectangle method to approximate the area using 4 rectangles.
A 3.166 B. 3.250 C. 3.500 D. 3.141
4. Use the antiderivative method to find the area under 2z°/3 on [0, 1]
A 0171 - B.0.147 C. 0.170 D. 0.167
5. Use the antiderivative method to find the area under z* on [-3, —2]
A 422 B. 40.5 C. 45.1 D. 443
6. Use the antiderivative method to find the area under z — 5 on [5,6].
A 35 B. 0.5 C. 45 D. 3.0
7. Use the antiderivative method to find the area under z* + 2 on [0,2].
A.800 B. 7.00 C. 6.67 D. 5.62
8. Use the antiderivative method to find the area under z° on [3,4].
A. 516.17 B. 516.25 C. 516.25 D. 517.00
9. Use the antiderivative method to find the area under :c\/;z_-i-f) on [1,2].
A. 430 B. 4.20 C. 4.10 D. 4.02
10. Use the antiderivative method to find the area under cos™ z on [0,1].
A.1.00 B.1.04 C.0.70 D. 0.96
11. Use the antiderivative method to find the area under 2z* + z on [0,2].
A 132 B. 10.8 C. 148 D. 15.2
12. Use the antiderivative method to find the area between the curve y = 2¢* and the interval [0,2].
A.12.78 B. 13.02 C.13.24 D. 14.48
13. Use the antiderivative method to find the area between y = 3z° and the interval [—4,—2].
A. 6,967 B. 6,872 C. 6,901 D. 6,885
14. Use the antiderivative method to find the area under 2z + z* on [1,3].
A 16.75 B. 16.81 C. 16.61 D. 16.67
15. Use the antiderivative method to find the area under 10z + 40 on [2,5].
A 221 B. 225 C. 229 D. 233

CHAPTER 7



True/False and Multlpie Cholce Questions

SECTION 7.2

1.

10.

11.

12.

13.

14.

15.

[ 2idr =

3 5 5
AZ e BL 4o c.Z o
3 5
/xzfadxz
3 3 3
A — . 25 . — gt
2x1{3+C B 52 +C C £ +C
/\’/Ed:c=
_6 5_ e 5 o5
A, B0t +C B. i +C C. e +C
/z‘adz=
A.—-33+C B.—l+C C.l3+C
x T T
/2Smxdz=
A 2sinfz+C B. 2cosz+ C C. —~2cosz+C
]96’d:c=
A 9eF+ C B. % +C C. ~9" +C
/ smzmda::
cos*
A, —;+C B. 1 +C C.——I-—+C
cos® x cosx coS T
fia-
x
4 4
A.—2+C B.-=+C C.-8lnz+C
T T
Answer true or false. /g +2e%dz =3z + 25+ C
Answer true or false. szinxcoszdz=3sinzcosx+C
2 1 z?
Answer true or false. | £+ ——dr=— +In|cosz|+C
. COBT 3
Answer true or false. /m+z2x5dx=x2+:c‘+mﬂ+c
Answer true or false. / sinz — coszdr = —cosx —sinz + C
. dy 4
Find y(x). 2 =2 ,y{0) =1.
x® z° 28
A, 5 +1 B. 5 C. T -1

. dy .
Find y(z). 2 T y(0) + 4.
A ef+3 B.ef+2 C. &

D. -;W+c
D. —%Jrc
D. 3 +C




Section 7.3

SECTION 7.3
1. /2:5(.«52 —5)8dz =
2 _ my\0
A B o
9
C.9(z* -5+ C
2. fsmszcosxdx =
. 4T
A. sin 1 +C
C.costasin’z+C
3. /Sxe‘”’d:r: =
A% e
2z
)
4. /LI.P_.I_)_dx =
x
A lnz+C
5. /e_7d:c =
A —Te+0
6. / (& + 9)%dz =
A Bz+9)+C
10
c. XY Lo
9
7. f Eda: =
T
Inzx
A, T +C
8. Answer true or false.
9. Answer true or false.
10. Answer true or false
11. Answer true or false
12. Answer true or false
13. Answer true or false
14. Answer true or false.
15, Answer true or false

(2% - 5)
z +C

D. 7(z*-5)"+C

B.

B.cos4§+0

D. 4sinz + C

B. 2% +C C.22+e +C

3
B. (Inz)* +C C. @-»c

+C C.7e "+ C

2

{(z+9)7
7

z? 8
B. (—‘l'g) +C

D. +C

B.3Inz+C c.l-“i‘?-+c
/:c\/:c —Tdz = %(a: -2 —4/3(x -1V +C

For / x sin xdz a good choice for u is 7.

e " . -
. For /—e_x n 5da: & good choice for uis e™ + 5.
. j:.c\/ 629 — 3dx can be easily solved by letting u = z°.

. f 2*(z® + T)**dx can be easily solved by letting u = 2° + 7.

. f In z%dz can be easily solved by letting u = z°.

/ cos® zdx can be easily solved by letting u = cos x.

. / ¢4z can be easily solved by letting u = —8z.

D.4e" +C

D lnz+C
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68 True/False and Multiple Choice Questions

SECTION 7.4

10.

11.

5
Y sk =

k=1

A. 45 B. 165 C. 78
7 -

>ov=

j=3

A. 90 B. 18 C. 120
8

> sin(kr) =

k=1

A4 B.0 C.2

4
Answer true or false. E(t +3) =22

i=1
Express in sigma notation, but do not evaluate. 3+4+5+6

3 8 4
A i B. > i c Y i
i=0 i=3 i=1
Express in sigma notation, but do not evaluate. 1 +4+9+16+25+ 36 +11

5 6
A i B.Y i+1

i=1 =3
1 6
C. Z 2 D. > i
=1 =2

Express in sigma natation, but do not evaluate. 7+ 8+ 9+ 10
5 1
A>T B. > 12i
i=1
4
C.> 246

i=
i=1 i=1

4

Answer true or false. 3 + 9+ 27 + 81 can be expressed in sigma notation as Z i3,

i=1
3

Answer true or false. 16 + 64 + 256 can be expressed in sigma notation as Z it
i=1

1
Zom‘ =
=3

A. 5,047 B. 5,050 C. 5,035
o1
Jm S (5) =
k=1
5] 1
A0 B. 3 C. 1

D. 18

D. 3,265

4
D.) i+1

i=0

D. 5,000

o=



Sectlon 7.4

12,

13.

14.

15.

A. % B.5 C. 30

n L] 7
Answer true or false. fo = (Z 2:4)

i=1 =1

Answer true or false. i(a, + 3} = ia.- + 3Zﬂ:b,-

F=1 i=1 i=1

n "
Answer true or false. 2804 = SZ a;

i=1 i=]

ol

69
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True/False and Multlple Choice Questions

SECTION 7.5

1.

10.

11.

12,

13.

14.

15.

8
f:cd:z::
2

A 30 B. 15 C. 60
5
ﬂ _
A3 B. 15 C.6
5
{10 — z|dz =
-5
A. -100 B. 100 C.0
3
2v/9 — ridxr =
-3
A g B. 18 C. -18
1 2z
_/ﬂ 2+ xdx B
A. 0198 B. 0.362 C.0
/6™ sinxdr =
-
AO B.0.134 C. 0.268

; ; ;
Answer true or false. jll [2f(z) + 3g{z)]dx = 4 lff flx)dz = -1 and / glx)dz = 2.
1 1

5
/ x +2’dz =
2
A, 162.75 B. 71.25 C 3
3z’ . "
Angwer true or false. /j T xdx is positive.

Answer true or false. /ﬂ |z + 4|dzx is negative.
-3

-1
Answer true or false. [ %dﬂb‘ is negative.
-2

k
Answer true or false, f 4drdz = Hm - Z4£A:c,-
max Ax-—(

i=1

A0 B.3 C. 27
1
/ x — 2dx =
0
A. —05 B. 0.5 C1
2
/ vV 22 + 6dr =
-2

AO B. 5.41 C. 10.83

D. 75

D. 0.293

D. 45

D. 18



Section 7.6

SECTION 7.6

10.

11.

12.

13.

14.

15.

wo|H,

8 8
Answer true or false. / rdr = —|
5 5

T
Answer true or false. f coszdr = —sinz |
0

0
rl
] 2z =
-4

A O B. 42.7 C.213
s

f ldw =

1 £
A2 B. & C.e
Find the area under the curve y =z — 2 on (3,5].
A2 B. 14.33 C. 28.67
Find the area under the curve y = ~(z + 3){z — 2) and above the g-axis.
A. 20.83 B. 41.67 C.5

Find the srea under the curve y = ¢” and above the 2-axis on [-1,0].
A0 B.1.72 C. 063

2
Use the Fundamental Theorem of Calculus. f 2~y =
1

A.0.78 B. -0.78 C.1
a4
[ cotzdz =
wfd
T
A0 B. 3 C. 0.70

3
Answer true or false. / 2dz =0
=
2 0 2
Answer true or false. f lzldz = ] —zdr + [ rdx
2 -2 0

2 3
Answer true or false. f ide = f ds
1 2

10
Answer true or false. f z?dz = (z%)*(10 — (~10)) is satisfied when z* = 0.

=10

Ansgwer true or false, 4 / hdz = 2*
dz fy

Answer true or false. %/ sinzdz = sinz
0

71

D. 0.35



True/False and Multiple Cholce Questions

SECTION 7.7
1. Find the displacement of a particle if v(t) = cos¢; [0, 7).
A0 B.1 C.2 D. 2
2. Find the displacement of a particle if v(t) = sint; [0,37/2].
Al B.0 C.2 D. 87 /2
3. Find the displacement of a particle if v(t} = t*; [-1,0].
Ao B. 0.17 C. -0.17 D. -1
4. Tind the displacement of a particle if v(t) = ¢ + 2; [0, 3].
A.15 B. 45 C. 75 D. 30
5. Find the displacement of a particle if v(t) = e + 5; [0, 1.
A, 839 B.1.72 C. 481 D. 3.15
6. Find the area between the curve and the 2-axis on the given interval. y = 2% — 4; [—4,0]
A 533 B. 10.67 C.186 D.8
7. Answer true or false. The area between the curve y = * — 1 and the z-axis on [0,2] is given by
2
/ z* - 1dz.
0
0 2
8. Answer true or false. If a velocity v(t) = t* on [—2,2), the displacement is given by f —tadt+/ £3dt.
-2 0
9. Find the total area between y = €° and the z-axis on [0, 3).
A. 19.09 B. 7.39 C. 6.39 D. 8.49
10. Find the total area between y = é and the z-axis on [1,1.5].
AO B.1 C.0.69 D.o.41
: 6
11. Answer true or false. The area between y = % and the saxis on [4,6] is —/ %da:.
4
7
12. Answer true or false. The area between y = z* + cosz and the z-axis on [0,7] is / z™* + coszdz.
0
1 . ) !
13. Answer true or false. The area between y = i and the z-axis on [-2,-1} is — ;dx
2 2
14. Answer true or false. The area between y = z° — z* and the zaxis on [1,2] is f zdz + / ztdz.
1 1
15. If the velocity of a particle is given by v(t) = 5; [0, 2] the displacement is

A0 B.5 C. 10 D2



Section 7.8

SECTION 7.8

1.

10.

11.

12.

13,

14.

15.

2
/ (z+ G)Sd:z: =
o
A. 13,793,337

1
2
jg" 5a:+3dx -

A, 0.392

Answer true or false

Answer true or false

fl(m +3)%dz =
g .

A. 033

Answer true or false

Answer true or false

Answer true or false

[ 7evm

C. 0.981

) /tan‘:rsec%cdx:[u%u if 4= tanwz.

./01(:.-:+4)(x—5)15d:1:=f

ulbdu if u =z — 5.

C. 233

1
. For / €*(2 + 7e*)2dz a good choice for 1 is &*.
]
1
. For f (9 + 4¢*)dx a good choice for uis 9 + 4e”.
0

dz & good choice for  is 5 + /=

2
Answer true or false. For / e”*dz a good choice for u is 7z.
0

1
/ e Sdr =
o

A.0.216

Answer true or false.

Answer true or false

i
f 2 cosdxdr =
[}
Al

1
/ vz +4ddr =

0
A.1.08

d %
Efo t°dt =

A %8

2
cos® xde =2 f cos’ zdz
0

C. 0.199

C. 2.359

C.0

C. 221

73

D. 124,140,032

D. 0.039

D. 5.33

. 0.519

D. —-2.359

D. 7.06

211
Dl:c
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True/False and Multiple Cholce Questions

SECTION 7.9
1. Simplify. f* =
A 2° B. 5z C. g
2. Simplify. In{e ™) =
A g? B.z® C. -8
3. Simplify. In(ze®) =
A6 B.6+Inz C.6z+Inx
4. Approximate ln9/2 to 3 decimal places.
A. 1507 B. 1.504 C. 1.507
5. Approximate In9 to 3 decimal places.
A. 2197 B. 2.200 C. 2.203
6. Approximate In7.2 to 3 decimal places.
A. 1.965 B. 1.968 C. 1.971
7. Let f(z) = e ", the simplest exact value of f(In2) =
1
.e”!0 P . 10
Ae B 0 C
- 3 3
8. Answer true or false. If F(z) = Edt, F(z)= e
1
“3 9
9. Answer true or false. If F(z) = / ?dt‘ Fl(z) = =
1
1\ %
10. Answer true or false. lim (1 + —) =0.
-t o] i
11. Answer true or false. iin(l)(l 4 8z = ¢
12. Angwer true or false. liml}(l +4x)/l7 = p
13. Approximate In8.3 to 3 decimal places.
A. 2108 B. 2.014 C. 2.116
14. Approximate In2.1 to 3 decimal places.
A 0.742 B. 0.746 C. 1.654
15. Approximate In5.4 to 3 decimal places.
A.1.680 B. 1.686 C. 1.691

D.6lnx

D. 1.510

D. 2.206

D. 1.974

10

D. 2.120

D. 1.660

D. 1.695
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CHAPTER 7 TEST

10.

11.

12.

13.

14.

15.

f(x)} = z3; [0,4]. Use the rectangle method to approximate the area using 4 rectangles. Use the left
side of the rectangles.

A. 45 B. 5.0 C. 425 D. 7.0

Use the antiderivative method to find the area under ¥ = 22 + 3 on [0,1].
A. 340 B. 3.33 C. 3.50 D. 3.67

Answer true or false. / ridr =918 + C

f5cosa: +C =
A.5sinz+C B. —5sinz + ¢
C.5cosz+C D. ~5cosz + C
/12erd:r: =
A 1285+ C B. fz—2 +C
C. -12*+C D.—§+C
12

Answer true or false, [ I +ePdr =325+ e+ C

7
3o

=3
A 99 B. 4 C.135 D. 149

4
Answer true or false. 13+ 16 +19+22+25 =) _ 13i.
i=1
24 938
#+2P

8 C.

Answer true or false. / 2x(z? + 2)7dz =
Answer true or false. For / 5¢**dx, a good choice for u is 15z.

Answer true or false. For f vz — Tdz, a good choice for uis x — 7.

4 4
Answer true or false. Z 5i=5 Z:i
i=1 i=1
n 2 k
L9 (?) =
2 1 2 3
A. § B- E C- g D E
10
j | -z — 5ldz =
6
A. 60 B. 52 C.5 D. 20

10
x
Answer true or false. / ——dxz is positive.
7 4 +x
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16

17.

18.

19.

20.

3

f z°% —~ 2% 4+ 32%dx =.
-3

A.

54 B. 114.75
e
84—
1 2
A. 6.00 B. 6.48
Find the displacement of a particle if v(t) = t%; [0,4].
A4 B. 8.33
2
1 Ing-Inl
Answer true or false. /1 8:1:+1dz_ 3

Approximate In18.4 to 3 decimal places.
A. 2906 B. 2.908

=400 1 9z
21. Answer true or false. lim (1 + —) = e.

9z

True/False and Multiple Choice Summary Test

C. —114.75 D. 229.5
C.5.14 D. 3.30

C. 682.67 D.2

C. 2,912 D. 2917531



SOLUTIONS

SECTION 7.1
1.C 22D 3. A 4D 5A 6B 7.C 8A 9.C 100A 11.C 12A 13 A 14D 15 B

SECTION 7.2
1.B 2B 3.B 4B 5C 6.A 7.B 8D 9T 10.F 11.F 12.F 13. T 14 A 15 A

SECTION 7.3
LA 2A 3D 4C 5B 6C 7B 8&T 9T 10T 1.F 12T 13.F 4 F 15T

SECTION 7.4
1.B 22D 3B 4T 5B 6C 7B 8T 9F 10.A 11.D 122B 13 F 4. T 15T

SECTION 7.5
i.LA 2B 3 A 4D 5B 6A 7T 8A 9T 10.F 11.L.F 12T 13.A 14 B 15 A

SECTION 7.6
.. T 22F 3B 4 A 5.C 66A 7.C 8A 9A 10T 11.T 12F 13T 14 T 15 F

SECTION 7.7
LA 22A 3.C 4A 5B 6C 7.F 8F 9. A 10D 1LL.F 12F 13T 14 F 15C

SECTION 7.8
LA 2A 3T 4F 5B 6F 7.T 880.T 10.C 11.T 12T 13.B 14 A 15 C

SECTION 7.9
1.LA 22C 3B 4B 5A 6D 7B 8&F 9T 10.F 11.T 12F 13.C 14 A 15 B

CHAPTER 7 TEST

1.A 2B 3 F 4 A 5A 6F 7.¢C 8T 9T 10T 11.T 12T 13.C 14. B 15. T
16 A 17.D 18.C 19.T 20.C 21.T



CHAPTER 8

Applications of the Definite Integral
in Geometry, Science, and Engineering

SECTION 8.1

10.

11.

12,

13.

14.

15.

Find the area of the region enclosed by the curves y = 2% and y = x by integrating with respect
to x.

A 1 1

1
s B. 1 C.Z D.E

2 3
Answer true or false: / 8z — 3 dx = / % — Jydy.
0 0
Find the area enclosed by the curves y = 2%, y = ¥z, 2 =0,z = 1/2.
A. 0.295 B. 0.315 C. 0.273 D. 02719

Find the area enclosed by the curves y =sin3z, y =z +2,z =0, = 7.
A, 427 B. 238 C. 10.55 D. 10.68

Find the area between the curves y = Jx — 1|, y = % + 1.
A, 3.0240 B. 4.0000 C. 3.0251 D. 3.0262

Find the area between the curves z = |y, z = -y + 2, y = 0.
A 2 B. 1 C. 05 D. 03

Use a graphing utility to find the area of the region enclosed by the curves y = x% — 22 + 5z + 1,
y=0,x=0,z=2.

A, 9.67 B. 10.33 C. 1067 D. 11.33

Use a graphing utility to find the area enclosed by the curves y = z°, y = ~z%, £ =0, z = 3.
A. 130.5 B. 120.75 C. 140.5 D. 125.25

Use a graphing utility to find the region enclosed by the curves z = ¢4, z = VY-
Al B. 0.5 C. 0.3182 D. 0.466

Answer true or false: The curves y = 72 + 2 and y = 3z intersect at t = 1 and = = 2.
Answer true or false: The curves £ = y? + 2 and z = 3y intersect at y = 3 and y = 6.
Answer true or false: The curves ¢ = sinz, ¥ = z2 intersect at £ = 0 and = = =.

Answer true or false: The curves y = sin(rz/2), y = z° intersect at z =0 and z = 1.

Find a vertical line ¢ = k that divides the area enclosed by y = /7, y = 0 and = = 4 into equal
parts.

A k=4 B. k=4%3 C. k=437 D. k=2

Approximate the area of the region that lies below y = cosx and above y = 0.1z, where 0 < x < 7.
A. (0.8879 B. (.8885 C. 0.8892 D. 0.8895

79
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True/False and Multiple Choice Questions

SECTION 8.2

10.

11.

12.

Use the method of disks to find the volume of the solid that results by revolving the region enclosed
by the curves y = 2°, £ = 0, £ = 4, y = 0 about the z-axis.

A, 7,353.122 B. 3,676.561 C. 14,706.244 D. 46,201.028

Use the method of disks to find the volume of the solid that results by revolving the region enclosed
by the curves y = v/sinzx, £ = 0, z = #/2, y = 0 about the x-axis.

A w4 B. 2r C. =n/2 D. m

Use the method of disks to find the volume of the solid that results by revolving the region enclosed
by the curves y = 4 — 222, y =0, x = 0, ¢ = 2 about the z-axis.

A. 1257 B. 15791 C. 50.27 D. 829

Use the method of disks to find the volume of the solid that results by revolving the region enclosed
by the curves ¥ = e®, y =0, £ = 0, z = 1 about the r-axis.

A 12824 B. 20.07 C. 10.04 D. 264.50
Answer true or false: The volume of the solid that resulés when the region enclosed by the curves

2
y=123y=0,x=0, =2 is revolved about the z-axis is given by / 8 dz.
0

Answer true or false: The volume of the solid that results when the region enclosed by the curves
2

3
¥ =+, y=0,x =0, x = 3 is revolved about the z-axis is given by (/ T d:c)
0

Use the method of disks to find the volume of the solid that results by revelving the region enclosed
by the curves y = 2%, z = 0, y = 1 about the y-axis.

A 0.83 B. 2.62 C. 823 D. 2.24

Use the method of disks to find the volume of the solid that results by revolving the region enclosed
by the curves 2 = /y + 4, 2 = 0, y = 1, ¥ = 0 about the y-axis.

A 1414 B. 4941 C. 6.66 D. 20.93
Use the method of disks to find the volume of the solid that results by revolving the region enclosed

by the curves x = 32, £ = y + 6 about the y-axis.
A 2083 B. 65.45 C. 523.60 D. 1,028.08 -

Answer true or false: The volume of the solid that results when the region enclosed by the curves

1
z = y?, z = y? is revolved about the y-axis is given by / {(y* - y4)2 dy.
0

Find the volume of the solid whose base is enclosed by the circle 22 4+ y? = 9 and whose cross
sections taken perpendicular to the base are semicircles.

A 11310 B. 35531 C. 5.73 D. 117.65

Answer true or false: A right-circular cylinder of radius 6 cm contains a hollow sphere of radius
4 em. If the cylinder is filled to a height A with water and the sphere floats so that its highest
point is 1 cm above the water level, there is 9wh — 87 /3 cm? of water in the cylinder.



Section 8.2 . 1

13.

14.

15.

Use the method of disks to find the volume of the solid that results by revolving the region enclosed
by the curves y = cosbz, T = 0, x = 7/2 about the z-axis.

A 035 B. 1.11 C. 049 D. 0.76

Use the method of disks to find the volume of the solid that results by revolving the region enclosed
by the curves y = €2*, x = 2, y = 1 about the z-axis.

A. 574,698.32 B. 2,334.17 C. 693.39 D. 2,178.36

Answer true or false: The volume of the solid that results when the region enclosed by the curves
y = 22 and T = y is revolved about = = 1, correct to three decimals, is 0.419.
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True/False and Multiple Choice Questions

SECTION 8.3
1. Use cylindrical shells to find the volume of the solid when the region enclosed by y = z2%, x = 1,
z = 2, y = 0 is revolved about the y-axis.
1572 157 167 151
AT B “ % D 5
2. Use cylindrical shells to find the volume of the solid when the region enclosed by y = /z, z = 0,
z = 1, y = 0 is revolved about the y-axis.
A, 04rm B. 0.8% C. 02% D. 0.2n2
1
3. Use cylindrical shells to find the volume of the solid when the region enclosed by v = et =1,
x = 2, y = ( is revolved about the y-axis.
A. 0.6937 B. 1.386x C. 0.693x2 D. 1.3867>
1
4. Use cylindrical shells to find the volume of the solid when the region enclosed by y = .2 x =1,
x =2, y =0 is revolved about the y-axis.
A #? B. 0.57% C. =« D. 0.05n2
5. Use cylindrical shells to find the volume of the solid when the region enclosed by y = sin(z?),
y=0,z=10,z =1 is revolved about the y-axis.
A. 0.506x% B. 0.520x C. 0.460x D. 0.5007
6. Use cylindrical shells to find the volume of the solid when the region enclosed by y = e"’g, =1,
x =2, y = 0 is revolved about the y-axis.
A. 51.880x B. 12.970x% C. 6.485r D. 25.940x
‘7. Use cylindrical shells to find the volume of the solid when the region enclosed by y =2 —4, y = —=x,
x =4, y = 0 is revolved about the y-axis.
80 32r 16m 8
A — . — . — . =
3 B 3 v 3 D 3
8. Use cylindrical shells to find the volume of the solid when the region enclosed by y = 22 — 3z,
y = 0 is revolved about the y-axis. :
27w 27r 27m
A.. T B. 27?1' C- T D. —4"'
9. Use cylindrical shells to find the volume of the solid when the region enclosed by z = y2, x = 0,
14 = 2 is revolved about the r-axis.
A 4 B. 4w C. 8 D. 8n
10. Use cylindrical shells to find the volume of the solid when the region enclosed by y = ¥, x = 1,
y = 0 is revolved about the z-axis.
T m iy 27
A. o B. 5 C. 2% D. =
11. Use cylindrical shells to find the volume of the solid when the region enclosed by 2y =7, z+y =6

is revolved about the z-axis.

T

A. 3 B. 164~ C. 328w D. 656w
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12,

13.

14.

15.

Use cylindrical shells to find the volume of the solid when the region enclosed by zy = 7, x+y =6
is revolved about the y-axis.

A. % B. 164r C. 32.87 D. 65.6n

Use cylindrical shells to find the volume of the solid when the region enclosed by y = z?, r = 1,

x =2, y = 0 is revolved about the line r = 1.
A 28337 B. 3.333r C. 0.833w D. 4.958x%

Use cylindrical shells to find the volume of the solid when the region enclosed by y = 22, x = I,
z = 2, y = 0 is revolved about the line z = —1.

A 1.521xn B. 12.16x C. 6.083% D. 24.333w

An;wer true or false: The region enclosed by revolving the semicircle y = v'4 — 2 about the z-axis
. 32w
is =
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True/False and Multiple Choice Questions

SECTION 8.4

10.

11.

12.

13.

Find the arc length of the curve y = 22%%2 fromz =0 to z = 8.
A 109 B. 109x« C. 68 D. 68nw

Find the arc length of the curve y = %(IQ +2¥2 fromz=0tox =2.
A 649 B. 12.99 C. 25.98 D. 51.96
Answer true or false: The arc length of the curve y = {(z ~ 2)*/2 from z = 0 to = = 5 is given by

/5\/1+(:c—2)3d:c.
)

Answer true or false: The arc length of the curve y = ¢* — e from + = 0 to £ = 4 is given by

/4 v 1+ (2e*)2dz.
o

The arc length of the curve y = %(y2 +4Y? fromy=0toy=11is
A, 2333 B. 1.667 C. 4.667 D. 9$.333

Find the arc length of the parametric curve z = %, y = %tz, D<t <2
A, 3.328 B. 3.324 C. 10.180 D. 3.348

Find the arc length of the parametric curve x = sing, y = —cost, 0 < ¢ < w/2.
2

A I B. = C. 7 D. =«
2 4
Answer true or false: The arc length of the parametric curve z = €%, y = €f, 0 < £ < 3 is given by
3
/ v 2et dt.
0

The arc length of the parametric curve z =sin2t, ¥y = —cos2t, 0 <t < 11is
A 2 B. 2 C. x D. &r

2t

Answer true or false: The arc length of the parametric curve z = %, y = €, 0 <t < 2 is given

2
by / V2et dt.
0

Use a CAS or a calculator with integration capabilities to approximate the arc length of y = sinz
fromz =0toxz =7/2.

A, 143 B. 1.74 C. 186 D. 1.9t

Use a CAS or a calculator with integration capabilities to approximate the arc length of z = sin 3y
fromy=0toy=m.

A, 2042 B. 7.002 C. 2.051 D. 2916

Use a CAS or a calculator with integration capabilities to approximate the arc length of y = sin 3z
fromz=0toz=m

A 2.042 B. 7.002 C. 2.651 D. 2916
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14.

15.

Use a CAS or a calculator with integration capabilities to approximate the arc length of y = ze®
from z =0 to x = 2.

A, 21.02 B. 4.17 C. 15.04 D. 19.71

Answer true or false: The arc length of y = zsinz from T = 0 to x = 7 can be approximated by
a CAS or a calculator with integration capabilities to be 4.698.



True/False and Multiple Choice Questions

SECTION 8.5
1. Find the area of the surface generated by revolving y = 2z, 0 < £ < 1 about the r-axis.
A 447 B. 7.03 C. 2810 D. 8828
2. Find the area of the surface generated by revolving ¥ = +/1 — z, 0 < ¥ < 1 about the z-axis.
A 447 B. 28.07 C. 517 b. 7.02
3. Find the area of the surface generated by revolving £ = 2y, 0 € y < 1 about the y-axis.
A, 447 B. 7.03 C. 2810 D. 88.28
4. Find the area of the surface generated by revolving # = /7, 1 < y < 2 about the y-axis.
A, 67.88 B. 344 C. 1018 D. 2160
5. Answer true or false: The area of the surface generated by revolving z = /7, 1 <y < 5 about the
5
1
y-axis is given by /1. 2ny (1 + 4—%) dy.
6. Amnswer true or false: The area of the surface generated by revolving r = €¥, 0 < y < 1 about the
1
y-axis is given by / 2yl + e2¥ dy.
0
7. Answer true or false: The area of the surface generated by revolving z = siny, 0 < y < 7 about
T
the y-axis is given by f 2ay+/ 1+ cos? T dx.
0
8. Use a CAS or a scientific caleulator with numerical integration capabilities to approximate the
area of the surface generated by revolving the curve y = €%, 0 < 1 < 0.5 about the r-axis.
A. 1854 B. 9.27 C. 1.48 D. 1.36
8. Use a CAS or a scientific calculator with numerical integration capabilities to approximate the
area of the surface generated by revolving the curve £ = ¥, 0 < y < 0.5 about the y-axis.
A. 1854 B. 927 C. 1.48 D. 1863

10. Answer true or false: A CAS or a calculator with numerical integration capabilities can be used
to approximate the area of the surface generated by revolving the curve ¥ = sinz, 0 < x < w/2
about the r-axis to be 8.08.

11. Answer true or false: A CAS or a caleulator with numerical integration capabilities can be used
to approximate the area of the surface generated by revolving the curve y = cosz, 0 < = < w/2
about the z-axis to be 4.04.

12. Answer true or false: A CAS or a calculator with numerical integration capabilities can be used
to approximate the area of the surface generated by revolving the curve £ = cosy, 0 < y < w/2
about the y-axis to be 4.04.

13. Answer true or false: The area of the surface generated by revolving the curve z = e, y = 2,

1
0 < ¢ <1 about the z-axis is given by 211'/ tv edt 4+ 4t2 dt.
0
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14. Answer true or false: The area of the surface generated by revolving the curve © = ef,

1
0 <t <1 about the y-axis is given by 271'/ 124/t + 4t2 dt.
o

y = 12,

15. The area of the surface generated by revolving the curve x = 4cost, y = 4sint, 0 <t < 7 about
the z-axis is
167 8w 4
A, — B. — C. — D 8
3 3 3 i



g8 True/Falze and Multiple Choice Questions
SECTION 8.6
1. Find the work done when a constant force of 20 1b in the positive z direction moves an cbject from
z=-3tox =41t
A. 20 ftib B. 140 ft-lb C. 40 ft-1b D. 100 ft-1b
2. A spring whose natural length is 15 cm is stretched to a length of 20 cm by a 2-N force. Find the
work done in stretching the spring.
A 011 B. 041 C. 0T71] D. 03]
3. Assume 20 J of work stretch a spring 4 cm. Find the spring constant in J/cm.
A 80 B. 5 C. 125 D. 25
4. Answer true or false: Assume a spring is stretched 40 cm by a force of 500 N. The work needed to
do this is 200 J.
5. A cylindrical tank of radius 5 m and height 10 m is filled with a liquid whase densnty is 0.92 kg/m?3
How much work is needed to lift the ligquid out of the tank?
A. 3612831 B. 2,952711] C. 2,871.741] D. 2,836.26 )
6. Answer true or false: The amount of work needed to lift a liquid of density 1.30 kg/m® from a
8
spherical tank of radius 4 m is / 1.30(8 — x)rz’dz
0
7. An object in deep space is initially considered to be stationary. If a force of 500 N acts on the
object over a distance of 200 m, how much work is done on the ohbject?
A 015 B. 100,000 J C. 50,000 J D. 25,000 ]
8. Find the work done when a variable force of F{z) = 2:—12 N in the positive z-direction moves an
object from z =2 m to r = 8 m.
A 01887 B. 1.500J C. 0.750J] D. 03751
9. Find the work done when a variable force of F(z) = 931—2 N in the positive x direction moves an
object from z =4 m to z =5 m.
A, 0.1137J B. 1.001J C. 0.05)] b. 0257
10. Find the work done when a variable force of F(z) = 30z N in the positive z direction moves an
object fromz=0mtoz =4 m.
A, 2407 B. 3201 C. 801 D. 160J
11. If the gravitational force is proportional to 72, the work it does is proportional to
Azt B. 3 C.z D. 772
12. Answer true or false: It takes the same amount of work to move an object from 10,000 km above

the earth to 110,000 km above the earth as it does to move the object from 200,000 km above the
earth to 300,000 km above the earth.
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13.

14.

15.

Answer true or false: It takes twice as much work to elevate an object to 80 m above the earth as
it does to elevate the same object to 40 m above the earth,

Answer true or false: It takes twice as much work to stretch a spring 40 cm as it does to stretch
the same spring 20 cm.

A 1-kg object is moving at 5.0 m/s. If a force in the direction of the motion does 20.0 J of work
on the object, what is the object’s final speed?

A 81m/s B. 5.5 m/s C. 5.0m/s D. 11 m/s
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TruefFaise and Multiple Choice Questions

SECTION 8.7

10.

11.

12.

A flat rectangular plate is submerged horizontally in water to a depth of 3.0 f&. If the top surface
of the plate has an area of 50 ft2, and the liquid in which it is submerged is water, find the force
on the top of the plate. Neglect the effect of the atmosphere above the liquid. (The density of
water is 62.4 lb/ft3.)

A. 150 1b B. 16.71b C. 1,040 Ib D. 9,360 Ib

Find the force (in N} on the top of a submerged ohject if its surface is 5.0 m? and the pressure
acting on it is 3.2 x 10° Pa. Neglect the effect of the atmosphere above the liquid.

A. 1,600,000 N B. 3,200,000 N C. 6,400,000 N D. 1,700,000 N

Find the force on a 50-ft wide by 5-ft deep wall of a swimming pool filled with water. Neglect the
effect of the atmosphere above the liquid. (The density of water is 62.4 Ib/ft3.)

A, 39,000 Ib B. 31,200 1b C. 62,400 1b D. 6241b

Answer true or false: If a completely full conical tank is inverted, the force on the side wall
perpendicular to it will be the same.

Answer true or false: The force a liquid of density p exerts on an equilateral triangle with edges h

IS
in length submerged point down is given by / gzzdz.
0

A right triangle is submerged vertically with one side at the surface in a liquid of density p. The
triangle has a leg that is 10 m long located at the surface and a leg 10 m long straight down.
Find the force exerted on the triangular surface, in terms of the density. Neglect the effect of the
atmosphere above the liquid.

A 333pN B. 250pN C. 300pN b. 100 p N

Answer true or false: A semicircular wall 10 ft across the top forms one vertical end of a tank.
The total force exerted on this wall by water, if the tank is full of water, is 260 lb. Neglect the
effect of the atmosphere above the liquid. (The density of water is 62.4 lb/ft3.)

Answer true or false: A glass circular window on the side of a submarine has the same force acting
on the top half as on the bottom half.

Find the force on a 30 ft2 horizontal surface 20 ft deep in water. Neglect the effect of the atmosphere
above the liquid. (The density of water is 62.4 1b/§t3.)

A 600 1b B. 37440 1b C. 1,200 1b D. 30,000 b

Answer true or false: A flat sheet of material is submerged vertically in water. The force acting
on each side must be the same.

Answer true or false: If a submerged horizontal object is elevated to half its original depth, the
force exerted on the top of the object will be half the force originally exerted on the object. Assume
there is a vacuum above the liquid surface.

Answer true or false: If a square, llat surface is suspended vertically in water and its center is 20 m
deep, the force on the object will double if the object is relocated to a depth of 40 m. Neglect the
effect of the atmosphere above the liquid.
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13. Answer true or false: The force on a semicircular, vertical wall with top d is given by

/2
/ 2px d; — z? dz. Neglect the effect of the atmosphere above the liquid.
o

14. Answer true or false: The force exerted by water on a surface of a square, vertical plate with edges
of 3 m if it is suspended with its top 2 m below the surface is 18 lb. {The density of water is
62.4 1b/ft3.)

15. Answer true or false: If a submerged rectangle is rotated 90° about an axis through its center
and perpendicular to its surface, the force exerted on one side of it will be the same, provided the
entire rectangle remains submerged.
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SECTION 8.8

Evaluate sinh (4).

A. Not defined B. 284173
Evaluate cosh™*(3).
A. L7627 B. 1.7658

Find dy/dz if y = sinh(3z + 1).
A. (3z+1)cosh(3z+1)
C. —(3z + 1)eosh(3z + 1)

Find dy/dz if y = sinh(22?).
A. 4zcosh(2z?)
C. 2z%cosh(22?)

Find dy/dz if y = \/sech (z +5) — z5.

cosh(z + 5) — 322

A,
24/sinh(z +5) — 23

— cosh{z + 5) + 3z2
24/sinh(z + 5} — 23

/sinh(3zr: +4)dx =
A. 3cosh(3z+4)+C

C. —3cosh(3z +4)+C

/ cosh®zsinh zdx =
cosh® z 6
A ; +C B. 6cosh’z 4+ C
/ cosh®zsinhzdz =
hQ
A 2% ¢ B. 9cosh®z +C

Find dy/dx if y = sinh™" (g) .

1 1
e B, —
V25 + x2 525 + ©2

True/False and Multiple Choice Questions

27.2899 D. 26.1499

1.7701 D. 1.7724

3cosh(3z + 1)
~3cosh{3z + 1)

—4x cosh(22?)
—2x? cosh{22?)

{z + 5) cosh(z + 5) — 3z2
2+/sinh(z + 5) — 2

~{z + 5) cosh(z + 5) + 322
24/sinh{z + 5) — 23

cosh(3z + 4)
— 7+

3 C
—cosh{3x + 4) Lo
3

4

Scoshiz + C D. COS: $+C
i

8cosh’z+ C D. COS;‘ fic

1 D 1
V25 — 22 T By25 — 2
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10

11

12.

13.

14.

15.

. Answer true or false

dz
’ /\/14—253:2_
-1
A smh5(5:c) Lo

Answer true or false

Answer true or false:

Answer true or false:

Answer true or false:

: If y = coth ™! (z + 3) when jz| > 0, dy/dz =

. e* . -1, T
./ﬁdx=smh (e)+C.
lim coshz = 0.

z—+oa

lim cothz =1.

I—e—0x)

1
x?+ 6+ 8
-1
cosh5(5a:)+c D

93
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True/False and Multiple Choice Summary Test

CHAPTER 8 TEST
1. Find the area of the region enclosed by y = —z2 and y = = by integrating with respect to z.
1 1 1
A g B. 1 C. 1 D. 16
2. Find the region of the area enclosed by y =sinz, y = —z,c =0, z = 7/2.
A, 11169 B. 2.2337 C. 4.4674 D. 1
3. Find the volume of the solid that results when the region enclosed by the curves y = vsinz, y =0,
x = m/4 is revolved about the z-axis.
A, 0143 B. 0.920 C. 1.408 D. 2.816
4. Find the volume of the solid that results when the region enclosed by the curves x = e¥, x = 1,
4y = 1 is revolved about the y-axis.
A. 10.036 B. 3.195 C. 10.205 D. 32.060
5. Answer true or false: Cylindrical shells can be used to find the volume of the solid when the region
enclosed by y = ¥z, z =0, x = 3, y = 0 is revolved about the y-axis is 5.563.
6. Answer true or false: Cylidrical shells can be used to find the volume of the solid when the region
enclosed by x = 42, z = 0, y = 2 is revolved about the z-axis is 4.
7. Answer true or false: The arc length of y = cosz from 0 to 7/2 is 1.
8. Answer true or false: The arc length of ¢ = —cost, y =sint, 0 <t < 7/2is 7/2,
9. Answer true or false: The surface area of the curve y = sinz, 0 < ¢y < 7 revolved about the x-axis
is given by f 21z 1 + sin’z dz.
o
10. Use a CAS to find the surface area that results when the curve y = €%, 0 < z < 0.5 is revolved
about the z-axis.
A, 18,54 B. 9.27 C. 148 D. 503 _
11. Assume a spring whose natural length is 2.0 m is stretched 0.4 m by a 300 N force. How much
work is done in stretching the spring?
A. 1207 B. 6,120 ] C. 6,000 D. 2407
12. Find the work done when a constant force of F(z) = 15 N in the positive x direction moves an
object from z =0mtoz =6 m.
A. 451 B. 901J C. 180J b. 15011
13. Find the work done when a variable force of F{z) = i? N in the positive z direction moves an
T

object fromz=1mto r=3 m.

A 0] B. 0671 C. 03317 D. 133F
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14. Answer true or false: A semicircular wall 20 ft across at the top forms one end of a tank. The
total force exerted on this wall by water if water fills the tank is 12,400 lb. Ignore the force of the
air above the water. (The density of water is 62.4 lb/ft3.)

A. 2,700 Ib B. 3001b C. 166,400 1b D. 41,600 1b

15. A horizontal table top is submerged in 10 ft of water. If the dimensions of the table are 2 ft by
3 ft, find the force on the top of the table that exceeds the force that would be exerted by the
atmosphere if the table were at the surface of the water. (The density of water is 62.4 1h/f3.)

A. 37441b B. 1,8721b C. 4,000 1b D. 601b

16. Find dy/dx if y = tanh{z?).
A. 3z%sech*(z?) B. —3x2sech?(z?) C. 3z°tanh(z®) D. sech®(3z?)

17. /tanh3zsech2$d$ =

b
A. 2tenh®z +C B. 3tanhiztC C. dtanhiz+C p = : e
18. Answer true or false: fd—a: = cosh™!(e%).
Ve —1
19. Answer true or false: lim cothx = 1.
0

20. Evaluate cosh{5).
A. T74.210 B. 74.216 C. 74218 D. 74.225



SOLUTIONS

SECTION 8.1
LA 2F 3A 4C 5B 6B 7.C 8A 9D 10.T 1LF 12F 13T 14B 15 A

SECTION 8.2
1LA 2D 3D 4C 5T 6F 7.D 8A 9.C 10.F 11.C 12.F 13.B 14 B 15T

SECTION 8.3
1.D 2B 3.B 4C 5C 6A 7A 8A 9D 10.D 11.C 12.C 13.A 14 B 15T

SECTION 8.4
1.A 2A 3F 4F 5B 6C 7.A 8T 9 A 10.F 11.D 12.B 13.B 14.C 15 F

SECTION 8.5
1L.B 2C 3B 4C 5F 6T 7.F 8D 9.D 10.F 11.F 12F 13.T 14 F 15D

SECTION 8.6
LB 2A 3D 4T 54 6F 7B 8D 9.C 10.A 11.A 12F 13F 14.F 15 A

SECTION 8.7
1.D 2A 3. A 4F 5F 6A 7.F 8&F 9B 10.T 1L.T 12T 13 F 14 F 15T

SECTION 8.8
1.C 2A 3B 4A 5.A 6B 7A 8A 9A 10.F 11.LA 12F 13T 14 F 15F

CHAPTER 8 TEST

1.LA 2B 3B 4A 5F 6F 7.F 8T 9F 10.D 11.A 12B 13 B M. F 15 A
16.A 17D 18 F 19. T 20 A



CHAPTER 9
Principles of Integral Evaluation

SECTION 9.1

1. Evaluate /(4 — 2z)%dx.

(4 - 2z)8 —(4 —2z)8 ~{4 - 2z)°® —{4—2z)°
A =7 —- = S S A — 4 C
6 +C 5 + 13 +C 3 +
2. Evaluate /v4.:c + 1 dx.
1 3/2 Ax + 1)3/2
_— 4+ 2 + (43:_+1_)___._ + & +
8v/dxr+1 Viadzn +1 6 2
3. /xsin(mﬁ) =
2 2 2 _009(552)
A cos(z)+C 2cos(z?)+ C —2cos{z?) +C ~——2—+C
4. /2:86::2 dr =
A & +C 1" +C %e* 1 C 226 +C
5. /cos:s eSinEdy =
A sinz et 4O edins 4 O —ging e 4+ ¢ zeinT 4 O
6. / costzsinzdzr =
cos® z —cos®x
A, 5 +C 3 +C Beos®z + C —5cosPx + C
Nz
€
[ e
NE vz VT
e 3e €
s kil VE
A $3/2+C 52373 C 5 +C 2evT + C
e:c
B. =
_/ 3+e" dz
€ Lc 3In|3 + %] + C In|3 +e|+ C ¢
3+e® 346
rdx
0. / -
A hmld-zY4+C —%h1|4—1:2]+0 %lnl4—:c2|+0 In|2 -z +C
10. ]sinhzxoosh:rdx =
sinh® z .3 . 12 sinh® z
A 3 +C 3sinh”x + C sinh*x + C 3 +C

97
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1t.

12.

13.

14.

15.

True/False and Multiple Choice Questions

Answer true or false: In evaluating / 6% dz a good choice for u would be z2.

Answer true or false: In evaluating / sin®z cos z dx a good choice for 1 would be cos .
Answer true or false: In evaluating f e(e® + 7) dz a good choice for u would be €% + 7.
Answer true or false: In evaluating / S(i;% dx a good choice for u would be sin .

Answer true or false: In evaluating [ z® sin{z?) dz a good choice for © would be z?.
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SECTION 9.2
1. /me53d$=
A 5z 85::
. ~5—(5$—1}+C B. g(sx—l}-i-c
. es:
C. e+ ¢ D. -—g‘-l‘c
2. fxze3”dx=
3z 3r
e o . xe
A. 27(9.:: 6x+2).+C B. 5 +C
633 3
3. /xcos?xdx:
A :rsm?x_'_c B. sm7:c+c
7 7
cosTx zsinTz cosTe zxcosTx
C. 0 T 7+C D. TR : +C
4. j:csinzda::
A. sinzx—zeosz+C B. sinzx—cosz+C
C. cosx—zcosz+C D. cosc+zceosz+C
5. /1‘2sin2$d3:=
rsin2z cos2r zlcosiz zsin2r  cos2z  zcosiz
. - . — C
A 5 + ) 3 +C B 2 + 3 1 +
: 2.2 2 nnol
C. 3:51n2:c+cos2:r_:r: cOs 'T+C D. a:si.n2x+co'32x _ x“cos I-{-C
2 2 2 2 4
6. /3n:ln(2:c)dx=
z?In(2z) 2 3z%In(2z) 327
L D L — e
A 1 1 +C B 5 2 +
C. 322In(2z) - 322+ C D. z°In(2z)—2®+C
7. f sin~Y(5z) dr =
1= %652 V1 — 2552
A, xsin‘1(5x)+-—52555~+0 B. :ccos‘l(5:r)+—-5—x+0
C. 5cos™'(5z) +C p, & 62) o

5
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10.

11.

12.

13.

14.

15.

je‘lx sin 3z dxr =
A, e*(3sin3z + cos3x) + C
e4x
C. —(3sin3x -3
1
/ re%dy =
0
A. 5802
2
/ Ilnzde =
1
A 107
2
f cos(lnz)dxr =
1
A, 0.97

Answer true or false:

Answer true or false:

Answer true or false

Answer true or false:

cosdz)+ C
B. 56.08
B. 1.14
B. 0.9

Am/4
/ ztanxdr = 0.
/4

1
: f In{z? +2)dz = 1.
i

1
/ ze ¥dr = 0.
0

ar f4
/ zsin2zrdz = 7w /4.
0

True/False and Multiple Choice Questions

e4*(3sin 3z — cos 3xz) + C

%(45&1131:—30033@—!—0

55.01 D. 54.90
1.17 D. 131
0.85 D. 0.78
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SECTION 9.3

1.

1t

bl

-

®

/ cos®zsinz ds =

cos®z

13
13

A

+C

€08
12

tic

sin?(5z) dx =

r sin(10z)

27" ¢

x  sin(5x)
C. 5 T T C
]Sin3(2m)dx =
A cos(2x) 4 sin®(2x) +O

2 6

_ 3

C. cos(2z) | o8 (2x) +C
2 6

/cos“:nda: =

3z _sin(2zx) cos®zsinzx
A =

5T 3 6 T 1 +C

3sin(2x) sin®zcosx
© 16 i ¢
f sin®(3x) cos?(3x) dx =

z  sin(l2z)
A Z_

8 96 +C

T  sin{6z)
cC. --

5 o C
/tan(?x)da: =
A In | cos(7x)| +C

7
tan?(7z)
1t C

Answer true or false: / sin(6z) cos(4z) dx =

—cos{2z}  cos(10z)

B.

D.

—cost3z

13

—cosl3x

12

2 —sin(bzx) +

z  sin(5z)

+C

+C

C

A vl W)

2 20

cos(2r)  cos*(2x)

2

—cos(2x) sin®(2x)

6

2

3z sin(2x)

=3

6

cos® rsinz

8 16

3 2
3z cos{21) +

+3

sin® r cosx

8 16

cos(12x)
T

cos(6z)
TG

wlkR il

—In | cos(Tx)

7
—tan?(7x)
14

4

10

+C

+C

+C

+C

+ C.

o™
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8.

9.

10.

11.

12.

13.

14.

15.

fsecz(Em: +2)dz =

A tan(5z + 2) Lo
5

C. —tan(5z + 2) Lo
5

/csc(43:) dr =

A lnfta.:(2sc)| e

lnlta:(ala:)} Lc

Answer true or false

/tanxsec4$dx =

A seciz+C

Answer true or false:

Answer true or false:

Answer true or false:

Answer true or false:

tan
: /tanga:seczzd:rz

B.

secd

4

x

+C

/3
/ sec’ zdx = 0.
0

/6
/—11'/6

tan(2z) dz = 0.

/cots(Sa:) csc?(3z) dx =

wfd
/ tan?(5z) dx = 1.00.
0

True/False and Multiple Cholce Questions

B tan(bx + 2} Lo
5r 4 2
D. —tan(bx + 2) Lo
5z + 2
B. —1n|t:n(22?)| L C
D. Initan(4zx)| LC
8
Zyc
sec® T
C. 5 +C
~ cot®(3x)
—i +C.

b.

sec® z + C



Section 9.4

SECTION 9.4

1. /\/4—$2dx:

/4 ~ 22
4

/4 — 12
2

A +4sin~ ! (E) +C

C. + 2sin~! (g) +C

2./\/3‘{”_3:2:

-1
A Sio gﬁ$)+c

C. sin? (@) +C

=]

o
. / e’ 4 —2e2zdr =
-1

A, 0472 B. 0.483

4 /3 dr
TSy 22/ar o1
A. 14941 B. 0.077

/2 dx _
SN ¥ty
A 0.217 B. 0.416
a /1 Todz _
T Jo (THa2)s/2
A, 00015 B. 0.0031
f3 V3z2 —2dz
- - —

A 297 B. 3.04

T cos@df _
0 /4 —sin®0

Al B. 0

0.464 D.
0.093 D,
0.131 D.
0.0041 D.
3.12 D.

103

0.451

17.01

0.425

6.0082

3.17
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10.

1%.

12,

13.

14.

15.

True/False and Multiple Cholce Questions

f dx _
22+5x+9
2 _ 2r+5 2 2r+ 5
A —t 1( +C B. =t '1( ) C
\/ﬁ an \/ﬁ ) 3 an 3 +
2, 4 2 _1{2x+5
C. gtan (2z+5)+C D. ﬁta.n ( T )—I—C
dz dzx
Answer true or false: / O ——— / _—
vzt —dz +1 Viz—-2)2-3
Answer true or false: / / f dz / dx
— 9:r+2
1
./0 vhx — 2 -
A, 0.88 B. (.94 C 1 D. o
dr B
1 3224 9r 41
A, 0.021 B. 0.034 C. 0.049 . 0.053

1
Answer true or false: f 4*/16% — 1dx = 4.84.
0

™
Answer true or false: f coszsinzy 1 — cos2xdr =0.

0



Section 9.5

SECTION 9.5

1.

10.

Write out the partial fraction decomposition of

1 4 B 2

A
x+3+x—2 o+ 3

: . - . 3z
Write out the partial fraction decomposition of

1 2 2
B.
r—1 T

+:J:—2

Write cut the partial fraction decomposition of

I 1
24+2 z-1

/ 2r4+ 6 de =
P55 -5

A Injz?+5z-6+C
C. Inlzg+6/+Injz-1/+C

2z2 + 4z + 10 _
34224 4+2

A Inide?+1+Inj2x + 4|+ C
C. dtan 'z + 2|z +2|+C

2422 +1
Answer true or false: et

dx

Answer true or false: / m—_mz—)-

G+ "

2 + 224+ 2242

2

a:2+2+.1:—1

3

3

Answer true or false: /

/x2+2 _
(x—1)%
2 3

A Injz-1|- -

nlz -1l z~-1 2(x—1)2+c

I3
C. ?+2x+1n3|:r—1|+6'

B +z+3

Answer true or false: / P Py

(2 + 1)(z2 +2)

B. Infz—6/+Injx+1j+C
Injz+2/+njx+3|+C

B. 4lnjz? +1|+2ln|z+2|+C
D. 2tan~lz+2Injz+2|+C

+22 +z+Infz+1|+Injz+ 3]+ C.

=In|z+ 4|+ |z -2}

dr =tan 'z +Infx® + 2|+ C.

B. Inlz—-1]+C

3

D. ¥ 4op

1
1 ¢
3 qz—12 T

de=In|z|+In|z+ 3|+ C.

105
Bx + 10
(x-2{x+3)
4 1 3 2
C. z+3 -2 D. $+3+x—2
—2
2 -z’
2 2
C. 3 + - b. + —
x—1 =z zr—1 =«
2 + 2%
2+ Dz -1
C 2% 1 T 2
x4+ 2 x—1 242 z-1
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1t.

12.

13.

14.

15.

Answer $rue or false:

Answer true or false:

Answer true or false:

Answer true or false

Answer true or false:

True/False and Multiple Choice Guestions

1
/mdl‘:ln‘?'hf—‘ql-f—c.

2r+1 _ 2 _
/md&:-ln|$ +2|+ln|$ 2|+C

2 35—
./—_——x Sz 17 dm=1n|x+7|—gtan—1(fi)+c.

(x+7){x2+4) 2

2
: /&daﬁ =tan"!x + %1:5\11'1 (E) +C

(2 +1)(22+4) 2

z
——dr =1 1 :
/(z+1)2r nlz+1j+C



Section 9.6

SECTION 9.6
Tx
1. P 3dx =
T 7
A i + Eln[4x+3| +C

[

1%

o

72
C. 71n[4:n+31+?+0

2
A zlnjd~5a+C

_ 4
25(4 — 5z} 25

C.
. fsin’?:csin3xdx =

sindr sin10x +C
8 20

A

cos7x  sindz

7 3

C.
. .[:..--5 In2zdr =

2 1

Al —+4 -
6 +x+C

+C

z®In2s 1
6 —Eé+0

C.

. /ﬁlnmdﬂ:z

2x3/‘2

A 3

Inz ~ %I3/2+C

973/2 4
Inz — -
3 nx g+C‘

/ €% cos2rdx =

A o35 (ms32x + 51n22:s) Lo

3z

ﬁ(3c052x+ 2sin2z) + C

1
—In|4-5z|+C

7 7

Tr 21
—Iﬂigln[4x+3|+0

5 1
“16{d—s53) +T61n|4-5x}+0

2
%ln|4—5;t:|+0

gin7r sin3x

8 20 +C

—cosTz sin3z

7 T3

+C

2 g - §x3/2+c

2:33,’2

Inz+C

3z
61—3((:05 2z —sin2x) + C

3z
%(SCOS 2+ 2sin2x)+ C

107
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10.

11.

12.

13.

14.

15.

True/False and Multiple Cholce Questions

/ e ¥ gin3zdr =

—4zx —4x
A, Zz—(-4sin3z — 3sin3z) + C B. e5 (—4cos3z + 3sin3z) + C
—dz —4x
C. 25 {4cos3z +3sin3x) + C D. (4cos3z + 3sin3x) + C
f 1
————dr =
z3/2x? +5
=5z S
% _4c B —= 4,0
2% +5 V2% 5
212 /o7 1§
C. _I—+5 +C D. ﬂ 4+
o Sx
/ln(?‘:c + 2)dx =
7 In’ -
A Iln (7T + 2) e B rln(Tz + 2) z o
2 7
2
C. Tzln(7z+2)—Tx+C D. &“;“L-z_ﬂc

Answer true or false: For / zin(5 — 3z%}dz a good choice for u is 5 — 3z7.
Answer true or false: / sin /T dx = 2 cos /7.

Answer true of false: /e‘ﬁdx =e¥* (Vz-1)+C.

/x\/x +5dr =
W — 5Y5/2 _ £)3/2
A X - YT 35) +C B. (z-53%+¢C
— 5}3/2 _ EY5/2 _ Ey3/2
¢, Az-577 35) +z+C p. 2 35) _ 5 25) +C

Answer true or false: The area enclosed by y = /16 — 22, y =0,z =0,z =4 is 1—§§

./z 1 dz 1 +
——dr = - +1I.
2 FV3r—5 2



Section 9.7

SECTION 9.7

10.

11.

Use n = 10 to approximate the integral by the midpoint rule.

A, 0.402 B. 0.399 C. 3.99

Use n = 10 to approximate the integral by the midpoint rule.

A 249 B. 0.249 C. 0.251

Use n = 10 to approximate the integral by the midpoint rule.

A. 37.56 B. 3.756 C. 3.746

Use 1 = 10 to approximate the integral by the midpoeint rule.

A 0317 B. 317 C. 317

1
Use n = 10 to approximate the integral by the midpoint rule. / sinzdr
0

A. 0.4599 B. 0.4601 C. 0.4603

1
Use the trapezoid rule with n = 10 to approximate the integral. f 2 dx
0

A, 040 B. 0.403 C. 0.399

1
Use the trapezoid rule with n = 10 to approximate the integral. / zidx
0

A, 0.2525 B. 0.2528 C. 0.2521

: 2
Use the trapezoid rule with n = 10 to approximate the integral. / 3dx
1

A, 3.754 B. 3.752 C. 3.760

1
Use the trapezoid rule with » = 10 to approximate the integral. / sin z dz
0

A. 0459 B. 0.461 C. 0.463

1
Use the trapezoid rule with n = 10 to approximate the integral. / cosx dr
0

A. 0.841 B. 0.837 C. 0.834

1
/x3/2dx
0
1
/$3d$
o
2
/x3dx
1
2
/dex
1

1
Use Simpson’s Rule with n = 10 to approximate the integral. / 232z
0

A, 0.362 B. 0.384 C. 0.369

4.02

2.51

37.46

3.17

0.4605

0.397

0.2517

3.758

€.465

0.830

0.371

108
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12.

13.

14.

15.

TruefFalse and Multiple Choice Questions

1
Use Simpson’s Rule with n = 10 to approximate the integral. / e
0

A, 0.231

B. 0.226

C. 0222

D. 0.219

2
Use Simpson’s Rule with » = 10 to approximate the integral. / dx
1

A, 3.465

B. 3.475

C. 3.485

D. 3.495

1
Use Simpson'’s Rule with n = 10 to approximate the integral. / sin xdx
0

A, 0.437

B. 0.433

C. 0431

D. 0.429

1
Use Simpson’s Rule with n = 10 to approximate the integral. [ cosz dx
0

A. 0.789

B. 0.792

C. 0.794

D. 0.796



Section 9.8
SECTION 9.8
4
1. Answer true or false: / p is an improper integral,
o T —
6
2. Answer true or false: / p is an improper integral.
o T —
2
3. Answer true or false: / e**dz is an improper integral.
—o0
W [T
1 T
1 1
A, 3 B. é C. 3 D. Diverges
[ o]
d:
5. / o
1 VI
1 1 .
A = B. = C 2 D. Diverges
2 6
0
6. / e dr =
—i
1 1 .
A, —= B. - C. 5 D. Diverges
5 5
7 / Tode
) _14/1 —x2
A 15 B. —-15 C. 0 D. Diverges
0
8. / tanzdxr =
—nf2
A O B. 1 C. —-30.08 D. Diverges
41 <1
9. Answer true or false: / = dz diverges. 10. Answer true or false: f de diverges.
0 1
1 >
11. Answer true or false: / In - dx diverges. 12. Answer true or false: / sin z dx diverges.
0 0
oc 1]
13. Answer true or false: / e 4*dz diverges. 14. Answer true or false: / e~%* dx diverges.
L] —oQ
* 1 .o—1
15. Answer true or false: —dz = lim T 1=-1.
i

111



112 True/False and Multiple Choice Summary Test

CHAPTER 9 TEST

1. /sinhmz coshz dx =

nh!t
A. S‘“H Tic B. 11sinh!'z +C
N hg
C. Smg Tic D. 9sinh®z+C
9, /' 2x dr -
4—2x
2
A. sin™? (%) +C B. sin~! (%) +C
2
C. cos~t (%) +C D. cos? (%) +C

3. Answer true or false: In evaluating / €®(2e® + 7) dx a good choice for u is 2e” + 7.

4. fxcosz:dz: =

A. coszxt+zsinz+C B. sinzx+zsinz+C
C. cosx—zsinz+C D. cosz+zcosz +C

5. [63“ sindrdr =

A, €3%(3sindx + 4cosdx) + C B. %(3sindr — 4cosdx) + C
_B3$ 3z
C. - ~(3sindx — 4sindx) + C D. 5-5—(391n4x—4cos4m)+0
In/d
6. Answer true or false: / rzcotzdr = 0.
w4
7. /tan drxdzr =
1 1
A Zln|cos49:|+C B. —Zln|cos43:!+C'
1. ., 1. o
C. gta.n dx + C D. —gtanétr-b-C
. 1 cos 14x
8. Answer true or false: [ sin8zcos6zdxr = ~1 cos 2z + Ti +C.
9. /\/25—x2d:1:=
A 1oVZ 2?4 25sint (i) +C B. 12v25 - 22 + 2 gin-t (f) +C
2 25 T2 2 5

C. %x\/ 25 — 22 — 25sin™?! (%) +C D. l:r\/ 25 — a2 — % sin~? (g) +C
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10.

11.

12.

13.

14.

15.

16.

17.

18,

19.

20.

/1 dr
o V6x —x2
A. 0.80 B. 0.86 C. 0.92 D. 0.96
A t fal + 1 is the partial fraction d ition of —” ~ 12
nswer true or : on of ——8M ——.
se: —— + g s the partial fraction decompositi EETTE)
/ 22% + 97 + 20 B
B2+ +2
A In92% + 1+ 2z 4+ 4]+ C B. 9lnjz?+1[+2Ilnjz+2]+C
C. Stan'z+2Injz+2|+C D. 3tan™lz+2lnjz+2/+C
fIS Inzdr =
Inz 1 #®lnz 1
9 —_— — — —
A x (9 81)+C B. 9 81+C
2lng 2z 1
. D. - =
C 5 +C 5 9 +C
2 .
Answer true or false: / rsinTeds = — — Z22 Mz _ cosldz
4 14 8
_ 1
Use n = 10 subdivisions to approximate the integral by the midpoint rule. / cosz + ldz =
0
A 0.8424 B. (.8422 C. (.8420 D. 0.8418
2
Use n = 10 subdivisions to approximate the integral by the trapezoid rule. / zlde =
1
A 3226 B. 3232 C. 3224 D. 3220
1
Use n = 10 subdivisions to approximate the integral by Simpson’s Rule. / z2odx =
0
A, 0.142 B. 0.144 C. 0.148 D. 0.151
/00 e Fdy =
0
1 1 .
A = B. -= C. 3 D. Diverges
3 3
/“ de
24—~z
A 15 B. -15 C. 0 D. Diverges

s a}
Answer true or false: / e~ 2%dx diverges.
4



SECTION 8.1
1.C 2.C 3.D

SECTION 9.2
LB 2.A 3.C

SECTION 9.3
1.B 22A 3.C

SECTION 9.4
1.LB 2.C 3.C

SECTION 9.5
LA 2A 3.A

SECTION 9.6
1.D 2B 3.A

SECTION 9.7
1.B 2B 3.C

SECTION 9.8
L. T 2T 3T

CHAPTER 9 TEST

LA 2B 3T 4A 5D 6F 7B 8F
16.C 17.A 18 A 19D 20.F

SOLUTIONS

8.C

8.D

8 A

8. B

8T

8.D

8.D

8D

9.B

9. A

9. A

9. A

9.B

114

100A 11.T 12.F 13.T . F 15T

10.,A 11.B 12.F 13.F 14.F 15 F

10T 11.B 12.T 13.F 14 F 15T

10T 11.F 12.A 13.C 14.T 15 F

16.F 1.F 12.F 13.T HM.F 15 F

10.T 1.LF 12.F 13. A 14.F 15 F

10.A 11.C 12.C 13.A 14.C 15 A

10,F 11.T 12T 13.F 14.T 15 7T

100A 11.T 12.C 13. A 14 F 15D



CHAPTER 10

Mathematical Modeling with Differential
Equations

SECTION 10.1

1. State the order of the differential equation ¥ + 2y = 0.
A0 B. 1 c. 2 D. 3

2. State the order of the differential equation 3’ — 3y = 0.
A0 B. 1 C 2 D. 3

3. Answer true or false: The differential equation 3’ — 4y = 0 is solved by y = Ce™¥.

4. Answer true or false: The differential equation (1 + I)% =1 is solved by In|1 + x| + C, when
x> 0.

d
5. Solve the differential equation Ey —5y=0.

A y=Ce” B. y=Ce* C. y=¢" D y=e <"

d
6. Solve the differential equation & 3y = —2e’.

dt
A y=Ce B. y=Cé C. y=et+Ce® D. y=-In[t|+C
. . . dy 2
7. Solve the differential equation pr +y“ =0
a
1
A M B. ¢+C C. g+c D. —2+C
. . - d%y
8. Solve the differential equation ol Y.
Al Cle‘ + B. C'lﬁclzt C. C]_Et + Cge“ D. CysinCht
9. Solve the differential equation y’ = 3y; (1) = 1.
1
A y=e¥t B. y=3e¥ C. e® D. y= -3
. . . dy 2
10. Solve the differential equation ik y{0y =1.
3
A -3 B. y*+3 C. %H D. V3t +1
11. Solve the differential equation z/y = /.
A y=z+C B. y=Cxz C. y=C¢ D. y=el®

115
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12,

13.

14.

15.

Solve the differential equation x/y = y'; y(1} = 2.

3
A y=z-3 B. y=2z

Solve the differential equation dgg =13 y(0) = 2.

£
A y=—+2

— 4
A B. y=4t4+2

d
Solve the differential equation E% = 4.
A 210 B. y=2%24¢C

d 1
Solve the differential equation .
dt  y?

A 3+ C B. 213+ C

True/False and Multiple Choice Questions

y = 2e”
y=0

3t%/2
y—T+C
t+C

y:eQm
tz
¥=3
2t%/2
= C
Y 3 +

3t+C
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SECTION 10.2
1. Xy =z — 5y, find the direction field at (1,2).
1 1
A9 B. -9 C. 5 D. -3
2. If ¥’ = cos (wy), find the direction field at {0,2).
Al B. = C. -1 D. 0
3. Ify’ = cos{3xy), find the direction field at (4,0).
A1l B. « C. -1 D. 0O
4. Ify' = zcosy, find the direction field at (5,0).
A5 B. -5 C. 0 D. 1
5. If ¥ = ye”, find the direction field at (5,0).
A 568 B. &° C. o D. 5
6. Ify' = 4z — 6y, find the direction field at (1,1).
A 10 B. -10 C. 2 D. -2
7. Ify = %, find the direction field at (86, 2).
i
A. 5 B. 0 C. -1 D. 1
8. If ' = ycoshx, find the direction field at (4,0).
A 4 B. -4 C. 1 D. o
9. Ify’ = (sinz){cosx), find the direction field at (7).
A1 B. -1 C. 0 D. ?
10. If 3’ = Inzx — Iny, find the direction field at (1,1).
A0 B. 2 c 1 D. 2e
11. Answer true or false: If Euler’s method is used to approximate y' = 4z — y, y(1) = 2; y(2) will be
approximately 0. Choose the step size to be approximately 0.1.
12. Answer true or false: If Euler’s method is used to approximate ¥ = sin{z — ), ¥{1) = 1; y{(2) will
be approximately 0. Choose the step size to be approximately 0.1.
13. Answer true or false: If Euler’s method is used to approximate 3 = ze¥, y(2) = 0; y(1) will be
approximately 2. Choose the step size to be approximately 0.1,
14. Answer true or false: If Euler’s method is used to approximate ' = Iny, y(1) = 1; y(2) will be
approximately 1. Choose the step size to be approximately 0.1.
15. Answer true or false: If Euler's method is used to approximate ¥ = 3In{zy), y(1) = 1; »{2) will

be approximately 0. Choose the step size to be approximately 0.1.



118 True/False and Multiple Choice Questions

SECTION 10.3

1. Answer true or false: Suppose that a quantity y = y(¢) changes in such a way that dy/dr = k¢/7,
where k > 0. It can be said that y increases at a rate that is propeortional to the cube root of the
amount present.

2. Answer true or false: Suppose that a quantity y = y(2} changes in such a way that dy/dx = k ¥y,
where k& > 0. It can be said that y increases at a rate that is proportional to the fourth root of the
time.

3. Suppose that an initial population of 5,000 bacteria grows experimentally at a rate of 2% per hour,
the number y == y(t) of bacteria present ¢ hours later is
A, 50001 B. 5,000 ¢0-0% C. 5,000 ¢~0-0% D. 5,000(1.02)*

4. Suppose a radioactive substance decays with a half-life of 122 years. Find a formula that relates
the amount present to time, if there are 50 g of the substance present initially.
A, y(t) = 50e7 000568t B (1) = 50e24% C. y(t) = 50e* D. y(t) =e 05t

5. Suppose a radioactive substance decays with a half-life of 151 years. Find a formula that relates
the amount present to time, if there are 50 g of the substance present initially.

A, y{t) = 50e0-0045% B y(1) = 500 C. y(t) =50e™ D. y{t) =05

6. If 20 g of a radioactive substance decay to 3 g in 12 years find the half-life of the substance.
A. 0.15 years B. 0.11 years C. 0.22 years D. 4.38 years

7. If 40 g of a radioactive substance decay to 6 g in 12 years find the half-life of the substance.
A, 0.15 years B. 0.11 years C. 0.22 years D. 4.38 years

8. Answer true or false: The differential equation that is used to find the position function y(¢) of mass
4 kg suspended by a vertical spring that has a spring constant 8 N/m is given by y”(t) = —2y(t).

9. Answer true or false: y”(t) = 16y(t) is sclved by C) cos(4t) 4+ Czsin(4t).

10. If y = yoe®, k < 0, the sibuation modeled is
A. Increasing B. Decreasing
C. Remaining constant D. More information is needed

11. Find the exponential growth model y = yoe**, that satisfies yo = 5, if the doubling time is 7 = 10.
A, y = 5ed 060 B. y = 5¢% C. y=5e08 D. y= 084l

12. Answer true or false: Every exponential growth madel y = ype** used to find half-life for radiocactive
decay must use —0.5 for k.

13. Answer true or false: If (0} = 20 and the substance represented increases at a rate of 2%, then
y = 20(0.02)¢. :

14. Answer true or false: If y(0) = 40 and the substance represented decreases at a rate of 4%, then
y = 40(0.04)*.

15. Answer true or false: If {0} = 40 and the substance represented decreases at a rate of 5%, then
y = 40(0.95)%.
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CHAPTER 10 TEST

10.

11.

12.

13.

14.

15.

State the order of the differential equation (2 + x)y" = 3y.
A0 B. 1 C. 2 D. 3

Answer true or false: The differential equation y” — 2y = 0 is solved by y = Ce'.

Solve the differential equation d_y -5y =0.

dx
A y=Ce" B. y=Ce”
C. y=c¢el+5e™ D. y=-—I|tj+C
Solve the differential equation y* — 3y = 0.
A. sint4+C B. Cicos3t+ C3sin3t
C. Cé D. Ce*
Answer true or false: y = sin3f + C solves ' + y = (.
Answer true or false: y = Ce' — 1 solves ¢y —y = L.
If y = zcosy, find the direction field at {3,0).
A0 B. -3 C. 3 D1
If y’ = 4x 4 6y, the direction field at (1,1} is
AL 0D B. 10 C. -10 D1
If 4 = e™, the field direction at (5,0} is
A D B. 1 C. 5 D. ¢°
If 4 = e32¥, the direction field at (6,0) is
A0 B. 1 C. 6 D. 18

Answer true or false: Suppose that a quantity ¥ = y(t) changes in such a way that dy/dt = k%,
where k > 0. It can be said that y increases at a rate that is proportional to the fifth root of time.

Answer true or false: Suppose that a quantity ¥ = y(t) changes in such a way that dy/dt = k+v/%,
where k > 0. It can be said that y increases at a rate that is proportional to the cube root of time.

Suppase that an initial population of 20,000 bacteria grows exponentially at a rate of 2% per hour,

and that y = y{t) is the number of bacteria present after ¢ hours. Write an expression for y.

A. 20,000t B. 20,000¢02t C. 20,000e~09% D. 20,000(1.02)
Suppose a radioactive substance decays with a half-life of 70 days. Find a formula that relates the
amount present to t, if initially 50 g of the substance are present.

A. y(t) = 50e~0-0090¢ B. y(t) = 50e""0

C. y(t) =50e2 D. y(t) = 50e"0-

If 240 g of a radioactive substance decay to 36 g in 12 years, the half-life if the substance is

A. 0.15 years B. 0.11 years C. 0.22 years D. 4.38 years
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16.

17.

18.

19.

20.

True/False and Multiple Cholice Summary Test

Answer true or false: y”(t} = 16t is solved by y(t) = Cy cos 16t + Cy sin 16¢

If y = ype®, k > 0, the function modeled is

A, Increasing B. Decreasing
C. Remaining constant D. More information is needed.

Answer true or false: An exponential decay model ¥ = y5e*t used to find the half-life of a substance
always uses —0.5 for k.

Answer true or false: If y(0) = 20 and a substance grows at a rate of 3%, a model for this situation
is y = 20{0.03)*.

Answer true or false: If ¥(0) = 20 and a substance decreases at a rate of 36, a model for this
situation is y = 20(0.06)".
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CHAPTER 11
Infinite Series

SECTION 11.1

1. The general term for the sequence 1, 1/8, 1/27, 1/81, ... is

1 1 1
= B. C. — D. ¥n

A, -
n? 3n

+oo
2. Write out the first five terms of L
n+5

A 1,1/2,1/3,1/4,1/5 B. 1/6,2/7,3/8, 4/9, 1/2
C. 1/5,1/6,1/7,1/8,1/9 D. 1/5,1/3,3/7,1/2, 5/9

n=1

3. Write out the first five terms of {sin mr}:g;.

A. w, 2w, 3w, 47, 57 B. -1,1,-1,1, -1
C. 0,0,0,0,0 D. 1,0, -1,0,1
+oa

4. Write out the first five terms of {(—1)"n?}

nazxl "

A 1,4 -9, 186, -25 B. 1,4,9 16, 25
C. 1,-4,9, —16, 25 D. -1, -4, -9, —16, —25
5. Write out the first five terms of {{—1)"2 + nz}::i
A -3, -6, —11, —18, —27 B. 1,6, 8,18, 23
C. 1,2,7, 14,23 D. —1,6,7, 18,23
s
6. Write out the first five terms of {1 + H} .
n=1
A. 4,5/2,2,7/4, 8/5 B. 3,3/2,1,3/4,3/5
C. 4,5,6,7,8 D. 3.4,5 6 7

ng + o0
7. Answer true or false: { } COIVerges.

3 1 +oo
8. Answer true or false: { nt } converges,
n=1

1 +oc
9. Answer true or false: {ﬁ + 5} converges.

n=1
10. Answer true or false: {sinnm}!% converges.
11. Answer true or false: {cosnm}}> converges.

12. If the sequence converges, find its limit. If it does not converge, answer diverges.
{{(-1)e* 135

A0 B.

l C. —e D. Diverges
e
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13.

14.

15.

TruefFalse and Multiple Choice Questions

+oo

If the sequence converges, find its limit. If it does not converge, answer diverges. {4_11}
n=1

A 3/4 B. 3 C. 0 D. Diverges

If the sequence converges, find its limit. If it does not converge, answer diverges.
1 1 1 1 1

?a gga 5_4:' ?1 5_6) .-
A 1/5 B. 1/25 C. 0 D. Diverges

If the sequence converges, find its limit. If it does not converge, answer diverges. 1, 2, 4, 8, 186, ...

A1 B. 2 C. % D. Diverges



Section 11.2
SECTION 11.2
+oo
1. Determine which answer best describes the sequence {—2}
n n=1
A. Strictly increasing B. Strictly decreasing
C. Increasing, but not strictly increasing D. Decreasing, but not strictly decreasing
2. Determine which answer best describes the sequence {e“}::i
A, Strictly increasing B. Strictly decreasing
C. Increasing, but not strictly increasing D. Decreasing, but not strictly decreasing
3. Determine which answer best describes the sequence {n —1}}%
A. Strictly increasing B. Strictly decreasing
C. Increasing, but not strictly increasing D. Decreasing, but not strictly decreasing
4. Determine which answer best describes the sequence {{n — 1) — n}::
A. Strictly increasing B. Strictly decreasing
C. Increasing, but not strictly increasing D. Decreasing, but not strietly decreasing
5. Determine which answer best describes the sequence {e~"}1
A. Strictly increasing B. Strictly decreasing
C. Increasing, but not strictly increasing D. Decreasing, but not strictly decreasing
2 +oa
6. Determine which answer best describes the sequence {sin (?) n"‘}
n=1l
A, Strictly increasing B. Strictly decreasing
C. Increasing, but not strictly increasing D. Decreasing, but not strictly decreasing
- . T Foo
7. Determine which answer best describes the sequence {cos (%)} .
n=1
A. Strictly increasing B. S8trictly decreasing
C. Increasing, but not strictly increasing D. Decreasing, but not strictly decreasmg
8. Determine which answer best describes the sequence {n — n?}12.
A. Strictly increasing B. Strictly decreasing
C. Increasing, but not strictly increasing D. Decreasing, but not strictly decreasing
+oa
9. Determine which answer best describes the sequence {—}
) p=1
A. Strictly increasing : B. Strictly decreasing
C. Increasing, but not strictly increasing D. Decreasing, but not strictly decreasing
10.

- 3 1 +m
Determine which answer best describes the sequence {5 - E} .

n=1
A. Strictly increasing B. Strictly decreasing
C. Increasing, but not strictly increasing D. Decreasing, but not strictly decreasing

125



126 TruefFalse and Multiple Choice Questions

+oo

11. Determine which answer best describes the sequence {6 + E}

n=1
A. Strictly increasing B. Strictly decreasing
C. Increasing, but not strictly increasing D. Decreasing, but not strictly decreasing

12. Determine which answer best describes the sequence {n* — n®}%3.

A. Strictly increasing B. Strictly decreasing
C. Increasing, but not strictly increasing D. Decreasing, but not strictly decreasing

13. Determine which answer best describes the sequence {{{n ~ 1)}! — 1)n"}}23.

A. SBtrictly increasing B. Strictly decreasing

C. Increasing, but not strictly increasing D. Decreasing, but not strictly decreasing
14. Determine which answer best describes the sequence {{{n — 1)! — 1)e™37)}} .

A. Strictly increasing B. Strictly decreasing

C. Increasing, but not strictly increasing D. Decreasing, but not strictly decreasing

15. Determine which answer best describes the sequence {n cos(2n7)}}2.

A. Strictly increasing B. Strictly decreasing
C. Increasing, but not strictly increasing D. Decreasing, but not strictly decreasing
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SECTION 11.3

10.

11.

12,

Answer true or false: The series 3 +3/2 + 1+ --- + 3/n converges.

1 ki)
Answer true or false: The series 5/2+5/4 +5/8 +5/16 +--- +5 (5) converges.

o0 k
1
Answer true or false: The series E 3 (3) converges.
k=1

=] k
6
Answer true or false: The series E (E) converges.
k=1

converges.

> 1
Answer true or false: The series ; m

oo
. 4
Answer true or false: The series E E converges.
k=1

X k
1
Determine whether the series Z (—g) converges, and if so, find its sum.
k=1
A —1/6 B. 6 C. —4 D. Diverges

1 1
Froh+10) k49

o #)
Determine whether the series z ( ) converges, and if so, find its sum.
k=1

A0 B. 1 C. 1/90 D. Diverges

S oe k+2
Determine whether the series Z ( ) converges, and if so, find its sum.

k—1
k=1 8
A, 8/3 B. 5/3 C. 1000/3 D. Diverges
Determine whether the series Z 5hgh+3 converges, and if so, find its sum.
k=1
A0 B. 1/45 C. 45 D. Diverges

o0
9
Determine whether the series Z:(—l)""_1 — converges, and if so, find its sum.

%
k=1 5

A, 48/5 B. 3/2 C. 9/4 D. Diverges
oo k+1

Determine whether the series Z (1_1) converges, and if so, find its sum.
k=1

A 9/16 B. 9/4 C. 5/4 D. Diverges

127
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13.

14.

15.

Write 0.3737... as a fraction.
A. 37/100 B. 37/99

Write 0.1313... as a fraction.
A. 13/99 B. 131/999

Write 4.14141. .. as a fraction.
A, 414/99 B. 41/99

TruefFalse and Muitiple Choice Questions

C. 373/1000

C. 13/100

C. 414/999

D. 3737/10000

D. 131/1000

D. 207/50
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SECTION 11.4

11.

13.

15.

= 1
The series Z i
k=1
A. Converges

=1
The seri § —
£ Serles 2 k +3

A. Converges

o
The series Z Beoskn
k=1
A. Converges

The series »  3k~%/3
k=1
A. Converges

=1
The seri §:—
e Series k=1k+5

A. Converges

A Converges

1
The series Z
v3k+5

A, Converges

3

The series ; AT s

A. Converges

Diverges

Diverges

Diverges

Diverges

Diverges

Diverges

Diverges

Diverges

10.

12.

14.

=1
The series Z 6
k=1

A, Converges B.
3k% +2k+5
Th _—
e sertes ; 2k 1
A. Converges B.
fa ]
The series Z 5k~3/2
k=1
A. Converges B.
The series i 1
£~ dk +3
A. Converges B.
o 2
+5
The series Z 213
A, Converges B.
The series i L
e vk+3
A. Converges B.
Th i —
€ 5eries Z 5
k=1
A. Converges B.

Diverges

Diverges

Diverges

Diverges

Diverges

Diverges

Diverges

129



130 True/False and Multiple Choice Questions
SECTION 11.5

1. Find the Maclaurin polynomial of order 2 for 2%,

A 1420+ 9222 B. 1-2¢+ 222 C. l+z+4+x? D. 1+ 2%+ 4z2

2. Find the Maclaurin polynomial of order 2 for sin .

2 2 2 2
T 4 T4 g T T, ?r T 4
. — B . — — D. 14+ —2-—-—
A 1+8:£ _ B. 1 52 C 1+2$+8$ +2;t: g
3. Find the Maclaurin polynomial of erder 2 for cos 7.
2.2 2,2
A 1+ T2 B. 1+a? C 1-g? D. 17

4. Find the Maclaurin polynomial of order 2 for €%,
25z2 25x2

A 1+5z+ B. 1-5z+ 5 C. 1+ 5z+ 2522 D. 1-5zx+ 25x2
5. Find the Maclaurin polynomial of order 2 for e~8=.
A. 1 —6x+18%2 B. 1+ 6x+ 1822 C. 1—6x+ 3622 D. 1+ 6x+ 3622

6. Find a Taylor polynomial for f{x) = €” of order 2 about z = 2.

2 -9 2
A e —ez-2)+e(x—2) B. 62—82(13“2)-}*%
20 _ 92
C. 62-[-62(:5—2)4—# D. e +e(x—2)+e(x—2)?
7. Find a Taylor polynomial for f(z) = e3¢ of order 2 about z = 2.
~6(p _ 92 ~6(p _ 9)2
A e +3eb(x-2)+ w B. e %-3%z~2)+ ?3-%
C. e %378z —2) 4 9e7 %z — 2)° D. e %+3e7 %z ~2)+ 9%z - 2)%
8. Find a Taylor polynomial for f(z) = Inx of order 2 about T = 2.
1 1 2 1 1 2
. Sz —2)— S (x— . (z—2) - (z—2
A ln2+2(:c 2} 4(3: 2) B ln2+2(:c 2) 8($ )
1 1 ) 1 1 R
C. In2+(z—-2)+=(z-2) D. m2+-(z—-2)+ =(x —2)
2 4 2 8
9. Find a Taylor polynomial for f(z} = sinz of order 2 about z = 7 /2.
2 2
A 12?2 B. 1+2? C. 1—% D. 1+%-

10. Answer true or false: The Maclaurin polynomial of order 3 for e** is 1 4 dx + 1622 + 642°.

11. Answer true or false: The Maclaurin polynomial of order 3 for In (2 + z) is

In2+In2zx+ h172x2+ —ln?z:.c‘a.

12. Answer true or false: The Maclaurin polynomial of order 3 for sinhz? is
sinhz? + 2z% cosh2? + 2% sinh 22 + 228 cosh z2.
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13. Answer true or false: The Taylor polynomial for e% of order 2 about = = 3 is
3 -9 2 3 ) 3
e3+e3($—3)+8(x2 ) e(Iﬁ )

14. Answer true or false: The Taylor polynomial for cosze® of order 2 about x = n/2 is
—(x—n/2)+ (z - w/2)3

15. Answer true or false: The Taylor polynomial for Inz of order 3 about z =3 is n3+ In3(z — 3} +
(z —3)° {(z-3)°
In3 In .
I 7 +In3 5
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SECTION 11.6

11.

13.

15.

The series ; ﬁ

A, Converges B. Diverges
C. Convergence cannot be determined

The series Z
P k-2

A. Converges B. Diverges
C. Convergence cannot be determined

The series Z
k= 1

A. Converges B. Diverges
C. Convergence cannot be determined

The series Z k3k

A Converges B. Diverges
C. Convergence cannot be determined

|
The series Z (4k)

A, Converges B. Diverges
C. Convergence cannot be determined

Tk +2
3k—-1

The series Z
k=1

A. Converges B. Diverges

C. Convergence cannot be determined

> 1
The series Z —_—
3
- 3ln(k +4))

A. Converges B. Diverges
C. Convergence cannot be determined

| sin kx|

The series Z

A. Converges B. Diverges
C. Convergence cannot be determined

10.

12.

14.

True/False and Multiple Choice GQuestions

L e 1
The series ; 83 1 ok

A. Converges B. Diverges
C. Convergence cannot be determined

The series Z 8 in” k

A, Converges B. Diverges
C. Convergence cannot be determined

o k2k
The series Z o

k=1
A. Converges B. Diverges
C. Convergence cannot be determined

ol |
The series Z P

k=1
A. Converges B. Diverges
C. Convergence cannot be determined

The series Z 4%

A. Converges B. Diverges
C. Convergence cannot be determined

=1
The series Z —=
€

A. Converges B. Diverges
. Convergence cannct, be determined

= 8
The series Z:l m
A. Converges B. Diverges
C. Convergence cannot be determined
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SECTION 11.7
— (—1)*
1. Z 3k+2

11.

13.

15.

a
Il

1

A, Converges absolutely
B. Converges conditionally

C. Diverges
[="4] 9 k
> -1+ (2)
k=1 3

A_. Converges absolutely
B. Converges conditionally
C. Diverges

()
k=1 2
A. Converges absolutely

B. Converges conditionally
C. Diverges

A. Converges absolutely
B. Converges conditionally

A. Converges absolutely
B. Converges conditionally
C. Diverges

A. Converges absolutely
B. Converges conditionally
C. Diverges

o 1 k

Z (_E) . Find the fifth partial sum.
k=1

A 0344 B.
C. 0.349 D.

—0.344
—0.349

(_1)k+1
vk+1

(= u)
Answer true or false. For Z
k=1

160.

12.

14.

133

k
k=1 3
A. Converges absolutely
B. Converges conditionally
C. Diverges

i (=1)%k!
k
k=1 k
A. Converges absolutely
B. Converges conditionally
C. Diverges

(%)
T8
k=1 k
A. Converges absolutely
B. Converges conditionally

C. Diverges
o~ (D
—k+T

A. Converges absolutely
B. Converges conditionally

A. Converges absolutely
B. Converges conditionally
C. Diverges

— (-1)F _, .
Z . Find the fifth partial sum.

!
Py k!
A —0.633 B. -—0.648
C. —0.653 D. —0.659

&\ (DR
Z . Find the fifth partial sum.

A, 0344 B.
C. 0.349 D.

-0.344
—0.349

the fourth partial sum is 0.1825.
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True/False and Multiple Choice Questions

SECTION 11.8

10.

11.

o k
Find the radius of convergence for E—
—k+1
1
A2 B. 1 C. 2 D. =
Find the radius of convergence for Z grogk
k=1
A 4 B. 1 C. 14 D. =
. , oz
Find the radius of convergence for z_: Pl
A 1/8 B. 1 C. 8 D. oo
Find the radius of convergence for Z_: Ik
A2 B. 1 C. 172 D. =
o0 k2
Find the radius of convergence for Z (—1)FF! .
o e
Al B. 2 C. 1/2 D. oo
Find the interval of convergence for Z (—1)’“?.
k=1
A (-1,1) B. (-2,2) C. (-1/2,1/2) D. (—oc,00)
i i = x{z—4)F
Find the interval of convergence for Z (-1) 3 -
k=1
A (-5,-3) B. (3,5 C. {-1,1) D. (-o00,o)
(3x — 5)“c
Find the interval of convergence for Z e
k=1 5
A. (~10/3,0) B. (-5,5) C. (0,10/3) D. (—00,00)
e ]
-1,1).
k=1
o 5kmk+2
Answer true or false: The interval of convergence for Z —— is {—o0,00}.
— (2k)
2k (x - 2)F
Answer true or false: The interval of convergence for Z s {~00, ).

k=1



Section 11.8 135

o0
12. Answer true or false: The interval of convergence for Z (z - 5)F is (4,6).
k=1

s =}

13. Answer true or false: The interval of convergence for Z (3z — 1)¥ is (0,1).
k=1
= 4k z*

14. Answer true or false: The interval of convergence for Z e is (—2/3,0).
k=1

o
4 k
15. Answer true or false: The interval of convergence for Z % is
k=1

(=7, -1).



136 TruefFalse and Multiple Choice Questions

SECTION 11.9
1. Estimate cos5° to 5 decimal-place accuracy.
A, 0.99614 B. 0.99619 C. 0.99621 D. 0.99625

2. Estimate tan 8° to 5 decimal-place accuracy.

A, 0.14082 B. 0.14058 C. 0.14054 D. 0.14076

3. Estimate sin~1(0.2) to 5 decimal-place accuracy.

A, 0.20112 B. 0.20132 C. 0.20136 D. 0.20142

4. Estimate sinh (0.2) to 5 decimal-place accuracy.

A, 0.20134 B. 0.20142 C. 0.20148 D. 0.20153

5. Estimate cosh (0.3) te 5 decimal-place accuracy.

A, 1.04514 B. 1.04534 C. 1.04562 D. 1.04581
6. Estimate /¢ to 5 decimal-place accuracy.

A, 1.39568 B. 1.39561 C. 1.39557 D. 1.39551

1
7. Estimate = to 5 decimal-place accuracy.
A. 0.13500 B. 0.13511 C. 0.13522 D. 0.13534

8. Estimate sin (0.4) to 5 decimal-place accuracy.

A. 0.38812 B. 0.38910 C. 0.38942 D. (.38962
9. Answer true or false: cos(0.7) can be approximated to 4 decimal places to be 0.7648.
10. Answer true or false: In3 can be approximated to 3 decimal places to be 1.091.
11. Answer true or false: e® can be approximated to 3 decimal places to be 148.402,
12. Answer true or false: cosh0.9 can be approxmated to 3 decimal places to he 1.433.
13. Answer true or false: tanh™'0.12 can be approximated to 3 decimal places to be 0.121.
14. Answer true or false: sinh~'0.15 can be approximated to 3 decimal places to be 0.142.

15. Answer true or false: cosh™'0.17 can be approximated to 3 decimal places to be 1.421.
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SECTION 11.10

10.

11.

12,

13.

14.

15.

Answer true or false: The Maclaurin series for € — e~% can be obtained by subtracting the
Maclaurin series for e™% from the Maclaurin series for e%.

Answer true or false: The Maclaurin series for 2 cos  can be obtained by multiplying the Maclau-
rin series for cosx by z2.

Answer true or false: The Maclaurin series for cos?

series for cos © by itself.

x can be obtained by multiplying the Maclaurin

Answer true or false: The Maclaurin series for cos 2z can be obtained by multiplying the Maclaurin
series for cosz by itself.

Answer true or false: The Maclaurin series for 2sinh z can be obtained by multiplying the Maclau-
rin series for sinhx by 2.

Answer true or false: The Maclaurin series for cotz can be obtained by dividing the Maclaurin
series for cosx by the Maclaurin series for sinz.

Answer true or false: The Maclaurin series for €® cosx can be obtained by multiplying the Maclau-
rin geries for € by the Maclaurin series for cosz.

In(2 + )

The Maclaurin series for
1+

by 14 z.

can be obtained by dividing the Maclaurin series for In{2 + z)
Answer true or false: The Maclaurin series for In{2 4+ z) can be differentiated term by term to
determine that the derivative of In{2 + 2} is 1/(2 + x).

Answer true or false: The Maclaurin series for In(5z + 4) can be differentiated term by term to
determine that the derivative of In(52 + 4) is 1/x.

Answer true or false: The Maclaurin series for cos 3x can be differentiated term by term to
determine that the derivative of cos3x is —sinzx.

Answer true or false: The Maclaurin series for sinh5x can bhe differentiated term by term to
determine that the derivative of sinh 5z is cosh 5z.

Answer true or false: The Maclaurin series for e~ can be integrated term by term to determine
that the integral of =% is —e=% + C.

Answer true or false: The Maclaurin series for cos (2z) can be integrated term by term to determine
that the integral of cos(2z) is —2sin (22) + C.

Answer true or false: The Maclaurin series for

n can be integrated term by term to determine
x

1
hat the integral of i .
that the integral o 4+x131n(4+:n)+0
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TruefFalse and Multiple Choice Summary Test

CHAPTER 11 TEST

10.

11.

12.

13,

The general term for the sequence 1, v/2, v/3, 2, /5, ... is

A n B. vn+1 C. vn—-1 D. nyn
Write out the first five terms of the sequence {R—H} .
n+8})
A. 5/8,2/3,7/10, 8/11, 3/4 B. 2/3, 7/10, 8/11, 3/4, 10/13
C. 5/9, 3/5,7/11, 2/3,9/13 D. 5/8,5/8,5/8,65/8,5/8

] o

5

If the sequence {n3 7} converges, find its limit. If not, answer diverges.
[OOSR P |

A0 B. -5/7 C. 1 D. Diverges

] o0
Determine which answer best describes the sequence {yq}n—ﬂ}

n=1
A. Strictly increasing B. Strictly decreasing
C. Increasing, but not strictly increasing D. Decreasing, but not strictly decreasing

Determine which answer best describes the sequence {(n — )3},

A. Strictly increasing B. Strictly decreasing
C. Increasing, but not strictly increasing D. Decreasing, but not strictly decreasing
Answer true or false: The seri ! -+ ‘ + ‘ + 7 +-- 47T 1 " converges
PSS e TITE T 16 2 Bes:

oo 4 k
Answer true or false: The series Z 3(3) converges to 12.

k=1
Write 2.1313. .. as a fraction.
A T1/33 B. 213/100 C. 213/99 D. 207/500

— 1
Answer true or false: The series ; m converges.

B +6

W CoIvVerges.

oa
Answer true or false: The series Z
k=1

Answer true or false: The Maclaurin polynomial of order 3 for €3% is 1 + 5z + 2522 + 125z°.

Answer true or false: The Maclaurin polynomial of order 3 for In{zx -+ 3) is
2?13 N z3In3

In3 In3
n+:1:n—|—2 6

Answer true or false: The Maclaurin polynomial of order 3 for sinh z3 is
sinh z® + 322 cosh 2 4 9z% sinh #® + 2726 cosh 2®.
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14. Answer true or false: The Taylor polynomial for e® of order 3 about = = 6 is

L] _62 & _63
eﬁ—l—eﬁ(a:—ﬁ)—i-e(z ) ez ).

2 6
= 1 |

15. The series ; PER 16. The series é 6 —

A. Converges B. Diverges A. Converges B. Diverges

C. Convergence cannot be determined C. Convergence cannot be determined

- K O (L)

7. The series ; £5% 18. ; 13

A, Converges B. Diverges A. Converges absolutely

C. Convergence cannot be determined B. Converges conditionally

C. Diverges
19. Find the radius of convergence for Z 5%k
k=0

A 5 B. 1 C. 15 D. o

20. Find the interval of convergence for Z(—l)k?.
k=0

A (-1,1) B. (—4,4) C. (-1/4,1/4) D. {-00,00)
21. Estimate sin 7° to 5 decimal-place accuracy.

A, 012187 B. 0.12184 C. 0.12181 b. 0.12173

22. Answer true or false: The Maclaurin series for e® + ln z can be obtained by adding the Maclaurin
series for €® and Inx.



SOLUTIONS

SECTION 11.1
1.A 2B 3C 4A 5D 6A 7.F 8T 9T 10T 1L.F 12D 13.C 14.C 15D

SECTION 11.2
1.B 2A 3A 4C 5B 6C 7A 8B 9B 10.A 11.B 122A 13.C 14.D 15 A

SECTION 11.3
LF 2T 3T 4F 5T 6F 7 A 8D 9.C 10D 11.B 12.B 13 B 14 A 15 A

SECTION 11.4
1LA 2A 3B 4B 5B 6A 7.B 8B 9B 10.B 11.LA 12B 13.B 14 B 154

SECTION 11.5
LA 2B 3D 4A 5A 6C 7B 8D 9.C 10.F 1LF 12F 13T 14.F 15F

SECTION 11.6
LA 2A 3B 4A 5B 6B 7A 8A 9A 10A 11.B 122A 13.A 14 A 15 A

SECTION 11.7 |
LB 2B 3 A 4A 5C 6A 7B 8A 9A 10.B 11.C 122.A 13.B 14 A 15T

SECTION 11.8
LB 2C 3B 4B 5 A 6A 7.B 8C 9F 10.T 11.T 12T 13.F 14 F 15T

SECTION 11.9
1.B 2C 3C 4A 5B 6B 7D 8C 9T 10.F 11.F 12T 13.T 14 F 15.F

SECTION 11.10
LT 2T 3T 4F 5T 6F 7T 8T 9.T 10.F 11.F 12F 13T 14.F 15T

CHAPTER 11 TEST

1.LA 2B 3. A 4B 5A 6T 7T 8C 9T 10.F 11.F 122F 13.F 14.T 15 A
16, A 17.A 18 B 19.C 20.A 21.A 22.T
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CHAPTER 12
Analytic Geometry in Calculus

SECTION 12.1

10.

11.

12.

13.

Answer true or false: To plot (5,7/4) in polar coordinates go out 5 units from the pole to the

right, then rotate 7/4 radians clockwise.

Find the rectangular coordinates of (2, 7w/4).

A (V2,v2) B. (+v2/2,v2/2) C. (2v2,2v2) D.

Find the rectangular coordinates of {3, 7/2).
A (3,0) B. (0,3) C. (-3,0) D.

Find the rectangular coordinates of {4, —w/4).

A (2v2,2/2) B. (—2v?2,-2v2) C. (2v2,-2v2) D.

Use a calculating utility to approximate the polar coordinates of (5, 2).
A (29, 1.1903) B. (5.0000, 1.1903) C. (29, 0.3805) D.

Use a calculating utility to approximate the polar coordinates of (2, 5).

A, {29, 1.1903) B. (1.9999, 5.0000) C. (29, 0.3805) D.

Describe the curve 0 = n/2.

A. A vertical line B. A horizontal line.  C. A circle D.

Describe the curve r — 2 cos 6.

A. A circle left of the origin B. A circle above the origin
C. A circle right of the origin D. A circle below the origin
Describe the curve r = 5sin .

A. A circle left of the origin B. A circle above the origin
C. A circle right of the origin D. A circle below the origin
What is the radius of the circle r = 8 cos 87

A B B. 16 C. 4 D.
How many . petals does the rose r = 4 cos 3¢ have?

Al B. 4 C. 3 D.
Describe the curve r = 5 + Scos#.

A. Limacon with inner loop B. Cardioid

C. Dimpled limacon D. Convex limacon
Describe the curve r = 2 + 3sinf.

A. Limacon with inner loop B. Cardioid

C. Dimpled limacon D. Convex limacon

14

(4v2,4v2)

(0! _3)

(—2v2,2v2)

(5.0000, 0.3714)

(5.3852, 0.3805)

A semicircle
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14. Describe the curve r =5+ 63sin 4.

A. Limacon with inner loop B. Cardioid
C. Dimpled limacon D. Convex limacon

15. Answer true or false: r = 3@ graphs as an Archimedean spiral.
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SECTION 12.2

1.

16.

11.

12.

13.

14.

15.°

z =%, y = 3t. Find dy/dz.

3 2t 3t
= . = . 6t D —
2t B 3 © 2

r =sint, y = cost. Find dy/dz.

A, tant B. cott C. tant D. cott

z=¢€', y=t. Find dy/dx.

A et B. ¢ C. % D. tet
Answer true or false: If z = t* and y = ¢ ~ 2, d®y/dz” = —1/t.

Answer true or false: If z = cost and y = sint, d%y/dz* = tant,

Find the value of ¢ for which the tangent to « = 4, ¥ = 3t2 — 2t is horizontal.
A, 1/3 B. 0 C. 2/3 D. 8

Find the value(s) of t for which the tangent to z = sint, y = 5t 4 3 is/are horizontal.
A w/2,3n/2 B. 0 C. —-3/5 D. 0,7/2,3n/2

Find the value(s) of ¢ for which the tangent to z = e — 1, y = Ti? + 3¢ is/are horizontal.
A1 B. -3/14 C. 3/2 D. 1,-3/2

Find the value(s) of ¢ for which the tangent to o = t? — 5¢, y = #? is/are horizontal.
A0 B. 5/2 C. 5 D. 0,5/2

Find the value(s) of ¢ for which the tangent to « = t3/2, y = sint is/are horizontal.

A. O B. 0,%/2 C. #n/2,3n/2 D. 0,7/2,37/2
Answer true or false: If ¥ = 4sin#, the tangent to the curve at the origin is the line 8 = 0.

Find the arc length of the spiral r = ? between § =0 and § = 1.

V10 /10 2 2 V10 5 V10 2 2
Al —e—— . —e-= L et - e
377 3 B 373 C 5o D3¢ 3
Find the arc length of the spiral » = sin# between ¢ = 0 and 8 = .
Al B. 7 C. V2r D. 2

Answer true or false: The arc length of the curve r = cos 26 between # = 0 and 7 is .

Amnswer true or false: The arc length of the curve r = 48 between § = 0 and = is 4.
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SECTION 12.3
1. Find the area of the region enclosed by r = 4 + 4cos#.
A. 7540 B. 56.55 C. 18.85 D. 942

2. Find the area of the region enclosed by » = 4 4 4sin 4.
A, 7540 B. 56.55 C. 18.85 D. 9.42

3. Find the area of the region enclosed by r = 2 + 6¢cos# from § = 0 to 6 = 7/2.
A, 29.28 B. 58.56 C. 183.96 D. 23.00

4. Find the area of the region enclosed by r = 2 + 6siné from 6 = 0 to 8 = n/2.
A. 183.96 B. 5856 C. 2028 D. 23.00

5. Answer true or false: The area of the region bounded by the curve r = 3cos 28 from & = 0 to #/2
is 3.53.

6. Answer true or false: The area between the circle r = 10 and the curve r = 4 + 4 cos 8 is 7.

3w /4
7. Answer true or false: The area of one petal of cos 28 is given by / 0.5cos208d6.
mid

/3
8. Answer true or false: The area in one petal of sin 68 is given by / 0.5(sin 66)* df.
0

w/3
9. Answer true or false: The area in all of the petals of cos 6@ is given by / 3{sin 68)% d.
0
10. Find the region bounded by r = 36 from 0 to 7.
A, 314 B. 258 _ C. 517 D. 10.34

11. Find the region bounded by r = 58 from 0 to 2.
A, 25839 B. 516.77 C. 2,067.09 D. 1,033.54

12, Answer true or false: The region between r = cos§ and r = sin#d is given by
wfd
/ 0.5(sin @ — cos ) d8.
0
13. Find the area bounded by r =3 — 2c0s 6 from « to 3x/2.
A 314 B. 7.32 C. 29.28 D. 1464

14. Find the area bounded by r = 3 — 2cos# from 7/2 to 7.
A 314 B. 7.32 C. 29.28 D. 14.64

15. Find the area bounded by r = 3 — 2sin# from = to 37 /2.
A. 314 B. 7.32 C. 29.28 D. 1464
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SECTION 12.4

10.

11.

12,

13.

14.

15.

The vertex of the parabola y? = 7z is

A (1,7 B. (0,0) c. (7,1)

The vertex of the parabola (y — 4)%2 = 3(z — 1) is
A (<1,-4) B. (1,4) C. (=3,-4)

A parabola has a vertex at {3,5) and a directrix = 0. Find the focus.

A (30) B. (3,10) C. (65)

The graph of the parabola z = 3y? opens

A. Right B. Left C. Up
z? 42
What are the ends of the minor axis for the ellipse % + T 17
A. (5s 0)} (_5: 0) B. (25? 0)! (_251 0) C. (0: 4)3 (0: _4)
72 y.2
Answer true or false: The foci of TR 1 are (6,0) and (—6,0).
2?2
The foci ipse —— + == =
e foci of the ellipse 100 + 36 1 are

2 2

D.

Answer true or false: The foci of the ellipse j_g + % =1 are (7,0) and {-7,0).

2
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(1,1)

(3,3)

(6,10)

Down

(0! 2)! (0! _2)

(0, —64), (0, 64)

2
Answer true or false: The foci of the hyperbola ;:_6 - % =1 are (0, —61) and (0, /61).
2?2
Answer true or false: The foci of the hyperbola % 9= 1 are (5,0) and (-5,0).
¥ 2
Answer true or false: The hyperbola T3 < 1 opens up and down.

Answer true or false: %+ = = 1 has a vertical major axis.

o2
3
Answer true or false: ¥ = % + § has a vertex (0,0).

Answer true or false: y = z% + 8 has a vertex (0, —8).

Answer true or false: z = y? + 6 has a vertex (0,0).
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True/False and Multiple Cholce Questions

SECTION 12.5

10.

1t.

12.

13.

14.

15.

4
Th tricity of r = ——— i
e eccentricity of T+ 9cosd 15
A4 B. 1 C. 2 D 6
The eccentricity of r = 8 is
"~ 4+ 8sing
A 8 B. 4 C. 2 D1
The eccentricity of r = 2 i
Yo T ¥ 12sme
A, 12 B. 4 C. 2 D. 3
6 s .
Answer true or false: ¥ = ———— has its directrix left of the pole.
1-—4cosd
Write the equation of the ellipse that has e = 2 and directrix z = 1.
2 2 2 2
A r=—r-— P e— R S E— D. r= ——
g 14 2cos@ B.r 1—2cosd C.r 1+ 2sinf ’ 1—2siné
"= - 3cosg BTPBS8S
A. A parabola B. An ellipse C. Acircle D. A hyperbola
r= % raphs as
54 6cosd Taphs &
A. A parabola B. An ellipse C. A circle D. A hyperbola
r= 3 raphs
" 44 3cosd E1aphs as
A. A parabola B. An ellipse C. A circle D. A hyperbola
Answer true or false: The graph of r = ——— orients horizontally.
3—coséd
Answer true or false: r = —4-—~ is a hyperbola that opens left and right
TS 1 _ssind yperbola pens fe gt
Answer true or false: r = 1= =g is a parabola that opens to the left.
— BI1I1
2 .
Answer true or false: 7 = ———— is a parabola that opens to the left.
1+ cosé
1 .
Answer true or false: ¥ = ————— is a parabola that opens up.
o —2sind
Answer true or false: 7 = 8 is a hyperbola oriented up and down
el T = m yp 0la orien P .

A small planet is found 4 times as far from the sun as the earth. What is its period?

A. 8 years B. 64 years C. 32 years D. 4 years
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CHAPTER 12 TEST

10.

11.

12.

13.

14.

15.

186.

Find the rectangular coordinates of (4, /4).

A (V2,v2) B. (??) C. (2v2,2v/2) D. (4v2,4v3)

Use a calculating utility to approximate the polar coordinates of the point (3,4).

A. (4.5200,2.1383)  B. (25, 0.9273) C. (5, 0.6435) D. (25, 0.6435)

Describe the curve r = 6cosf.

A. A circle left of the origin B. A circle above the origin
C. A circle right of the origin D. A circle below the origin
What is the radius of the circle r = 12 cos #7

A 12 B. 24 C. 6 D1
How many petals does the rose r = 4 5in 36 have?

Al B. 4 C. 3 D. 6
Describe the curve r = 8 + 4¢cos 8.

A. Limacon with inner loop B. Cardioid

C. Dimpled limacon D. Convex limacon

Answer true or false: » = 3/8 graphs as a hyperbolic spiral.

z = cost, y =sint. Find dy/dt.
A. tant B. cott C. —tant D. —cott

e

Answer true or false: If z = sint and y = cost, 7z cott,
T

Find the value(s} of ¢ for which the tangent to z = sint, y = 7t? + 8 is/are horizontal.
A 7/2,3x/2 B. 0 C. -3/5 D. 0,7/2,3n/2

Answer true or false: If ¥ = 6sin#, the tangent to the curve at the origin is the line 8 = 0.
Answer true or false: The arc length of the curve r = cos 36 between @ =0 and « is 7.

Find the area of the region enclosed by r = 4 — 4cos 8.
A 24r B. 18r C. 6r D. 3w

Answer true or false: The area of the region bounded by the curve r = 3sin 28 from 0 to x/2 is
1.57.

Answer true or false: The area between the circle v = 10 and the curve r = 4 + 4 cos# is 7.

2w
Answer true or false: The area in one petal of r = cos4# is given by f 0.5{cos 48} df.
0
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17.

18.

19.

20.

Find the area bounded by r = 3 — 2cos 8.

A 314 B. 7.32

The vertex of the parabola z% = 3y is

A (0,0 B. 3,1}
The eccentricity of r = ————4— is

yotr= 1+2cos8
A 4 B. 1

' 5
Answer true or false: r = ———mw+——
1—3cosé

True/False and Multiple Choice Summary Test

C. 29.28 D. 1464

(1,3} D. (1,1)

2 D. 6

has its directrix left of the pole.



SOLUTIONS

SECTION 12.1
1.LF 2A 3B 4C 5D 6B 7A 8A 9B 10.C 11.C 12B 13.A 14.C 15T

SECTION 12.2
1LA 2C 3A 4F 5.F 66A 7.B 8B 9.A 10.C 11.T 12.C 13.B 14 F 15.F

SECTION 12.3
LA 2A 3 A 4C 5T 6F 7F 8T 9F 10.C 1..D 12F 13D 14D 15D

SECTION 12.4
LB 2B 3.C 4A 5D 6F 7A 8F 9F 10T 11.T 12T 138.F 14T 15.F

SECTION 12.5
1.C 2C 3D 4T 5A 6B 7.D 8B 9.T 10.F 11.F 12T 13 F 14F 15 A

CHAPTER 12 TEST

1.C 22A 3 A 4C 5C 6D 7T 8D 9F 10.B 11.T 12.F 13. A 14.F 15 F
16.F 17.D 18 A 19.C 20.T
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CHAPTER 13
Three-Dimensional Space; Vectors

SECTION 13.1

10.

11.

12.

13.

14.

15.

Answer true or false: A box has a corner at the origin and corners at (3,0, 0), (0,4, 0), and (0,4, 1).
If three of the edges of the box lie on the axes, the point (3,4,1) is a corner point of the box.

Answer true or false: (8,10,4), (2,14, 6), and (4, 8, 10) are vertices of an equilateral triangle.

Find the distance from (1, 2, 3) to the zy-plane.
A1 B. 2 C. 3 D. V14

Find the distance from (-1, 2, —3) to the origin.
Al B. 2 C. 3 D. V14

The surface described by z2 + y% + 22 = 8 is a(n)
A. sphere B. cylinder C. cone D. ellipsoid

The spherical surface (z — 4)% + (y — 9)2 + (2 + 16)? = 5 is centered at
A. (4,9,-16) B. (—4,-9,16) C. (2,3,-4) D. (-2,-3,4)

Answer true or false: The sphere z2 + (y — 2)? + 22 = 9 has a radius of 3.

The graph of 2 + y? = 5 is an infinitely long cylinder whose central axis is the

A z-axis B. y-axis C. z-axis D. linez=y

z = cosy describes a surface. In what direction would it be possible to travess the surface in a
straight line?

A. parallel to the z-axis B. parallel to the y-axis
C. parallel to the z-axis D. parallel to the line y = z

The equation for a cylinder with radius 4 oriented symmetrically about the z-axis is

A 22442 =4 B. 22+y%2=16 C. 22=4 D. 22=16
Answer true or false: 2 + 2z + y2 + 2y + 22 + 2z = 9 describes a sphere of radius 3.

22 4+ y? + 22 =1 graphs as

A. a sphere B. a point
C. Nothing, there is no such graph D. a cylinder

Answer true or false: 22 + 5z + y2 + 2y + 22 + 2z = 1 describes a sphere centered at the origin.

Find the distance the surface z2 + y2? + 22 = 1 is from the point (0,0, 2).
A1 B. 2 C. V2 D. 0

Answer true or false: (z — 3)% + (y — 6)? + (z + 2)? = 2 represents a sphere centered at (3,6, —2).

" 151



152 True/False and Multiple Choice Questions
SECTION 13.2
1. The vector with initial point P;(2,1), and terminal point P»(4,9) is
A (2,8) B. (-2,-8) C. (6,10 D. (-6,-10)
2. The vector with initial point P;(1,2,3), and terminal point P,(3,4,2) is
A, (4,6,5) B. (-4,-6,-5) C. (2,2,-1) D. (-2,-2,1)
3. Find the terminal point of v = i + 3j + k, if the initial point is (0,1,1)
A (1,2,0) B. (1,3,1) ' C. (1,4,2) D. (1,1,1)
4." Let v = (2, -3). Find the norm of v.
A -5 B. V6 C. Vi3 D. -v13
5. Answer true or false: u = 2i + 3j + 4k. The norm of u is v/29.

6. Answer true or false: Let v = 5i — 5k. Tﬁe norm of v is 0.

7. Addu=2i+3j+4ktov=i+j+k
A. 3i+4j+5k B. i+2j+3k C. 2i4+3j+4k D. 5i+6j+7k

8. Ifu=3i+5j+k, 5u=
A 151+5j+k B. 8i+10j+ 6k C. 8i+5j+k D. 15i+25j+ 5k

9. Let u=(1,2), v=(3,1), and w = (1,5). Find the vector x that satisfies 2u+ v —x = w + x.
A. (0,0) B. (-2,0) C. {5,5) D. (2,0)

10. Given that ||v|| = 5, find all values of k such that |kv|| = 10.
A -2,2 B. 2 ’ C. -4,4 D 4

11. Answer true or false: If ||v|| = 5 and ¢, the angle the vector makes with the positive z-axis, is 7/6,

then v = (5/2,5v/2/2).

12. Answer true or false: If ||v|| = 6 and ¢, the angle the vector makes with the positive z-axis, is 45°,

then v = (v/2/2,v2/2).

13. Answer true or false: Two forces, one 30 N and the other 40 N, act at right angles. The resultant
force has a magnitude of 50 N.

14. A particle is said to be in a static equilibrium if the resultant of all forces applied to it is zero.
Find the force F that must be applied to a particle to produce static equilibrium if there are two
forces, each of 40 N, applied so that one acts 60° above the positive z-axis and the other acts 60°
below the positive z-axis. Give the magnitude of the resultant acting in the negative z direction.

A. 40N B. 80N C. 40v2N D. 80v2N

15. Let u = (1,1,0), v = (0,1,0), and w = (0,0,2). Find C;, Cs, and C3 such that (5,5,4) =
Ciu+ Cyv + C3w.
A. 5,0,2 B. 5,54

C. 5,52 D. No such constraints exist.
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SECTION 13.3

10.

11.

12.

13.

14.

15.

Find the dot product (1,3) - (2,5).
A 28 B. 17 C. 11 D. V17

Find the dot product (1,0,1) - (—1,2,1).
A0 B. 2 C. -2 D. 4

Find the dot product (2,5,3) - (3,2, 7).
A 70 B. 48 C. 37 D. 111

Answer true or false: v -0 =0.

Find the dot product u - v where u = 2i + 3j and v = 4i - 2j.
A 8 B. -8 C. -2 D. 2

Answer true or false: If u=5i+2j-k énd v=2i—-3j+4k,u-v=0.

Find the angle between u = (2,1) and v = (5, 2).
A, 4.21° B. 4.76° C. 5.12° D. 8.13°

Find the angle between u = 2i + k and v = 5i + 2k.
A. 4.21° B. 4.76° C. 512° D. 8.13°

Let u= (4,1), v=(2,8), and w = (10,3). Find u - (2v — w).

A 37 B. -11 C. 3 D. 19
V11 V11
Answer true or false: Let u = i—j+ 3k, then the direction cosines are cosa = BT cos 3 = EETE
and cosy = 3vil
T
Answer true or false: u- (—u) = 0.
1
Answer true or false: Let u = 3i + j 4+ 5k. The direction cosines are cosa = 3 cosf3 = e and
cosy = >
7= 12

Answer true or false: There is no way to have u - v = 0 unless either u = 0, v = 0, or both.

1
If v is a three-space vector that has direction cosines o and 3 each equal to 3 then cosy must be 0.

A box is pulled across a frictionless surface by applying a 50-N force. The force is applied by
pulling on a rope at an angle of 60° above the horizontal. If the box is moved by the force a total
of 6 m, how much work is done?

A. 300 N-m B. 150 N-m C. 15042 N-m D. 150v/3 N-m
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True/False and Multiple Choice Questions

SECTION 13.4

1.

10.

11.

12.

13.

14.

15.

Find ~j x (i+j+ k).

A i+k B. —j C. -i-j D. j
Ifu=2i+3j+dkandv=i-3j+2k,uxv=

A 18i-9k B. 18i+4j—9k C. 18i—4j—9k D. 12i+8j—-3k

Ifu=(0,2,1) and v=(1,3,0), ux v=
A (3,1,2) B. (-3,1,-2) C. (-3,-1,-2) D. (-3,-1,2)

.. fa=4i+kand b=2j, find axb.

Ao B. 2i+8k C. -21+8k D. 2i-8k

A parallelogram has u = 2j + k and v = i + 3j as adjacent sides. The area of the parallelogram is

A. V14 B. V5 C. g D. %_E—)
fu=i+2j+k v=3i—-2j+k and w=3i+4j—k, find u-(vxw).
A 28 B. -28 C. 4 D. 0

fu=(1,2,3),v={(1,7,2), and w = (4,1,2), find u - (v x w).
A. 57 B. -57 C. -81 D. 81

Answer true or false: If u- (vxw)=5u-(wxv)=5.

If u =i+j+k and v = 4i — 3j, the area of the parallelogram that has u and v as adjacent sides is
A 6 B. 74 C. V74 D. 14

Let u =i+ j — k and v = —4i + 3j, the area of the parallelogram that has u and v as adjacent
sides is

A. 6 B. 74 C. V74 D. 14

Calculate the triple scalar product of u = —2i — 3j — 4k, v=—i+j— k, and w = 3i — j + 5k.
A 6 B. 28 C. -28 D. -6

Answer true or false: The volume of the parallelpiped that has u, v, and w as adjacent edges,
whereu=2i+j—k, v=1-4j+ 3k, and w = 2i + 2j + 2k, is 42.

Answer true or false: u = (2,2,2), v = (3,0,6), and w = (3,4,9). u, v, and w lie in the same
plane.

Answer true or false: u = (4,0,0), v = (0,6,8), and w = (1,6, 8) lie in the same plane.

Answer true or false: A force of 50 N acts in the positive z-direction at a point (1,1,1). If the
object is free to rotate about the point (0, 0,0), the scalar moment about (0, 0,0) is 501/3 N-m:
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SECTION 13.5

10.

11.

12.

13.

Answer true or false: The parametric equations for the line joining P;(2,5) and P(0,1) are
T=2+2t y=>5+4t.

Answer true or false: The parametric equations of the line passing through (—2,1,6) and parallel
tov={(1,2,5)arex=—-2+¢t, y=1+2t, z=6+5t.

Let Li: 2 =5+2t,y=2—t,z=3—1t; Ly: = -7—-2t,y = 8+t, z = 6 +t. These lines intersect
at

A (5,2,3) B. (-1,5,3) C. (2,2,4) D. (0,0,0)

Find the parametric equations for the line whose vector is given by (z,y) = (5,0) + (6, —3).

A z=5y=6t-3 B. z=5+6t,y=3
6t
C. z=5+6t,y= -3t D. ng,y:O

Find the parametric equations for the line whose vector is given by (z,y, z) = (-2,1,3) +#(1,1,5).
A z=-2+t,y=1+t,z2=3+5¢ B. z=2+t,y=—-1+t,z=-3+5¢t
C. z=-2-t,y=1-t,z2=3 -5t D. z=2~t,y=~-1—-t,z=-3-5¢
Express £ = 5 — 2t, y = 2 + 3t in bracket notation.

A (z,y) = (5,-2) +1(2,3) B. {(z,y)={7,1)

C. (x,y) =t(-2,3) D. (z,y) =(5,2) +t(-2,3)
Linesr=-3+4+¢t,y=7+3t,2=5—-2tandx=-5+¢t, y=2+3t, z="7— 2t are

A. intersecting at one single point B. skew

C. parallel D. perpendicular

Lineszx = —t,y=9+4+¢t,2=5—-3tandzx =%, y=9+45t, z=5— Tt are

A. intersecting at a single point B. parallel

C. skew D. perpendicular
Thelinesr=—t,y=—-t,z=~tandzx=t,y=t,z=1 are

A. parallel B. perpendicular C. the same line D. skew

The linesz=5—t,y=1+2tandzx=4+1t,y=5— 2t are
A. parallel B. skew C. the same line D. perpendicular

Where does the line x = 4 — 2t, y = 6 + 3t, z = 4 — 2t intersect the zy-plane?

A. (0,12,0) B. (2,9,2) C. (4,6,0) D. (4,6,4)
Where does the line z =6 — 3t, y =5 + ¢, z = 2 — 4t intersect the yz-plane?

A, (21,0,22) B. (0,7,—6) C. (6,5,2) D. (-3,1,-4)

Where does the line z =5 —~ 4¢, y = 7 + 3¢, z = 2 + t intersect the plane parallel to the xy-plane
that includes the point (0,0,1)? ~

A. (9,4,1) B. (6,8,3) C. (5,7,2) ‘D. (-3,4,2)
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14. Where does the line £ = 6 — t, y = 3 + 4¢ intersect z = 2¢t, y = 1 + 10¢?

A. (0,0) B. (4.11) C. (3.14) D. Does not exist.
15. How far are the vectors (z,y,z) = t(1,2,4) and {z,y, 2) = (3,4,0) + (1,2, 4) apart?

A0 B. 7 C. 5 D. 25
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SECTION 13.6
1. The equation of the plane that passes through P(1,4,7) and has n = (1,5, —2) as a normal vector
is
A (z+1)+5(y+4)—-2(z+7)=0 B. (z-1)+5(y—4)—-2(z—-7)=0
C. z+1)+(5y+4)-(2:2+7)=0 D. z-1)+Gy-4)-(22-7)=0
2. The equation of the plane that passes through P(—5,—3,—1) and has n = (8,7,2) as a normal
vector is
A 8(z-5)+7(y—-3)+2(zx—-1)=0 B. 8-5)+(Ty—3)+(22x—-1)=0
C. 8z+5)+(Ty+3)+(2x+1)=0 D. 8(x+5)+7(y+3)+2(z+1)=
3. Find an equation of the plane that passes through P;(2,7,1), P»(1,1,3), and P3(5,2,7).
A —26(z-2)+(y—-T7)+23(z—1)=0 B. —26(x—-2)+23(z—-1)=0
C. -26(z+2)+(y+7)+23(z+1)=0 D. —26(x+2)+23(z+1)=0
4. Answer true or false: The planes £ — 2y + z = 5 and 2z — 4y + 2z = 5 are parallel.
5. Answer true or false: The planes z — y + 32z = 6 and 4z — 4y + 3z = 6 are parallel.
1 1 1
6. Answer true or false: The planes z +2y + z =5 and & + 3Y + %= 1 are parallel.
7. Answer true or false: The line z = 4+t,y = 2—t, z = 5— 3t is parallel to the plane z—2y+2 = 5.
8. Answer true or false: The line z = 5—t, y = 2+ 3t, z = 2+ 5t is parallel to the plane x +y+z = 8.
9. Find the distance between the point (1,2,2) and 2z +y + 2z + 19 = 0.
A -3 B. -9 C. 3 D. 9
10. Find the distance between the point (0, 3,4) and 2z + 3y — 6z + 10 = 0.
1 31
A. .= . .=
1 B Z C. 7 D -
11. Determine whether the planes z 4+ 2y — z = 4 and 5z + 10y — 5z = 2 are parallel, perpendicular,
or neither.
A. parallel B. perpendicular C. neither
12. Determine whether the planes z + y — 2 = 2 and z + y — 2z = 3 are parallel, perpendicular, or
neither.
A. parallel B. perpendicular C. neither
13. Find the acute angle of intersection of 3z + 2y — z = 5 and 3z + y + 4z = 2. (Round answer to
nearest degree.)
A. 60° B. 63° C. 68° D. 71°
14. Answer true or false: The equation of the plane passing through the point (1,2,7) and perpendic-
ular ton = (4,1,3) is (4,1,3) - (z -1,y — 2,2 —T7) =
15. Answer true or false: The equation of the plane passing through the pomt (5,2, 3) and perpendic-

ular ton = (1,1,3) is (1,1,3) - (z + 5,y + 2,z + 3) = 0.
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True/False and Multiple Choice Questions

SECTION 13.7

10.

11.

12.

13.

22

?-
A. Ellipsoid B. Elliptic cone
C. Elliptic paraboloid D.

2
Identify the quadratic surface defined by z = % +

Hyperbolic paraboloid

Identify the quadratic surface defined by z2? + y? — 22 = 1.

A. Sphere B. Ellipsoid

C. Hyperboloid of one sheet D. Hyperboloid of two sheets
Identify the quadratic surface defined by 22 — 3z2 — 2y% = 0.

A. Ellipsoid B. Hyperboloid of one sheet
C. Hyperboloid of two sheets D. Elliptic cone

Identify the quadratic surface defined by z2 + 2y% + 522 = 1.

A. Ellipsoid B. Hyperboloid of one sheet

C. Hyperboloid of two sheets D. Elliptic cone

Identify the quadratic surface defined by 22 — 2% + 2y% = 0.

A. Ellipsoid B. Hyperboloid of one sheet

C. Elliptic cone D. Elliptic paraboloid

Identify the trace of the surface 412 + 3y%? — 22 = 5 where z = 1.

A. Circle B. Ellipse C. Parabola D. Hyperbola

Identify the trace of the surface 2z2 + 4y? + 422 = 10 where z = 0.
A. Circle B. Ellipse C. Parabola D. Hyperbola

Identify the trace of the surface z = 22 — 2y? where z = 1.

A. Circle B. Ellipse C. Parabola D. Hyperbola

Identify the trace of the surface z = 2% + 2y? where y = 1.
A. Circle B. Ellipse C. Parabola D. Hyperbola

Identify the trace of the surface y = x2 — 22 where y = 3.

A. Circle B. Ellipse C. Parabola D. Hyperbola

2

Identify the trace of the surface y = 2 — 2% where z = 1.

A. Circle B. Ellipse C. Parabola D. Hyperbola

Identify the trace of the surface 9z2 + 4y? — 322 = 1 where z = 0.
A. Circle B. Ellipse C. Parabola D. Hyperbola

Identify the trace of the surface 222 + y — 22 = 5 where r = 1.

A. Circle B. Ellipse C. Parabola D. Hyperbola
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14. Identify the trace of the surface 422 + 4y2 + 322 = 100 where z = 0.
A. Circle B. Ellipse C. Parabola D. Hyperbola

15. Identify the trace of the surface 3z% — 3y% — 322 = 0 where £ = 2.
A. Circle B. Ellipse C. Parabola D. Hyperbola
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True/False and Multiple Choice Questions

SECTION 13.8

1.

4.

10.

11.

12.

13.

14.

15.

Convert (3,4, 8) from rectangular coordinates to cylindrical coordinates.

A. (5,0.927,8) B. (5,0.644,8) C. (25,0.927,8) D. (5,0.644,8)

Convert (4,2,4) from rectangular coordinates to spherical coordinates.

A. (36,0.464,0.841)  B. (6,0.464,0.841) C. (36,1.107,0.730)  D. (6,1.107,0.730)

Convert (3,7/2,7/2) from spherical coordinates to rectangular coordinates.

A. (0,0,3) B. (3,0,0) C. (0,3,0) D. (3,3,3)

Convert (5,7/4,7/6) from spherical coordinates to rectangular coordinates.

A (5_\/_5 5v2 5__\/§) B (25\/5 25v/2 25\/5)

4 4’ 2 4 4 7 2
VI0 vi0 V5 JI0 V0 V0
Cl=T 7T = D\t =T =

Answer true or false: There is no way to convert from cylindrical coordinates directly to spherical
coordinates.
Convert the equation p = 4 from spherical coordinates to cylindrical coordinates.

A z22=16-1r2 B. 422=1-4r? C. 22=4—4r? D. 422=1-1r2

Convert the equation p = 2 from spherical coordinates to rectangular coordinates.

A 22+y?+22=4 B. 22 +y?2+22=2

C. 42 +4y? +422=1 D. 47?2 +4y% + 422 =4

Convert the equation 4z = z2 + y? from rectangular coordinates to cylindrical coordinates.
A 4z =12 B. z=4r? C. 2z=r D. z=2r

Answer true or false: (1,0,0) in rectangular coordinates and (1,0,0) in cylindrical coordinates
identify the same point.

Answer true or false: (0,1,0) in rectangular coordinates and (0,1,0) in cylindrical coordinates
identify the same point.

Answer true or false: The equation in rectangular coordinates, z = 2x2 + 2y2, converts to the
equation z = 2r? in cylindrical coordinates.

Answer true or false: The equation 2z = 4pcos¢ in spherical coordinates converts to cos¢ =
4z

———————— in rectangular coordinates.
Vr2+y? 4 22

Answer true or false: The equation z = 4 in cylindrical coordinates converts to z = 4 in rectangular
coordinates.

Answer true or false: z = 1/5x2 + 5y? in rectangular coordinates converts to z = v/5r in cylindrical
coordinates.

Answer true or false: The equation p = 7 in spherical coordinates converts to 7z = 74/z2 + y? in
rectangular coordinates. .
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CHAPTER 13 TEST

10.

11.

12,

13.

14.

15.

Find the distance from (3,5, 6) to the zy-plane.
A 3 B. 5 C. 6 D. 215

The surface described by 2 + y% + 22 = 8 is a(n)
A. sphere B. cylinder C. cone D. ellipsoid

Answer true or false: (z +2)% + (y — 1)? + (z — 3)2 = 5 describes a sphere centered at (—2,1,3)
with radius v/5.

Find the norm of u = 4i + 3j + 2k.
A 29 B. V29 C. 9 D. 3

Ifu=4i+5j—2kandv=i-j+2k,u+v=
A 5i+4j-4k B. 5i+ 6j C. 5i+4j D. 5i+6j—4k

Let u = (1,3) and v = (5,9). Find x that satisfies 3u = v + x.
A (-2,0) B. (8,18) C. (-2,2) D. (1,1)

Answer true or false: If ||v]] = 4 and ¢, the angle the vector makes with the positive z-axis is 45°,

then v = (2v/2,2v/2).

Find the dot product (5,2) - (3, 8).
A 18 B. 46 C. 31 D. 77

Find the dot product (5, 3) - (2,4).
A 26 B. 22 C. 25 D. 48

Let u= (2,5), v=(3,1), and w = (1,2). Find (u - v)w.

A (11,2) B. (5,12) C. (11,22) D. (12,13)
. . o . 1 1

Answer true or false: Let u = 4i + 3j + 5k. The direction cosines are cosa = 3 cosfB = 1 and
cosy = S

T
Ifu=-2i—-3j—4kandv=-i+3j—2k,uxv=
A 18i-9k B. 18i+4j-9k C. 18i—-4j-9k D. 12i+8j—3k
Ifa=2jand b=4i+k, find axb.
A O B. 2i+8k C. —-2i—8k D. 2i-8k
A parallelogram has u = —2j — k and v = i + 3j as adjacent sides. The area of the parallelogram
is

v 5

A. VI B. V5 C. 7? D. %:

Ifu=(23,2),v=(3-21),and w= (3,4,-1), find u - (v x w).
A. 46 . B. —46 C. 24 : D. -24



162

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

True/False and Multiple Choice Summary Test

Answer true or false: The volume of the parallelpiped that has u, v, and w as adjacent edges,
whereu=i+j+k, v=2i+j—k,and w =i —4j+ 3k is 21.

Answer true or false: The parametric equations to the line passing through (—3,2,4) and parallel
tov=(5"7-3)arez=5-3ty="7+25t 2z = -3 +4t.

Answer true or false: The parametric equations for the line whose vector are given by (z,y, z) =
(1,4,7) +t(2,1,3)isz=1+2t,y=4+t, 2z =7+ 3t.

The lines (z,y,2) = (1,4,7) + £(9,8,2) and (z,y,2) = (3,8,1) + ¢(9,8,2) are

A. skew B. perpendicular C. parallel D. The same line
The equation for the plane that passes through P(2,1,4) and has n = (3,1,7) as a normal vector
is

A Bz-2)+(y—-1)+(7z2—4)=0 B. Bz+2)+(y+1)+(7z2+4)=0

C. 3(z-2)+(y—-1)+7(z—-4)=0 D. 3(z+2)+(y+2)+7(z+4)=0

Find the equation of the plane that passes through P;(0,0,0), P»(2,1,3), and P3(5,2,4).

A 2z2-Ty+2=0 B. z-2)+@y+7)+(2-1)=0

C. -2x+7y—2=0 D. (z+2)+(y—-7+(z+1)=0

Answer true or false: The planes z + 3y — 2z = 6 and —2z — 6y + 4z = 1 are parallel.

Identify the quadratic surface defined by 22 — 3y% + 22 = 1.

A. Sphere B. Ellipsoid

C. Hyperboloid of one sheet D. Hyperboloid of two sheets

Identify the trace of the surface 3z2 — 4y + 322 = 1 where y = 1.

A. Circle B. Ellipse C. Parabola D. Hyperbola

Convert (2,4, 4) from rectangular coordinates to spherical coordinates.

A. (36,0.469,0.841)  B. (6,1.107,0.841) C. (36,1.107,0.730)  D. (6,0.464,0.730)

Convert the equation y/z2 + y2 + 22 = 16 from rectangular coordinates to spherical coordinates.
A p=32 B. p=4 C. p=8 D. p=16
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CHAPTER 14
Vector-Valued Functions

SECTION 14.1

10.

11.

12.

13.

14.

Find the domain of r(¢) = (1 + sint)i — 2tj; to = 0.

A 0<t<o B. —0o<t<o C. 0<t<2orm D. —n<t<nw
Find the donain of r(t) = v — 2i + t%j — 3tk; to = 5.

A 2<t< o B. 0<t< > C. 5<t< o D -2<t<

Find the domain of r(t) = (t2,t — 2,1/t + 3);t0 = 5.
A 0<t<x B. 3<t< ™ C. -3<t<m D. —co<t< @

Answer true or false: r(t) = sinti + costj can be expressed as a parametric equation by z = sint,
y = cost.

Answer true or false: r(t) = costi+sintj can be expressed as a parametric equation by z2+y% = t.

Answer true or false: The parametric equation z = ¢, y = ¢2 can be expressed by the single vector
equation r(t) = t3i + ¢3j.

Answer true or false: The parametric equation z = sint, y = 2t, z = 4t can be expressed by the
single vector equation r(t) = sinti + 2tj + 4tk.

Describe the graph of r(t) = 2ti + 4tj + 6tk.
A. Twisted cubic B. Straight line C. Spiral D. Parabola

Describe the graph of r(t) = 4i + costj + sintk.
A. Straight line B. Spiral C. Parabola D. Circle

Describe the graph of r(t) = —2i + 3sintj — 3 costk.
A. Straight line B. Spiral C. Parabola D. Circle

Describe the graph of r(t) = ti + sintj + costk.
A. Straight line B. Spiral C. Parabola D. Circle

Describe the graph of r(t) = t2i + t3j + tk.
A. Cubic B. Twisted cubic C. Spiral D. Parabola

As t increases, the graph of r(t) = (sint, 2 cost, t) sketches

A. Clockwise and up B. Counter-clockwise and up
C. Clockwise and down ~ D. Counter-clockwise and down

As t increases, the graph of r(t) = (3cost,2sint, —2t) sketches

A. Clockwise and up B. Counter-clockwise and up
C. Clockwise and down D. Counter-clockwise and down

165
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15. Ast increases, the graph of r(t) = (cost,2sint,t) sketches

A. Clockwise and up B. Counter-clockwise and up
C. Clockwise and down D. Counter-clockwise and down
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SECTION 14.2

10.

11.

12.

13.

If r(t) = (5 — 2t)i + (t? — 4)j, find r'(¢).
2, E. 2., (B .
A i+ —j B. (5t—t)i+(—-—-4)j
3 3

C. —2i+2tj D. -4
If r(t) = 2ti — 3tj + sintk, find r'(t).
A. 2i-3j+costk B. 2i-3j—costk
C. —6cost D. 6cost
Find r'(7/2) if r(t) = sinti + costj + k.
A i B. -i C. -j D. j
Find r'(0) if r(t) = 5t3i + 2t2j + tk.
A 15i+6j+k B. 0 C. k D. 5i+2j+k
lim t%i + tj =
t—2
A 6 B. 4i+2j C. Not defined D. 2
lim (sint, cost,t) =
t—mw
A (0,-1,7) B. (0,-1,0) C. -« D. =
Answer true or false: r(t) = 2sinti + costj is continuous at ¢t = 0.
Answer true or false: r(t) = Inti + 2costj — Intk is continuous at ¢ = 0.
r(t) = t3i — 2¢t2j + tk. Find r”(t).
A 3ti-4tj+k B. 6ti—4tj+k C. 6ti—4j D. 6ti+4tj+k
/(Zti +3j)dt =
A %+ 3tj+C B. (t2+C)i+ (3t+0)j
C. (2+C)i+ (3t+Cy)j D. t2+3t+C

w/2
/ (sint,cost) dt =

0

A (-1,-1) B. (-1,1) C. (1,1) D. (1,-1)

3
/ (t%,t,2) dt =

0

A. (9,9/2,6) B. (9,9/2,2) C. (9,9,6) D. (9,3,2)
Answer true or false: If r(t) = t3i + 2tj, the tangent line at to = 1 is given by r = 3t2i + 2j.
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14. If y/(t) = 4ti + 32§, y(0) = i + 2j, find y(¢).
A.
C.

15. If y/(t) = 2ti + 9¢%j, and y(1) = i +j, find y(t).
A.
C.

(6t2 + 1)i + (6t3 + 2)j
221 + 3t%j

t2i + (3t3 — 2)j
(2 +1)i+ (32 +1)j

True/False and Multiple Choice Questions

22 +1)i+ (2 +2)j
6t2i + 6t3j

21+ (3t2 + 2)j
21 + (3t3 + 4)j
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SECTION 14.3

10.

11.

12.

13.

Answer true or false: r(t) = t2i + t3j + sintk is a smooth function of the parameter ¢.
Answer true or false: r(t) = t2i + t3j + sin(2t)k is a smooth function of the parameter t.
Answer true or false: r(t) = v/ti+ t2j + 5t%k is a smooth function of the parameter ¢.

Find the arc length of the graph of r(t) = 2ti + 3j+ 7k; 2 < t < 5.
A 6 B. -6 C. 21 D. -21

Find the arc length of the graph of r(t) = sinti + costj +2k; 0 <t < 7.

A 2 B. 27 C. « D. 0
Find the arc length of the graph of r(t) = efi + 2e'j + 2e'k; 0 <t < 1.

A 3e B. 5¢—-5

C. 3¢-3 D. (1+2v2)e—1-2v2

Find the arc length of the parametric curve z = 2¢ef, y = ¢!, z =2e%; 0 <t < 1.

A 3e B. 5¢-5

C. 3e—3 D. (1+2v2)e—1-2V2
Find the arc length of the parametric curve £ = 6, y = —sint, z = cost; 0 <t < .
A 2 B. 2« C. x D. 0

Find the arc length parametrization of the line x = 4t + 2, y = 6t — 1 that has the same orientation
as the given line and uses (2, —1) as a reference point.

A po_S s B L2 _ 3
' o131 /i3 Py T s
s s 2s 3s
C.r=—xx+2,y=—-1 D z2=—=+2,y=—= -1
w3 YT/ Vi3 VT3

Find the arc length parametrization of the line T = 2cost + 4, y = 2sint — 3 that has the same
orientation as the given curve and uses (6, —3) as a reference point.

A x=2cos(%)+4,y=2sin(—;-)—3 B. r=coss+4,y=sins—3
C z—2cos(f)+2 —2sin(f)—§ ‘D. z=coss+2 —sins—§
. - 2 1y_ 2 2 - - 7y— 2

Answer true or false: If r = 4ti + (—2t + 3)j, the arc length paramentization of the curve relative
to the reference point (0,3) involves the parameter t = 21/5s.

Answer true or false: If r = (6t + 2)i + (4t + 2)j + (2t — 1)k, the arc length paramentization of the
curve relative to the reference point (2,2, —1) involves the parameter ¢ = .
point ( ) P Wit

Answer true or false: If r = costi—sintj+2tk, the arc length paramentization of the curve relative
s
to the reference point (1,0,0) involves the parameter ¢t = —

7
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14. Answer true or false: If r = (¢t — 2)i + (4t — 3)j + 2tk, the arc length paramentization of the curve
relative to the reference point (-2, —3,0) involves the parameter t = —.
point ( ) p 7o

15. Answer true or false: If r = (2t — 1)i + (3t — 1)j + (4¢ + 1)k, the arc length paramentization of the

curve relative to the reference point (-1, —1,1) involves the parameter t = —.

V3
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SECTION 14.4

10.

11.

12.

13.

r(t) = t%i + 2tj. Find T(t) for t = 2.

2 1 1 1
A it —j B. —k C. ——k D. i
Vs VB V5 V5
r(t) = t%i + 2tj. Find N(¢) for ¢t = 2.
A. 0.49 — 0.87j B. 0.49i C. 0.49i 4 0.87j D. 0.14i
r(t) = t%i + 2tj. Find B(t) for t = 2.
A. 0.55k B. —0.99% C. 0.99k D. —0.55i
r(t) = (t2 + 2)i + €'j + e’k. Find T(t) for t = 0.
1 1 1 1 1 1 1 1
A, 2i+—j+—=k B —j+—=k C. 2i+—=j+-—=k D. —j+—=k
V2TV VoA VMG V3TV
r(t) = (2 + 2)i + e*j + e’k. Find N(t) for t = 0.
A0 B. 1.334i
C. 0.937i + —0.248j + 0.248k D. 1.334i + 1.334j + 1.334k
r(t) = (t2 + 2)i + €'j + e?k. Find B(t) for t = 0.
A. 2i+0.707j +0.707k B. 0.707j + 0.707k
C. 2i+0.662j + 0.662k D. 0.662j + 0.662k
r(t) = (t2 + t)i + t2j + 3t°k. Find T(t) when t = 0.
A i B. j C. k D. 0
r(t) = (t2 + )i + t2j + 3t?k. Find N(t) when ¢ = 0.
A i B. i-0.022j — 0.022k
C. i+ 0.022j+0.022k D. 0
r(t) = (% 4+ t)i + t%j + 3t?k. Find B(t) when t = 0.
A i B. i-0.022j - 0.022k
C. i+ 0.022j+ 0.022k D. 0
r(t) = e'i+ e?j + e3*k. Find T(t) when t = 0.
3 3 1
A i j + —=k B. 6i-6j+2k
AN R )
1 2 3 1 4 9
C. i+ j+ k D. i+ i + k
vid T vid " i Wi R T
1 4 9
Answer tru false: r(t) = efi + €?j + e3*k. When t = 0, N(¢) = i+ j+ k.
e or r(t) =eti+etj+e en Q) 7\/51 7\/5_] 73
Answer true or false: r(t) = efi+ e?j + e3*k. Whent = 0, B(t) = 3 i— 3 j+ ! k.
TONT O wWT T
r(t) = ti + t2j + t3k. Find T(t) when ¢t = 0.
1 1 3 . 1
A i —j C. —j+—k D. ——k
Vio’ Vo' V10 Vi

17
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1
14. Answer true or false: r(t) = ti + t2j + t3%k. When ¢t = 0, N(t)7r—6j.

1
15. Answer true or false: r(t) = ti+ t2j + t3%k. When t = 0, B(t) = ——=k

2v35
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SECTION 14.5

1.

10.

11.

12.

13.

14.

15.

Find the curviture k(t) for r(t) = sinti + costj.
A1 B. -1 C. 0

Find the curviture k(t) for r(t) = costi + sintj — 3k.
A V11 B. 1 C. sin®t — cos?t

Find the curviture k(t) for r(t) = e'i + €j + 3k.

2¢t 3
A0 B. — C. —
V2 V2et
Find the curviture k(t) for r(t) =i+ 2tj + 3tk at t = 0.
3 4
—_— B. = C. 0
40v/10 3

D.

D.

173

sin?t — cos?t

sin?t + cos?t

Sl

1

Answer true or false: If r(t) = t3i + t4j + t5k, the curviture k(t) is v/36t2 + 144¢% 4 400t5.

Answer true or false: If r(t) = ti + t*j + t3k, the curviture k(t) at t = 1 is

If r(t) = (2t2 — 5)i + (t — 2)j + (4t + 1)k, find the curviture k(t) at t = 1.

2___\/ﬁ B. 4v2 C. ol
V33 33v33 V33
If x(s) = 2cos () i+ (2+2c0s (3 )) j + 4k, find k(s).
A g B c. 2
If r(s) = 5i + 3cos (%)J + 3 cos (g) k, find k(s).
A. % B. % C. 3
If y = cosz, find the curviture at z = —;E
A0 B. 1 C. -1
If y =4 +sinz, find the curviture at z = —72[
A0 B. 1 C. -1
Ifz=1¢3 y=1t2 then k(t) at t = 1 is
% B. —\/(;‘—5 c. 0

Answer true or false: The curve y = z3 has a maximum curviture at = 3.

At what points does 4z2 + 25y% = 100 have maximum curviture?

A. (0,-4), (0,4) B. (—4,0), (4,0) C. (-5,0), (5,0)

At what points does 42 + 25y? = 100 have minimum curviture?

A. (0’ "'4)1 (0’ 4) B. (_47 0)» (470) C. (—5, O)r (570)

9
13v26

gl

18
13v/13

(0,-5), (0,5)

(0,-5), (0,5)
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True/False and Multiple Choice Questions

SECTION 14.6

10.

11.

12.

13.

14.

15.

r(t) = 4t3i + 2tj is the position vector of a particle moving in a plane. Find the velocity.

A, 12¢%i +2j B. 12i C. 24ti+2j D. 24ti

r(t) = 4t3i + 2tj is the position vector of a particle moving in a plane. Find the acceleration.

A. 1221 + 95 B. 12i C. 24ti +2j D. 24ti

r(t) = 4t3i + 2tj is the position vector of a particle moving in a plane. Find the speed at t = 1.

A. 213 B. 12 C. 4 D. 0

Find the velocity of a particle moving along the curve r(t) = t3i + 4tj — t?k at t = 1.
A. 3i+4j-2k B. 6i—2j C. 3i+4j+2k D. 0

Find the acceleration of a particle moving along the curve r(t) = t3i + 4tj — t’k at t = 1.

A 3i+4j-2k B. 6i-2k C. 3i+4j+2k D. 0

Find the speed of a particle moving along the curve r(t) = t3i + 4tj — t’k at t = 1.

A. V29 B. V21 C. 42 D. 210

t? .
Answer true or false: If a(t) = sinti + tj, the velocity vector is v(t) = — costi + —2—j, if v(0) = —j.

3
Answer true or false: If a(t) = sinti + tj, the position vector is r(t) = —sinti + (? + 1) jif
v(0) =iand r(0) = j.

Ifv=2iand a=1i-3j, find ap

A1l B. 2 C. % D. 8

If v=2iand a=1i-3j, find ay.

A 6 B. -6 C. ; D. 3

If v=2iand a=1i- 3j, find k.

A6 B. -6 C. :3; D. 3

r(t) = t3i — 2tj; 1 < ¢t < 2. Find the displacement.

A Ti-2j B. 9i-4j C. 7i+2j D. 9i+4j
r(t) = t3bi — 2tj; 1 < t < 2. Find the distance.

A. V53 B. 3v5 C. V85 D. 9

v(t) = 3i + 2j. Find T(2). |
A —\/%i+—\/%j B. -j—gn —}—5)‘ C. %i+—\/%j D. %H— %j

Find ay if ||a|| = 4 and 6 = 7/3.
A 2 B. 2 C.

S
o
[

N
~
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SECTION 14.7

10.

11.

12.

13.

Answer true or false: According to Kepler’s second law a planet moves fastest at a point on its
semimajor axis.

If an object orbits the sun with rp. = 110,000,000 miles and 7, = 100,000,000 miles, the
elliptical orbit has eccentricity

1 1
o C. 20 D.

If an object orbits the sun with 7y, = 210,000,000 miles and rgj, = 200,000,000 miles, the
elliptical orbit has eccentricity

1 1
i C. 40 D.

Answer true or false: Object 1 has ryax = 110,000,000 miles and i, = 100,000,000 miles. Object
2 has rax = 120,000,000 miles and r,;, = 110,000,000 miles. Both elliptical orbits have the same
eccentricity.

A 21 B.

A 41 B.

Find the speed of a particle in a circular orbit with radius 102> m around an object of mass 1022 kg.
(G = 6.67 x 107! m/kg-s?)

A. 150 x 10'® m/s B. 667x10" m/s C. 3.87x10% m/s D. 2.58x 10" m/s
Find the speed of a particle in a circular orbit with radius 1027 m around an object of mass 10%* kg.
(G = 6.67 x 10~ m/kg-s?)

A. 150 x 103 m/s B. 667 x 10" m/s C. 3.87 x 10° m/s D. 258 x 1077 m/s

An object in orbit has rmax = 10?4 km and e = 0.58. Find 7.

A. 2.66 x 102 km B. 2.70 x 10% km C. 2.66 x 10%* km D. 2.70 x 10%* km

An object in orbit has rmin = 10%* km and e = 0.58. Find rpax.

A. 3.76 x 10?6 km B. 3.80 x 10?6 km C. 3.80 x 10%° km D. 3.76 x 10?4 km

An object in orbit has rpa = 10?* km and e = 0.52. Find rpp.

A. 3.16 x 10?3 km B. 3.21 x 102 km C. 3.24 x 10 km D. 3.27 x 10% km

An object in orbit has 7y, = 10?4 km and e = 0.52. Find rpay.

A. 3.15x 10%* km B. 3.17 x 10%4 km C. 3.19x10* km D. 3.21 x 10%* km

If, for an elliptical orbit, rmin = 10%° km and e = 0.59, find a, the semimajor axis.

A. 2.40 x 10% km B. 2.44 x 10%® km C. 2.47 x 10% km D. 2.51 x 10%° km

If, for an elliptical orbit, rmax = 102° km and e = 0.59, find a, the semimajor axis.

A. 6.25x10* km B. 6.27 x 10*! km C. 6.29 x 10** km D. 6.31 x 10 km

If, for an elliptical orbit, T, = 102® km and e = 0.81, find a, the semimajor axis.

A. 5.23 x 10%® km B. 5.26 x 10%® km C. 5.29 x 10%® km D. 5.32x10%® km
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14. If, for an elliptical orbit, rpa, = 10%°

A. 5.41 x 10%® km B. 5.49 x 10% km C. 5.44 x 10% km D. 5.52 x 10%* km

km and e = 0.81, find a, the semimajor axis.

15. Answer true or false: If a = 1.50 X 10'° km and e = 0.10, 7max of an elliptical orbit is 1.65 x 10'° km,
where a denotes the semimajor axis.
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CHAPTER 14 TEST
1. Find the domain of r(t) = (vt — 3,t3,t — 5);t, = 6.
A 0<t< B. 3<t<o> C. -3<t<> D —o<t<x

2. Answer true or false: The vector equation r = costj+sintk can be expressed as a single parametric
equation by £ = 0, y = cost, z = sint.

3. Describe the graph of r(t) = 5i + sintj + costk.
A. Straight line B. Spiral C. Parabola D. Circle

4. Describe the graph of r(t) = 3 + tj + t’k.
A. Cubic B. Twisted cubic C. Spiral D. Parabola

5. If r(t) = 2i + 5t%j + costk, find r'(t).

A. 10tj —sintk B. 10tj +sintk
C. ti+10tj —sintk D. ti+10tj+sintk

6. Answer true or false: r(t) = t%i + 2j — 3tk is continuous at ¢ = 0.

7. /(5ti +7j)dt =

A. gt2i+7tj+c B. (gt2+0)i+(7t+0)j+0
5 2 . s 5 o
C. §t +C1 )i+ (Tt+Cr)j+C D. 3t +7t+C

8. /OW/Z(cost,sint,2sint) dt =
A (1,1,2) B. (1,-1,-2) C. (-1,1,2) D. (-1,-1,-2)
9. Answer true or false: If r(t) = sinti + costj, the tangent line at ¢y = 7 is given by r(t) = —i.
10. Answer true or false: r(t) = 2ti + 3costj + t°k is a smooth function of the parameter ¢.

11. Find the arc length of the graph of r(t) = —sinti + 6j + costk; 0 <t < .
A 2 B. 2rn C. = D. 0

12. Find the arc length of the parametric curve £ = sint, y =8, z = cost; 0 < t < 7.

A 2 B. 2 C. = D. 0

13. Answer true or false: If r = (4t — 3)i + (¢t + 2)j + (v/3 + 2t)k, the arc length paramentization of
the curve relative to the reference point (—3,2,0) involves the parameter t = s

Vi’

14. r(t)=(t2-2)i+ (2t - 1)j,t =2. T(2) =
A Liv 2 B. ——k c Ly D. i
. \/51 \/5.] . \/5 . \/_5_ A .1

15. Answer true or false: r(t) = (2 — 2)i+ (2t — 1)j,t = 2. N(t) for the given value of ¢ is i.
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16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

True/False and Multiple Choice Summary Test

Answer true or false: r(t) = (t2 —2)i+ (2t — 1)j;t =2. B(2) = —%.
Find the curviture k(t) for r(t) = 5i + 2tj + 3t’k at t = 0.
3 4
— B. - C. 0 D. 1
40v/10 3
Answer true or false: If r(t) = t3i + t5j + t*k the curviture k(t) is 20t5 — 30t5 + 336t*.
Answer true or false: If r(t) = (2t + 1)i + (¢t + 2)j + 4tk, the curviture k(t) at t = 1 is 417
Ifr(t) = , the cu = —_—
! 33v/33
. S . . s
If r(s) = (—2 + 4sin (Z) i+2j+4cos (Z) k, find k(s).
1 1
A 16 . R .=
B. 4 C 1 D 16
If y = 9 + sinz, find the curviture at z = —g
A0 B. 1 C. -1 !
. . . 275
Ifz=t>-1,y=t3+2,then k(t)at t =11is
6 6 18
—_— B. — C. 0 D. ——
13V13 V13 13v13
r(t) = (4t +5)i+ (2t — 1)j is the position vector of a particle moving in a plane. Find the velocity.
A. 12t% +2j B. 12 C. 24ti+2j D. 24ti

r(t) = (4t + 5)i + (2t — 1)j is the position vector of a particle moving in a plane. Find the
acceleration.

A, 12¢%1 + 2j B. 12i C. 24ti+2j D. 24ti

r(t) = (4t3 + 5)i + (2t — 1)j is the position vector of a particle moving in a plane. Find the speed
att=1.

A. 2V/13 B. 12 C. 24 D. 0
Answer true or false: If a(t) = sinti + 2tj, the position vector is v(t) = —sinti if v(0) = —i and
r(0) =0.

Answer true or false: Each planet moves in an elliptical orbit with the sun at the center of the
ellipse.

If an object orbits the center of the sun with rax = 310,000,000 miles and rmi, = 300, 000, 000 miles,
the elliptical orbit has eccentricity

1 C. 60 D. 1

A. 61 .=
B 61 60
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CHAPTER 15
Partial Derivatives

SECTION 15.1

1.

10.

11.

12.

13.

14.

f(z,y,2z) = 2? — yz. Find £(1,3,2).
A -4 B. -5 C. -7 D. 5

f(z,y,2) = 3¢*¥ + z. Find £(3,0,9).

A 9 B. 3e+6 C. 6e D. 9e
fz,y,2) = vz + y + z.Find f(3,0,1).
A 4 B. 0 C. 2 D. 1

Answer true or false: f(r,y) =9 describes a plane parallel to the zy-plane 9 units above it.

Answer true or false: f(z,y) = 222 + 2y? graphs in 3-space as a circle of radius 1 centered at (0,0)
and confined to the zy-plane.

Answer true or false: f(z,y) = v/z2 + y2 graphs as a semicircle.

Answer true or false: f(z,y) = /z2 + y? + 6 graphs as a hemisphere.

The graph of z = 8z2 4 8y for z =0 is

A. A circle of radius 4 B. A circle of radius 2
C. A circle of radius 16 D. A point

The graph of z = 822 — 4y? for z = 0 includes the point
A. (0,0,0) B. (1,0,0) C. (0,1,1) D. None of the above

Let f(z,y,2) = 3z2 + y? — 2. Find an equation of the level surface passing through (0,1,1).
A 322 +y?-2=4 B. 322+42-2=0

C. 322442 —2=2 D. 3224+y2—2=-2

Let f(z,y,2) = 222 + y? — 22. Find an equation of a level surface passing through (0,1,0).
A —22=1 B. 22=1

C. 222 4+y2—22= D. 2224+ y?2-22=-1

f(z,y,2) = e*¥. Find an equation of the level surface that passes through (3,0, 2).

A e =2 B. &% =3 C. ¥ =1 D. e*¥* =0

Answer true or false: If V(z,y) is the voltage potential at a point (z,y) in the zy-plane, then the

V2z2 + 2y?

level curve for V, called the equipotential curve, is V(z,y) =

(1,0) when V(z,y) = 1.

, and it passes through

Answer true or false: If V(z,y) is the voltage potential at a point (z,y) in the xy-plane, then the

level curve for V, called the equipotential curve, is V(z,y) = , and it passes through

(0,1) when V(x,y) = 1.

181



182 True/Faise and Multiple Choice Questions

15. What is/are the domain restriction(s) for f(z,y) = In(x?y)?

A 2>0,y#£0 B. £>0,y>0
C. #0,y#0 D. No restrictions exist
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SECTION 15.2

1. 3r+y=

lim
(z,)—(3,4)

A 10

2. lim
(z,y)—(m,0)

A0

3. Answer true or false:

4. Answer true or false:

5. Answer true or false:

6. Answer true or false: lim 3z + y+ 5 does not exist.
(z,y)—(0,0)
7. lim 2zy=
(z,y)—»(l,l)
A0 B. 1 C. 2 D
8. lim 8e% =
(z,y)—(0,1)
A0 B. 1 C. 8 D
9 i 8sin(z? + y%)
C @)=00) /22 +y2 4 1
A 4 B. 0 C. 1 D.
10. lim Tyz =
(z,y,2)—(1,2,1)
A2 B. 4 C. 0 D
1. lim X3
(z»y)“'(ovo) y + 2
3
A. 2 B. 0 C. 1 D.
12. Answer true or false: f(z,y,z) = 6z%y?z is continuous everywhere.
13. Answer true or false: f(z,y,z) = 2cos(ryz) is continuous everywhere.
4z . .
14. Answer true or false: f(z,y,z) = ——— is continuous everywhere.
5sin(zy)
15. Answer true or false: f(z,y,2) = y®2?In|z| is continuous everywhere.

B. 7 C. 14 D.
(2+y)sinz =

B. 1 C. 2 D.

lim ——=—— does not exist.
(z,9)—(0,0) 422 + y?

lim ———— does not exist.
(z,9)~(0,0) 22 + 3y?

~2z
lim - does not exist.
(z,y9)—(0,0) T + y

183

Does not exist.

Does not exist.

Does not exist.

Does not exist.

Does not exist.

Does not exist.

Does not exist.
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SECTION 15.3

10.

11.

12.

13.

14.

15.

f(z,y) = 2%y". Find fo(z,y).
A, 4x3y” . B. 28z3y8

f(z,y) = In(zy). Find f,(2,3).

3 1
A. 3 B. 3
a
z = €%V, Find —a—z
A. 5xedrv B. 557

Answer true or false If f(z,y)

z = 4sin(z%y*). Find -gg

4
A <x2y3 + %) cos(z2y?)
C. y®cos(z?y?)

f(z’y) = 2$4y3- Joz =

A, 24x%y3 B. 62%y

Answer true or false: If (z2 + y® + z4)/4 = 2, 2% —

flzy,2) = (2 + y* + 22)V4 £,(1,3,2) =

1 B L
2v143 - V18

f(,y,2) =ze¥*. f; =

A. zye¥* B. ye¥?

f(xvyv Z) = 3y2ezz. fzz =
A. 3e*z B. 3z2¢%2

Answer true or false: x cosz solves the wave equation.

Answer true or false: If z = 2sinz cosy, —

=zt + 392, fy(z,y) =

True/False and Multiple Choice Questions

4z3y7 + 42245 D. 42x%y8
5 1
6 D- %

C. 5yed™¥ D. 5zyed®v

e

B. 2zy3cos(z?y?)

D. z2%y3cos(z?y?)

C. 24z3y? D. 2427

6x

(22 + y® + 240)3/1

1 D 7
4143 - V183
0 D y
3y2e? D. 3z%y%e**

Answer true or false: The tangent line to z = x2y at (0,1, 0) in the y-direction has a slope of 1.

f((L' Y,z ) etevz, fozz =

A. 4dzyzelrvz

f(z,y,2) =z cos(yz). fy, =

A. zyzcos(yz) B. —zyzcos(yz)

B. 64z%y3zet*vz

C. 64rz2etzyz

D. dzz2etrvz

C. zcos(yz) D. —zcos(yz)
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SECTION 15.4

1. z=zy% o =13, y=1t2 Find dz/dt.

A 37410 B. 3t6 C. 2t842¢° D. 9¢8
2. z=zsiny; z =t2 y=t. Find dz/dt.

A. t%sintcost B. 2t+1

C. 2tsint +t2cost D. sint — t2cost
3. z=¢"Y;z =13 y=1t>2 Find dz/dt.

A, 10t%e?° B. 6tte2 C. 4tte?” D. &

4. z=dysinz; z =%, y =t. Find dz/dt.

A. 16t3sinvt + 2t7/2 cos /T B. 16t3sinv/t + 2t*cos vt

C. 16t3sin+v/t — 2t7/2 cos v/ D. 16t3sin+/t — 2t cos V1
5. z=2%y*;x =u+v,y=u—v. Find ﬁz_

Ou
A, 3(u—1v)?+2(u+v) B. «°
C. 3(u+v)*(u—v)?+2(u+v)(u—v)? D. 3ut
., 0z

6. 2=2e"; x=u% y=u—v Find 3

A, 4ue?-v B. 2¢v’ -

C. 2(3u? — 2uv)e®’ —v"v D. 4ev’-vv

7. z2=4z—-2y; r =u? y =u— 5v. Find ?ﬁ
ou

A Su+4 B. 6 C. 8u—2+10v D. 8u—-2

8%z dzd0% d%z 0%
8. Answer true or false: If z = f(v) and v = g(z,y), then B = d R + 20 55

9. Answer true or false: If z = z!/5y5, £, and f,, differ on the zy-plane.
10. Answer true or false: If z = z%/3, f,, and f, are equal where y # 0.

11. A right triangle initially has legs of 1 m. If they are increasing, one by 3 m/s and the other by
6 m/s, how fast is the hypotenuse increasing?

9v/2
A 5m/s B. 9m/s C. 92 m/s D. -—2£ m/s
N ., Ow
12. w=r*-3s;r=2z,s=x+ Ty. Find —
z z=1,y=3
A 5 B. 7 C. 4 D. 3
2 ., dw
13. w=4zcosy; z =t% y=>5¢t Find —
d n/2

A 87+3 B. 8« C. —-8n D. 5w
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14. Let f(z,y) = 2. Find fyy,.
A. 6y° B. 0 C. 1 D. 6zxy®

15. Let f(z,y) = €**¥. Find fy4,.

A. 2x2ye?ry B. dxy%e? C. 2zxy?e®y D. 8xy2e?*v
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SECTION 15.5

1. Find an equation for the tangent plane to z = 5z%y at P = (1,2, 7).
A 120z —-1)+5@Fy—2)—(z~T7) =0 B. 240(x—1)+5@y—2)—(z2—T7)=0
C. 120z —1)+5(y—2)+(z=7)=0 D. 240(z—1)+5(y—2)+(z—=7) =0
2. For z = 52%y, find the parametric normal lines to the surface at P(1,2,4).
A z=1-20t,y=2—-5t, 2=T+1 B. £=1+20t,y=2+5t,z2=7—1t
C. z=1-20t,y=2—-5t,2=T—t D. z2=14+20t,y=2+5t,z=T+1t
3. Find an equation for the tangent plane to z = 4z7y? at P = (1,2,9).
A 112(z—1)+8y—2)—(2-9) =0 B. 112(z—1)+16(y —2) — (z—9) =0
C. 112(x-1)+8(y—2)+(2—-9)=0 D. 112z -1)+16(y—2)+(2—-9) =0
4. For z = 4z"y?, find the parametric normal lines to the surface at P(1,2,9).
A z=1-112t,y=2-16t, z=9+1 B. 2=1+112t,y=2+16t, 2 =9t
C. z=1-112t,y=2-16t,z2=9—-1 D z=14+112t,y=24+16t,z2=9+1t
5. Find an equation for the tangent plane to z = sin(2z) cos(3y) at P = (m,,5).
A 2z-m)-3y~n)—(2—-5)=0 B. -2(z—m)-3(y—m)+(z—5)=0
C. 2x-m)—(2-5)=0 D. 2(zx—m)+(2—-5)=0
6. For z = sin(2x) cos(3y), find the parametric normal lines to the surface at P = (m,,5).
A z=7n4+2t,y=m,2z=5—-1 B. z=n+2t,y=m2=5+1¢
C. z=n-2t,y=m,z=5+1 D z=7n-2t,y=m,z2=5—1t

7. Find an equation for the tangent plane to 3x2 + 4y% + 22 = 9, at P = (1,0,6).

A. —6(%-1—)——%—(2—6)=0 B. %\/%I—Mf/y_ (z—6) =0
C. _—G(%i)—%ﬂz—ﬁ):o D. 6(31/_1)+8—\/y_+(z—6)=0
8. For 3z? + 4y% + 22 = 9, find the parametric normal lines to the surface at P = (1,0, 6).
A x:l—%,y:——%,z:6—t B. z—1+\/§,y \/ﬁ,z 6—t
C. x:l—%,y:—%,z=6+t D. x—l+\/§,y \/_2"2 6+t

9. Find an equation for the tangent plane to 3z%y — 23 =9, at P = (1, -1,5).

1 1 1

A. ———\/1_8.(:1:—1)——2m(y+1)—(z—5)=0 B. ——ﬁg(x—l)+—2m(y+1)+(z—5)=0
1 1 1 1

C. ——m(m+1)+———2m(y~1)—(z+5)=0 D. _—_\/Té(x+1)+—2\/ﬁ(y_1)+(z+5)=
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10.

11.

12.

13.

14.

15.

True/False and Multiple Choice Questions

For 3x%y — 23 = 9, find the parametric normal lines to the surface at P = (1,—1,5).

1 1 1 1
A z=1-—ty=-1———tz=5-t¢ B. z=1—-—ty=—-1——=t,2=5+1
/s Y 2v/18 Ji8 Y 2v18
C. z=1+ 1 ty=-1+ ! t,z=5—-1t D z=1+ 1 t,by=—-1+ 1 t,z=5+t
' Jis Y 2/18" : VT 2V/18 "

Answer true or false: If f(z,y) = z° + y2, then df(z,y) = 5z* dz + 6y dy.

Answer true or false: If f(z,y) = z5y%, then df(z,y) = 5z dzx + 4y° dy.

For the gas law PV = nRT, where n and R are constants, estimate the change in nRT as P goes
from 1 atm to 1.001 atm and V goes from 2 m® to 2.003 m3. Answer in atm-m?3.

A. 0.005 B. 0.003 C. 0.002 D. 0.0015

Use the total differential to approximate the change in f(z,y) = 2% + 3y as (z,y) varies from
(3,4) to (2.99,4.02).

A, 0.01 B. 0.03 C. 2.82 D. 0.78

Use the total differential to approximate the change in f(z,y) = zy as (z,y) varies from (3,4) to
(2.99,4.02).

A. 0.05 B. 1.10 C. 0.02 D. 0.10
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SECTION 15.6

10.

11.

12.

13.

14.

15.

z =Tz + 2y. Find Vz.
A Ti+2j B. Tzi+ 2yj C. zi+yj D. -71-2j

z = 222 4 3y2. Find V2.
A. 2z + 3yj B. 4zi+ 6yj C. 2i+3j D. zi+yj

f(z,y) = 2(z% + y)%2. Find the gradient of f at (1,3).
A. 24i+4j B. 6i+2j C. 6i+j D. 12i+6j

f(z,y) = 2zy. Find the gradient of f at (2,1).

A 2i+4j B. 4i+2j C. 2i+2j D. 6i+6j
flz,y) =€ P=(2,1);u= 22 j. Find D, f at P.
Vi3 V13
4 8
32e 32 o 2 D. o8
V13 V13 V13
2 3
z,y) =ye*; P =(0,4); u= —i+ —=j. Find D, f at P.
flz,y)=y (0,4) Bt f
11 14 5
— B. 0 C. — D. —
V13 V13 V13

Answer true or false: If f(z,y) = 5¢®¥ + 3z and a = 4i + 3j is a vector, the direction derivative of

f with respect to a at (3,2) is 2(1566 + 3)i + 6e8j.

Find the largest value among all possible directional derivatives of f(z,y) = 3z3 + 7y.

A, B81z%+14 B. /926 + 1492 C. 8lz*+14 D. 9z2+47

Find the smallest value among all possible directional derivatives of f(z,y) = = + 4y.

A. =B B. /5 C. —V17 D. V17

A particle is located at the point (4,7) on a metal surface whose temperature at a point (z,y) is
T(z,y) = 25 — 3z% — 2y2. Find the equation for the trajectory of a particle moving continuously
in the direction of maximum temperature increase. y =

7 (4z)%/3 7
2/3 2/3 ! 23
A =z B. 42/3:c C. 7 D. R
A particle is located at the point (2,9) on a metal surface whose temperature at a point (z,y) is

T(z,y) = 16 — 222 — 3y>. Find the equation for the trajectory of a particle moving continuously
in the direction of maximum temperature increase. y =

9 3/2 C (233)2/3

2/3 —
A =z B. 23/2z . 9

9
D. 2 2/3
5%
Answer true or false: z = 22 + 4y2. ||Vz| = 10 at (1,1).
Answer true or false: The gradient of f(z,y) = 722 — 3y> at (1,2) is 7i — 6j.
Answer true or false: The gradient of f(z,y) = 1023 — 7y at (2,3) is 10i — 7j-

The gradient of f(z,y) = 5¢*¥ at (0,1) is
A. 5i B. 5j C. i D. j
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SECTION 15.7

1. Answer true or false: f(z,y,2) = 7z% + 4y3 + 522 is differentiable everywhere.

2. Answer true ;)r false: f(z,y,z) = 52* + 6y + 7z is differentiable everywhere.

3. Answer true or false: f(z,y,z) = |z| + sin(yz) is differentiable everywhere.

4. w=22%+3y? +42%,2=3t—-1,y=2t—3, 2 =t2+ 5. Find ‘fi—’;’.

A. 24t +16t3 B. 60t + 16t3 C. 5t+ 4t D. 76t

2 t t 2 g W

5. w=4z4+3y+z2% =€, y=2et 2=1t% Find e

A, Tet +4¢3 B. Tet+2t C. 4¢3 D. 2t
6. f(x,y,2) =9z + 2y3 + 23. Find the gradient at (1,2,1).

A, 9i+42j+3k B. 9i+24j+ 3k C. i+2j+k D. 9i+2j+k
7. f(z,y,2) = z%yz. Find the gradient at (1,0,1).

A i B. 2i C. j D. k

8. f(z,y,2) = In(xyz)and u = 3i + j — 5k. Find the directional derivative of f at (1,2,3) in the
direction of u.

A. 3i+%j—§k B. 3i+j-5k
1, 1, 2 . .
C. §l+€‘l_§k D. 2In6i+In6j—4In6k

9. f(x,y,2) = e **¥7 and u = 3i + 4j — k. Find the directional derivative of f at (1,0,1) in the
direction of u.

A 4 B. 4k C. zj D. 4j

10. Answer true or false: f(z,y,z) = 4z% + Ty? + 322. The directional derivative of f at (1,1,1) that
has the largest value is in the direction 8i + 3j + 7k.

11. Answer true or false: f(z,y,z) = 3z% + 7Ty? + 422. The directional derivative of f at (1,1,1) that
has the smallest value is in the direction —6i — 14j — 8k.

12. Answer true or false: f(x,y,z) = 3z% + Ty? + 422. The directional derivative of f at (1,1,1) that
has the largest value of f is 1/296.

13. Answer true or false: f(z,y,z) = 322 + 4y? + 72%. The directional derivative of f at (1,1,1) that
has the smallest value of f is —/296.

14. The gradient of cosz + sinz + 22 at (0,0,2) is

A i+4k B. j+4k C. i+j+4k D. -i+4k
15. The gradient of —sinz + y3 + cos z at (7/2,2,7) is

A. 12 B. i+12j+k C. —i+12%j+k D. i+12j—-k
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SECTION 15.8

1. f(z,y) = 22y + 6z + 2y — 8. There is a critical point at
A (-3,-1) B. (-1,-3) c. (3,1) D. (1,3)
2. f(z,y) = 523 + 2y® — 15. There is a critical point at
A. (10,4) B. (5,2) C. (-10,-4) D. (0,0)
3. f(z,y) = 6x* — 2y° + 11. There is a critical point at
A. (6,-2) B. (-6,2) C. (~12,-4) D. (0,0)
4. f(z,y) = e7*¥ + 4. There is a critical point at
A, (0,0) B. (4,4 C. (—4,-49) D. None exist

5. Answer true or false: f(z,y) = e~ + 3e¥ — 1. There is no critical point.

6. f(zr,y)=2°-12x -4y +1. (2,0)is

A. A relative maximum B. A relative minimum
C. A saddle point D. Cannot be determined

7. f(z,y) = 2% — 80z + 3y. (-2,0) is
A. A relative maximum B. A relative minimum
C. A saddle point D. Cannot be determined
8. f(z,y) = 5zy ~10z. (0,2) is
A. A relative maximum B. A relative minimum
C. A saddle point D. Cannot be determined
9. f(z,y) =3zy? +5z%y+1. (0,0) is

A. A relative maximum B. A relative minimum
C. A saddle point D. Cannot be determined

72

10. f(z,y) = 2% + 4xy + y% + 2z + 8y. (—5, :—),-) is

A. A relative maximum B. A relative minimum

C. A saddle point D. Cannot be determined
11. f(z,y) = z%y* — 322. (0,3) is

A. A relative maximum B. A relative minimum

C. A saddle point D. Cannot be determined
12. f(z,y) =22 +2z+y% +2y—~1. (-1,-1)is

A. A relative maximum B. A relative minimum

C. A saddle point D. Cannot be determined

13. Answer true or false: If f(z,y) has two critical points, it is possible that neither is a relative
maximum. :
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14. Answer true or false: Every function f(z,y) has a saddle point.

15. _flz.p) =5V > 7. JD P is

A. A relative maximum B. A relative minimum
C. A saddle point D. Cannot be determined
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SECTION 15.9

10.

11.

12.

13.

14.

15.

4zy subject to 2z + 2y = 20 is maximized at
A (2,2) B. (4,4) C. (5,5) D. (0,0)

zy subject to 4z + 2y = 8 is maximized at

A (1,2) B. (2,1) C. (8,8) D. (2,4)

Answer true or false: To maximize 3z%y subject to 42 — 2zy = 10, Vf(z,y) = AVg(z,y) can be
written as 6zi + 312%j = 4Ai — 2)\j.

Answer true or false: There are no relative extrema of f(x,y,2) = 2+ (y +3)% + (z — 3)2 subject
to the constraint z2 + y2 + 22 = 1.

Answer true or false: 3zyz, subject to 22y + 2% = 6 has an extrema at (0,0, 0).

Answer true or false: z%yz2, subject to  +y + z = 5 has an extrema at (0,0, 0).

Answer true or false: z2yz2, subject to x +y + z = 5 has an extrema at (2,1,2).

Answer true or false: z2yz2, subject to z +y + z = 5 has an extrema at (1,2,1).

Answer tfue or false: To find an extrema subject to a constraint it is always necessary to find A.

Answer true or false: To find an extrema for f(z,y,2) = (z — 4)2 + (y — 4)? + (z — 4)? subject to
ot +yt + 24 =1, Vf(z,y,2) = \Vyg(z,y,2) gives z — 4 = 223\, y — 4 = 23, z — 4 = 223\,

Answer true or false: To find an extrema for f(z,y,z) = (x — 4)% + (y — 4)? + (z — 4)? subject to

1 1 1 .
F+§§+; =0, Vf(z,y,2) = A\Vyg(z,y,z) gives T —4 = —z\, y —4 = —y\, z —4 = —z\.

9
Answer true or false: f(z,y,z) = (z — 4)% + (y — 4)? + (z — 4)? subject to =t
an extrema at (0,0, 0).
Answer true or false: z° + 222y + y® has an extrema when subjected to z3 + ® = 5 at (1,1).
Answer true or false: z3 + 222y + 3 has an extrema when subjected to 3 + y® = 5 at (-1, —1).

Answer true or false: z° + 2z%y + y3 has an extrema when subjected to z% + y® = 2 at (1,1).
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CHAPTER 15 TEST

1. f(z,y,2) =2z? + yz. Find f(1,-2,-1).
A 4 B. 0 C. 1 D. 5

2. Answer true or false: f(z,y) = /2 + y2? + 16 graphs as a hemisphere.
3. Let f(z,y,2) = 5zyz. Find an equation of the level surface passing through (3,1, 2).

A bzyz=6 B. 5zyz =30 C. 5zyz=0 D. 5zyz=5

lim r—vy)=
(z,y)—>(2»1)( 2

A -1 B. 1 C. 3 D. Does not exist

5. Answer true or false: does not exist.

Ii —
(z,y)l—»rn(0,0) 3z2 + 4y2

6. Answer true or false: f(z,y,z) = In|ryz| is continuous everywhere.

7. z=¢€™Y Find QE
Ay
A. Tze™v B. 7€ C. Tye™™ D. Txye™™
3z°
8. Answer true or false: If f(z,y) = /2% + 44°, f.(z,y) = ﬁ.
8 + 4y
9. z=zxcosy; z =t2, y =t. Find dz/dt.
A. t%sintcost B. 2t+1 C. 2tcost—t%sint D. cost—t?sint
. ., 0z
10. z=4x —2y; z =e*, y = sinu — 3v. Find 3
A, —6uwv B. -6 C. 6v D. 6

11. A right triangle initially has legs of 1 m. If they are increasing, one by 10 m/s and the other by
8 m/s, how fast is the hypotenuse increasing?

A. 12m/s B. 18 m/s C. 18V/2m/s D. 9v2m/s

12. Find an equation for the tangent plane to z = 4z7y? at P = (1,2,5).
A, 282%y%(z - 1) +827(y—2) - (2—5)=0 B. 112(z—-1)+16(y—2)—(2-5)=0
C. 282%2%(z—1)+827y(y—2)+(2~5)=0 D. 112z —1)+16(y—2)+ (z=-5) =0
13. For z = 4z"y?, find the parametric normal lines to the surface at P(1,2, 5).
A z2=1-112t,y=2-16t,z=5+¢ B. z=1+4112t,y=2+16t,2=5—1
C. 2=1-112t,y=2—-16t, 2=5—1 D. z=1+112t, y=2+16t, z=5+1¢
14. Answer true or false: If f(z,y) = 25y, then df(z,y) = 5z*dz + 2y dy.

15. z=T7z?+y2 Find V2.
A Ti+j B. 14i+j C. 14zi+ 2yj D. 7i+2j
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9 3

2 i+ —>_; Find D,f at P.

Ji3 /i3 f

9 4 6
= B. 0 Cc. —= D. —
/13 /i3 /13

17. Answer true or false: If f(z,y) = 5¢*¥ + 3z +5 and a = 8i + 6j is a vector, the direction derivative

4
of f with respect to a at (2,3) is -5(1566 + 3)i + 6€%j.

16. f(z,y) = ze¥; P = (3,0); u =

18. Answer true or false: f(z,y,z2) = |z| — 3e%¥? is differentiable everywhere.

19. f(z,y,2) = 7z + 4y + 2. Find the gradient at (2,1,2).
A 28i+4j+k B. 28i+4j+2k C. M4i+4+k D. 14i+4j+2k
20. f(z,y) = 5z% — 2y? — 3. There is a critical point at

A. (5,-2) B. (-10,6) C. (10,-6) D. (0,0)

21. 3zxy subject to 2z + 4y = 16 is maximized at
A (4,2) B. (2,1) C. (8,4) D. (0,0)
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SECTION 15.1
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SECTION 15.6
1L.A 2B 3D 4A 5B 6A 7.F 8A 9.C 10.B 11.B 12.F 13.F 14 F 15 A

SECTION 15.7
1L.T 2T 3F 4B 5A 6B 7.C 8A 9D 10T 11.T 12T 13.T 14.B 15 A

SECTION 15.8
1.B 2D 3D 4A 5T 6D 7.D 8C 9.D 10.C 11.D 122D 13.F 14 F 15D
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1.C 2A 3F 4T 5F 6F 7.F 8F 9.F 10T 11.F 122F 13.F 14 F 15T
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16.A 17.T 18 F 19.A 20.D 21.A
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CHAPTER 16
Multiple Integrals

SECTION 16.1

1,3

1. //(x—4)da:dy=
0 0
15

33 9 11
A ~— . - .- e
2 B 2 C 2 D 2
1 .3
2. //(x—él)dydx:
o Jo
33 21 15 11
A. ) B. -5 C. -5 D. -3
3 2
3. //dxdy:
o Jo
A5 B. 6 C. 0 D. 36

3,2
4. / / e“drdy =
o Jo

A 3e2-3 B. 3¢2-6 C. 6e D. 3e?

v ™
. // 3cosxdxdy =
0 Jrn/2
3 3w

A 3w B. -3« C. - D. -

(41

6. Evaluate //ZzzydA; R={(z,y):1<z<2, -1<y<2}.
R

A 4 B. 2 C.% D. 7

2 4
7. Answer true or false: // 5zy°dA; R= {(z,y): —2<z<4,-1<y<2}is / / 5zy° dz dy.
—1J-2
R

3,2
8. Answer true or false: //z2 sinydA; R={(z,y): 0<x<2,1<y<3}is / / z?sinydy dzr.
1 Jo

9. Find the volume of the solid bounded by z = —2z — 2y and the rectangle R = [0, 3] x [0, 1].
A. 10 B. 21 C. 20 D. 25

10. Find the volume of the solid bounded by z = 10 — 2z — 4y and the rectangle R = [0,1] x [0, 2].
A1 B. 10 C. 9 D. 2

11. Answer true or false: The average value of the function f(x,y) = coszsiny over the rectangle

1 s 27
[0,7] x [0,27] is —/ / sinz cosy dy dr.
T™Jo Jo

197
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12.

13.

14.

15.

True/False and Multiple Choice Questions

Answer true or false: The average value of the function f(z,y) = zy® over the rectangle [0, 4] x [0, 2]

1 4 2
is —/ / zy® dy dz.
8Jo Jo
Answer true or false: The volume of the solid bounded by z = z% and B = {(z,y) : -1 <z < 2,
2 2
0<y<2}is [ [ 3y dydz.
R Y
Answer true or false: The volume of the solid bounded by z = e®e¥ and R = {(z,y): -1 <z <1,

1,2
-1<y<2}is / / e*e¥ dydz.
—1J-1

Answer true or false: The volume of the solid bounded by z = €3*¥ and R = {(z,y): -1 <z <1,

1,2
-1<y<2}is / / e3%Y dz dy.
-1J/-1
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SECTION 16.2

2 x

1. //2xydydm=
o Jo
A 1

B. 2 C. 3 D. 4
2. // dydx =
o Jo
A1 B. 0 C. -1 D. =
2 T
3. //eydydxz
o Jo
A e?2-2 B. e2+1 C. —e? D. €2
1 T
4. //5\/z2+1dydm=
o Jo
3/2 523/2_1
A. 2(23/2+1) B. 10(2—311—) C. 1—;(23/2-1) D. %

5. Answer true or false: / / z%dA, where R is the region bounded by y =z + 4, y = 2z, and z = 16
R

28 2z
is / / 28 dy dx.
16 Jz+4

6. Answer true or false: / / 4ry dA, where R is the region bounded by y =z, y = 0, and £ = 4, is
R

4 pz
/ / dzy dydz.
o Jo
3 2

T

0 Jz
35 36 35 33 35 33
. T— . 1= . —_ - = M=+ =
A 710 B 715 C 7(10 3) D <10+ 3)
8. Find the area of the plane enclosed by y = —z and y = 22, for -1 <z <0.
1 7 1
.= .= . D. =
A 3 B 5 C. 1 5
9. Find the area of the plane enclosed by y = —z and y = z?, for -3 <z < —1.
14 16
.4 .= .= D. 6
A B 3 C 3
3 pz?
10. / / (zy — 4)dydx =
1 z
A. 16 B. 32 C. 64 D. 128

1 z2
11. Answer true or false: / / dydr = —1.
0 Jz 6



200 True/False and Multiple Choice Questions

0 T
12. / 2dydz =
-1J0
A 1

1
B. 1 .= .
C 2 2
3 pz? 9 /T
13. Answer true or false:// f(z,y)dydx:// flz,y)dzdy.
o Jo o Jo

5 z3 5 3;3
14. Aunswer true or false: / / flz,y)dydz = / / f(z,y) dzdy.
o Jo o Jo

5 plnz 5 pe¥
15. Answer true or false: / flz,y)dydz = / / f(z,y)dz dy.
2 J1 2 J1
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SECTION 16.3

/2 0
1. / / rsinfdrdf =
0 cos @
A 1

N

[

Y

(5

10.

11.

12.

13.

.

1 iy
— R —_ D
6 B 6 ¢ 2
w/2 pcos@
/ r3drdf =
-n/2J0
A. -0.33 B. -0.29 C. 0.29 D.
T pcosf
/ / rtdrdf =
0 0
A1 B. -1 C. 0 D
T pcos4f
/ / drdf =
0 0
A1 B. -1 C. 0 D
7/6 psin50
/ / drdf =
0 0
A. 5 B. 0.37 C. -0.37 D.

1 py 1 psiné
Answer true or false: / / 22 +y?dydx = / / drdé.
o Jo 0o Jo
1 /192 s 2 T pl s
Answer true or false: / / e* "V drdy = / / re” drdf.
0o Jo o Jo

1 p/1-22 n/2 pl
Answer true or false: / / dydr = / / rdrdf.
o Jo 0 0

1 Vi=z2 T 2
Answer true or false: / / dydx = / / rdrdf.
-1Jo o Jo

Find the volume of the solid formed by the left hemisphere 72 + 22 = 16.

8w 167 327
.= . — . — D.
A 3 B 3 C 3
Find the volume of the solid formed by the right hemisphere 72 + 22 = 25.
2567 257 2507
A — . — et D.
3 B 6 C 3

Find the volume of the solid formed by the right hemisphere x2 + y2 + 2% = 25.

25T 257 1256w
. — . — . — D.
A 3 B 6 C 6
Find the area enclosed by the three-petaled rose r = 4cos 36.
A I B. I c. T D.

4 2 8

201
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202 True/False and Multiple Choice Questions

14. Find the volume between x2 + y% = 4 and r2 + 22 = 4 below the zy-plane.
8m 167

B. — C. 8n D. 4w

A.3 3

15. Find the region inside the circle r = 25cos 4.

A. 25 B. 5 C. 257 D. 5w
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SECTION 16.4

10.

11.

12.

13.

The surface expressed parametrically by z = rcos, y = rsin8, z = 100 — r2 is

A. A sphere B. An ellipsoid C. A paraboloid D. A cone

The surface expressed parametrically by £ = 7cosf, y =rsinf, z = /36 —r? is
A. A sphere B. An ellipsoid C. A paraboloid D. A cone

Answer true or false: A parametric representation of the surface z + 22 + y? = 7 in terms of the

parameters u = r,and v=yisz =u, y=v, z =5 — u? — v2.

Answer true or false: The parametric equations for 22 + y? = 25 from the plane z = 1 to the plane
z=3arex=>5cosv,y=>5sinv, z=u;0<v<2r,1<u<3.

Answer true or false: Parametric equations for z2 + 22 = 36 from y = 0 to y = 2 are z = 6cosu,
y=v,2=06siny; 0<u<2m,0<v <2

The cylindrical paramentation of z = ye’zﬂ’2 is

A z=rcosf,y=rsinf, z=¢" B. z=rsinf,y=rcosf, z=¢"
C. z=rcosf,y=rsinb, z =re"sind D. z=rsinf, y=rcosf, z=re"sinf

The equation of the tangent planetor =u, y =v, z=u+v? whereu=1and v =0 is

A z41-2y—2=0 B. 2+1+4+2y+2=0
C. z4+1+4+2y—2=0 D z-2y+2z=0

Answer true or false: To find the portion of the surface z = x + y? that lies above the rectangle

3 2
0<z<2,0<y<3, evaluate/ / z+ydzdy.
o Jo

Answer true or false: To find the portion of the surface z = 32 + 4y? that lies above the rectangle

6 p2
0<z<2,4<y<6, evaluate / / v/ 622 + 8y2 dx dy.
4 Jo

Answer true or false: To find the portion of the surface z = 322 + 3y + 4 that lies above the

4 2
rectangle 1 <z <2, 2 <y <4, evaluate / / V1222 + 81y2 + 1 dz dy.
2 J1

Answer true or false: To find the portion of the surface z = 5zy + 3 that lies above the rectangle

3 /5
1<z<3,2<y<5, evaluate / / v/ 25z2 + 2592 + 1dz dy.
1 J2

Answer true or false: To find the portion of the surface z = 3 — 2433 that lies above the rectangle

3 4
0<x<4,0<y<3, evaluate / / V923 + 9y3 dz dy.
o Jo

Answer true or false: To find the portion of the surface z = 22 — 2y that lies above the rectangle

4 2
0<z<2,0<Ly<4,evaluate / / 2z dz dy.
o Jo
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14.

15.

True/False and Multiple Choice Questions

Answer true or false: To find the portion of the surface z = x2 — 5y that lies above the rectangle

1 2
1§x§2,0§y§1,evaluate/ / Vdz? — 4ddz dy.
0o J1

Answer true or false: To find the portion of the surface z = x5 + y® that lies above the rectangle

3 1
0<z<1,0<y< 3, evaluate / / v/25z8 + 25y8 + 1dz dy.
o Jo
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SECTION 16.5

1

[\

w

'y

o

=]

q

o 4

©o

10

2 1 3

. ///xzyzdxdydz=
o Jo Jo
A 18

B.

2 pm/2 pm/2
. / / / coszcosydrdydz =
o Jo 0
A -2

B.

2 p2? oy
. // /y2dxdydz=
o Jo Jo
A 4
1 22 Y
. // /3dzdydm=
o Jo Jo
A1
1 z Yy
. / / / " drdydz =
-1Jo Jo
A 1

T
1 z Y

. / //8z5dzdydz:
-1J0 JO

A 1

"3
6 pmw/2 psiny
. / / / cosydxdydz =
2 Jo 0
A 2

B.

4 pz py
. ///z3ydxdydz=
o Jo Jo
A 2

A 219

3 p2? 3
. // /dxdydz:
1 Jo Jo
A 8

B.
B.
B.

B.

B.

1 z \/y_zq-—S
. / / / yzdrdydz =
-1Jo Jo

B.

B.

9

2

128
21

ot w

~N N

4

12.10

0

7

27

Wl =

Wl

12.19

2.35
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11.

12

13.

14.

15.

-1 0 ,3x
/ / / sinzdrdydz =
-2 J-z2J0

A 8 B. 7

0 T :c2+y2 )
. / / / dzdydx =
-aJo Jo
A 64

—64 B. ——

3
1 z2 z+y
Answer true or false: / / / dzdydz = 2.
o Jo Jo

6 pz py
Answer true or false: / / / drdydz = 36.
o Jo Jo

3 22
Answer true or false: / / / drdydz =37.
o Jo Jo

C.

True/False and Multiple Choice Questions

18
3
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SECTION 16.6

10.

11.

12.

A uniform beam 10 m in length is supported at its center by a fulcrum. A mass of 20 kg is placed
at the left end, a mass of 8 kg is placed on the beam 4 m from the left end, and a third mass is
placed 2 m from the right end. What mass should the third mass be to achieve equilibrium?

A. 28kg B. 36 kg C. 16 kg D. 20 kg

A lamina with density 6(z,y) = 2zy is bounded by z = 2, £ = 0, y = z, y = 0. Find its mass.
A 2 B. 4 C. 1 D. 8

A lamina with density §(z,y) = 2zy is bounded by z = 2, £ = 0, y = 0, y = x. Find its center of
mass.

8 16 8 8 16 16 16 16
A (33) B (33) . (3%) p. (E%)

A lamina with density §(z,y) = 22% + y? is bounded by z =y, z = 0, y = 0, y = 2. Find its mass.
20 20
i c. =&
3 5

A lamina with density §(z,y) = 222 +y? is bounded by z = y, = 0, y = 0, y = 2. Find its center
of mass.

11 1 25 25 25 1
B (4 R (i =22 (=21
A (3’ 3) B (3’ 72) C (72’ 72) D (2’ )

A lamina with density 6(z,y) = 222 + y? is bounded by z = y, z = 0, y = 0, y = 2. Find its
moment of inertia about the z-axis.

32 25 56
A — . .= D. —
5 B. 8 ¢ 72 3
A lamina with density §(z,y) = 222 + y% is bounded by z =y, 2 = 0, y = 0, y = 2. Find its
moment of inertia about the y-axis.
25 32

56
7 B. 16 C. 5 D. 3

A 4 B. D. 2

A.

A lamina with density §(z,y) = 2zy is bounded by z = 2, £ = 0, y = z, y = 0. Find its moment
of inertia about the z-axis.
32 8

16
A — . . D. -
5 B 5 C 4 5
A lamina with density 6(z,y) = 2zy is bounded by z = 2, x = 0, y = z, y = 0. Find its moment
of inertia about the y-axis.
32 8

16

— . .2 D. -

5 B 5 C 5

Answer true or false: The moment of inertia about y = a, where a is the y-coordinate of the center
of mass, is 0.

A

Answer true or false: The centroid given by z = /2x2 + 2y?2 is 0.

The centroid of a rectangular solid in the first octant with vertices (0,0, 0), (0,1,0), and (1,0,1) is

11 1 111 11 1
A (= 2, = . B B (=R
(2’ 2’ 2) B (L,11) C (3’ 3’ 3) D (4’ Y 4)
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13.

14.

15.

True/False and Multiple Choice Questions

The centroid of a rectangular solid in the first octant with vertices (0,0, 0), (0,0,4), and (4,4, 4) is

1 11 2 2 2
A (Z’ T Z) B. (0,2,4) C. (2,2,2) D. (g’ 5 §)
The centroid of the solid given by (z +2)2 +y2 + (z —3)2 =9 is
A (2,0,3) B. (=2,0,3) C. (0,0,0) D. (2,0,-3)

(z+3)* y? +5° L (e—2p
4 16 9
A. (-3,-5,2) B. (0,0,0) C. (2,4,3) D. (3,5 -2)

The centroid of the solid given by =1is
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SECTION 16.7

1.

N

10.

11.

12.

©/2 pmw/2 pl

/ / / p®sinpcos@dpdpdh =
0 0 0

A1l 1

1
B. = C. -1 D. —x
I w/2 p2
/ / /pzsin¢c080dpd¢d0=
n/2J0 0
A g B. —g C. 2n° D. 2n
T p2m pV/36—12 _
Answer true or false: / / / 2rdzdrdf = -81\—(_2——2111
o Jo Jo 3
T 27 . p3
/ / / singcosfpdpdfdp =
o Jo J-3
A0 B. 4 C. -4 D. 6
2 pr/2 8
/ / /cos¢dpd0d¢=
0 J-=x/2J4
3
A = B. 3n C. 0 D. -

2 pm/2 p27

/ / / p®cospsin® pdedfdp =
-2Jo 0

A 16

B. 0 C. 8 D. 4

27 4 p4
/ / / dzdrdf =
0 3 J1

A. 67 B. 2n C. 4r D. =

Find the center of gravity of the sphere 5z% + 5y% + 522 = 4 where é(z,y, z) = 6z%y?22.

A (2,2,2) B. (4,4,4) c. (1,1,1) D. (0,0,0)

Answer true or false: The center of gravity of the solid enclosed by z = /222 +2y2 and z =
—/2x? 4 2y2, if the density is §(z,y, 2) = 22 + y? + 2%, is at the origin.

Answer true or false: The center of gravity of the solid enclosed by 2 + 3% = 6 and y? + 22 =6 is
at the origin if 6(z,y, z) is constant.

Answer true or false: The center of gravity of the solid enclosed by 22 + y2 = 6 and y2 + 22 =6 is
at the origin if §(x,y,2) = 2% + 6.

4r  pl-sin?0 p4
Answer true or false: / / / sinfdpdpdf = 0.
o Jo 0



210 True/False and Multiple Choice Questions

1 27 5
13. / / / 6(r,8,2) dr df dz, where 6(r,0,z) = r, is
o Jo Jo

A 12« B. 257 C. 5 D. 5w

1 27 5
14. / / / 6(r,0,2)drdf dz, where 6(r,8,z) = rz, is
o Jo Jo

257

> 5T
A 5w B. - C. : o o
1 ,m pl12
15. /// 8(r,0,2) dr df dz, where 6(r,8,z) = 22, is
0 0 0
A. 6rm B. ﬁ o 3 .

2
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SECTION 16.8

., O(z,y) .

1.
Find B v)’ if
A. 6 B. -6 C. 8 D. -8

T=2u+2vand y =3u+v.

(7y) — 2 —_
2. Fin da(u,v) ifr=v’andy=u+w.

A 2u+1 B. 2u C. -2u D. -2u-1

3. Find the Jacobian if z = 2e* and y = e?.
A0 B. 2ew C. 2e%7v D. 2evt?

4. Find the Jacobian if u = e* and v = 2ye®.

Inv —wv Inv+v 1 1
. e D. ——
i B u C 2u? 2u?

A.

5. Find the Jacobian if z = 5u + w,y = vw, and z = u?v.

A, 5ulv — 2uw B. 5u’v+ 2uw? C. 10(v*v + uw?) D. -10(u?v + uw?)

6. Find the Jacobian if u =z, v = 2, and w =z + 2z.
x

A —2u B. —2uwvw C. 2u D. 2uvw
Oz,
7. Answer true or false: If z = uv, y = 2u + 5v, then ag’ig = Z ; .
Az, y) 2u 1
. — 2 0 — 3 Y _
8. Answer true or false: If z = u?, y = v3, then B~ | 1 32
9(z,y,2)
9. Answer true or false: If z = u+5v+ 2w, y = 7+ uv + 4v, z = €* + 2vw, then L =
Au,v,w)
1 5v 2
7 4 uf.

e* 2w 2

* 1 0
(z,y, ¢
10. Answer true or false: If x = €% + v, y = € + u, z = ¥ — u, then M =/ 1 € 0.
ou, v, w) 1 0 e

1,1 4 3
11. Answer true or false: If u = z + 2y and v = 3z + v, / / ST W3V oy dy = / / e*e’ dudv.
o Jo o Jo

8 10
= / / E dU du.
1 Js VU

?(z+y)?
13. Answer true or false: f u =z +y and v = 2z — y, % —y ~—> dydzx = - dv du.
1 )1

2
12. Answer true or false: If u = 4z + y and v = z%y, /
1



212 True/False and Multiple Choice Questions

14. Answer true or false: If = wvw, y = ¥, and z = sinu, the Jacobian is 0.

15. Answer true or false: If £ = 4uvw, y = u — v?w, and z = u, the Jacobian has no dependence on v,
nor on w.
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CHAPTER 16 TEST

1.

N

10.

11.

2 4

/ / drdy =
0 Jo

A 6

//2y2:ch;R={(x,y):05x§2,0§y§1}.
R

B. 8 C. 0 D. 20

4 8 1
A - .= . D. -
3 B 3 ¢ 0 3

Answer true or false: The volume of the solid bounded by z = 2°y? and R = {(z,y) : -1 <z <1,
1 2
-1<y<2} is/ / z9y? dy dz.
-1J-1

Answer true or false: The average value of the function f(z,y) = z"y> over the rectangle [0, 5] x [0, 3]

1 5 3 s
lSE/O /0 'y’ dydz.
7/2 psinz
/ / dydr =
0 0
A1

B. 0 C. -1 D.

Answer true or false: / / sinz dA, where R is the region bounded by y =z +4, y = z, and z = 12
R

28 p2z
is/ / sinz dy dzx.
12 Jz+4
5 z2
// ydydz =
o Jo
55
A

— . = . — = . —+25
10 B 5 C 10 % D 10+
0 cos @
/ / rsinfdrdf =
-n/2J0
1 1 L s
A —= .- . = . ==
6 B ¢ 2 D 2

6
1 V16—z? T pr4
Answer true or false: / / dzdy = / / rdrdo.
-1Jo o Jo

Find the volume of the solid right hemisphere if 72 + 22 = 1.

4 8w 2w 16w
A — .= .= . —

3 B 3 C 3 D 3
Find the area enclosed by one petal of the three-petaled rose r = 4sin 36.

s ™ T b
A- E B- E C. ﬁ D. §
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

True/False and Multiple Choice Summary Test

The surface expressed parametrically by £ = rcosf,y = rsinf,z = v/25 —r2 is
A. A sphere B. An ellipsoid C. A paraboloid D. A cone

The cylindrical paramentation of z = (22 + y?)e¥ is

A x=rcosh,y=rsind,z=c¢€" B. z=rsinf,y=rcosf,z=¢€"

C. z=rcosh,y=rsinf, z = e"sind D. z =rsinf,y =rcosb,z = e "¢

The equation of the tangent plane to x = u, y = v, z = u + v whereu =2 and v = 2 is

A z2-2+2(y—-2)+2-6=0 B. 2-2-2(y—2)-2z+6=0
C. £-242y—24+24+6=0 D. 2-2+2—-4—2+6=0

Answer true or false: To find the portion of the surface z = 3z2 — 4y? that lies above the rectangle

3 2
0<z<2,1<y<3, evaluate / / v/ 36x2 + 64y? + 1dz dy.
1 Jo

3 7 /2

/ / / sinzsinydrdydz =
1 Jxn/2J0

A =2

B. 2 C. 1 D. -1
6 ,pmw/2 pcosy
/ / / sinydrdydz =
2 Jo 0
A 2 B. 4 C. 0 D. 1
A lamina with density 6(x,y) = 4zy is bounded by =0, z =y, y = 0, y = 2. Find its mass.

A 2 B. 4 C. 1 D. 8

2
A lamina with density é(z,y) = % is bounded by £ =0, £ =y, y = 0, y = 2. Find its center of
mass.

8 16 8 8 16 16 16 16
v (33 B (%) c. (%3 o (% %)

The centroid of a rectangular solid in the first octant with vertices (0,0, 0), (0,2,2), and (2,0,0) is

111 2 2 2
A. S (s ) D. {5, 2, =
©0,1,2) B (333 O @uy (533
2n  pw/2 P2
/ / /p2c0s¢dpd¢de=
0 0 0
A. 16_7r B. —@- C. 4xn8 D. —4nd
3 3
n/2 p2m 8
/ / /sin¢dpd0d¢=
0 0 4
A 4rn B. 8« C. 0 D. 2n

Find the center of gravity of the sphere 222 + 2y? + 222 = 5 where 6(z,y, z) = 622y222.
A, (3,3,3) B. (6,6,6) C. (1,1,1) D. (0,0,0)
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24.

25.

26.

27.

28.

29.

Answer true or false: The center of gravity of the solid enclosed by 3z2+3y? = 2 and 3y%+32%2 = 2
is at the origin if §(z,y,2) =z + 2.

21 pl—cos®@
Answer true or false: / / / sinfdpdpdf = 0.
0 0

. 0(x,y) .
Find

in a(u,v)’lf
A, 11 B. 11 C. -21 D. 21

z=3u+2vand y=Tu+v.

Find the Jacobian if u = 2zy and v = 2z.

2u 2u 1 2u 1 1
A -— . m— - L —— = D. —
v2 B 2 C v2 * 2v 2v
Find the Jacobian if z = 4u 4+ w, y = vw, and z = v?v + 3
A 4uv — 2uvw B. 4u?v + 2uw? C. 8(v?v + uw?) D. —8(u%v + uw?)

Answer true or false: / / <Zx+ y) drdy = / / -—— dv du.
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1.C 2A 3T 4T 5T 6C 7.D 8F 9.F 10.T 11.F 12F 13.F 14.T 15T

SECTION 16.5
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SECTION 16.6
1B 2B 3.C 4B 5B 6.C 7.C 8C 9.B 10.T 11.F 12.A 13.C 14.A 15.A

SECTION 16.7
1.B 2A 3F 4A 5C 6B 7A 8D 9T 10T 11.T 12T 13.B 14.B 15 A

SECTION 16.8
1B 2B 3D 4C 5A 6C 7T 8F 9F 10T 11.T 122F 13.F 14.T 15F

CHAPTER 16 TEST

LB 22A 3T 4T 5A 6F 7A 8A 9T 10.C 11.D 12.A 13.C 14.B 15T
16.A 17.A 18.C 19.D 20.C 21.A 22.B 23.D 24.F 25.T 26.A 27.D 28.A 29.F
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CHAPTER 17
Topics in Vector Calculus

SECTION 17.1

10.

11.

12.

13.

14.

15.

Answer true or false: ¢(z,y) = z3y is the potential function for F(z,y) = 3z%i +j.
Answer true or false: ¢(z,y) = cosz +siny is the potential function for F(z,y) = — sin zi — cos yj.

F(z,y,2) = 2% + 7j + zzk. Find divF.
A 32?4z B. 3z%i+zk C. 323 D. 322 -2z

F(z,y,z) = 223 + 9j + zzk. Find curlF.
A zj B. —zj C. z D. -z

F(z,y, 2) = zyzi + 2yj + zk. Find divF.
A yz+2 B. yz—-1 C. zy—-2-2zz D. zy—2+zz

F(z,y, z) = zyzi + yj + zk. Find curlF.
A zzi B. zzi-zj C. zyj—zzk D. zyj+zzk

F(z,y,2) = €%i + /22 + y2 j + ye**k. Find divF.

A. ez + j—— B‘ ex + L
Vz2+y? /22 1 y2

2
C. €& +ye* + =L D. €% +ye*® +

vz +y?
F(z,y, z) = €*i + /22 + y%j + €“k. Find curlF.

2y Y

A efid— B. efit —2j
\/m2+y2'] V2 +y?
2
C. €®i+ej+—mm—k D. €%i—e%j+ ——k

Answer true or false: V2¢> = 6zy? + 223, if ¢ = z3y% + 32.

Answer true or false: V¢ = cosz — sin(zy), if ¢ = sinz — cos(zy).
Answer true or false: V2¢ = 2e%* 4+ 2zye?®V, if ¢ = 27V,

Answer true or false: V2¢ = 4(zy + yz + £2)%e7VZ, if ¢ = €27,
Answer true or false: V¢ =0, if ¢ = 9z + y+ 3z.

Answer true or false: V2¢ = 6z + 2, if ¢ = 23 + y2 + 2.

Answer true or false: V2¢ = —cosz — cosy — cos 2, if ¢ = cosx + cosy + cos z.
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218 True/False and Multiple Choice Questions

SECTION 17.2

1. /(1+xy2)ds, wherezx =tand y=3t, (0 <t <1),is
c

A. 3.25 B. 65 C. 13 D. 2

2. /(1 +zy%) dy, where z =t and y = 3¢, (0 <t < 1), is
c

A. 65 B. 3.75 C. 9.75 D. 3.25

w

/(1 +zy2) dr, where z =tand y =3¢, (0<t<1),is
c

A. 6.75 B. 3.75 C. 9.75 D. 3.25

4. /my—i-zds, where z =2t, y=t,and 2 = -2¢, (0<t < 1),is
c

5
A _V5 B. V5 C. 0 D. V5
3 3
5. /xy+zdy,wherex=——t,y=2t,andz=2t,(OStSI),is
c
2 2
.- . .= D. —=
A 1 B. 1 C 3 3
6. /xy+zdz,wherex=2t,y=t,andz:—2t,(OStgl),is
c
2 2
A -1 B. 1 C. 3 D. -3
7. / 5z%y dz + 3z%y dy along the curve z = y2 from (0,0) to (1,1) is
c
A 2 B. 7 C. -2 D. -7
8. /zyds,a::sint,y:cost, (0<t<m),is
c
A 0 B. 1 C. 2 D. 4

3
9. Answer true or false: If £ = 5t,y =t¢, (0 <t < 3), / zyds = / 5t2 dt.
c 0

27
10. Answer true or false: If z = cost, y =sint, (0 <t < 27), / z? —yds = / cos?t —sint dt.
c 0

11. Answer true or false: If z = cost, y = —sint, z = 8t, (0 < t < 27),
2m
/ Ty —z2ds = 3/ —sintcost — 8t dt.
C 0

1
12. Answer true or false: If z = ¢, y = ¢*, z = 3¢?, (0 <t < 27), / —rz—y—zds= —/ 5V 11et dt.
~Je 0
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13.

14.

15.

Find the work done by F(z,y) = zi + zyj along the curve z = y? from (0,0) to (1,1) is
A 0.75 B. 1.50 C. 1 D. 2

Answer true or false: The work done by F(z,y) = zi + ye®j along the curve y = 2% from (-1, —1)
to (0,0) is the same as the work moving the same particle along the same curve from (0,0) to

1,1).

Answer true or false: The work done by F(z,y) = z2sin yi + e%j along the curve y = 22 from (0, 0)
to (1,1) is the same as the work moving the same particle along the same curve from (~1, —1) to
(0,0).



220 True/False and Multiple Choice Questions

SECTION 17.3

1. Answer true or false: F(z,y) = 8zi + 9yj is a conservative vector field.

2. Answer true or false: F(z,y) = z%yi + x2yj is a conservative vector field.
x4

3. Answer true or false: F(z,y) = z%yi + Ij is a conservative vector field.

4. Answer true or false: F(z,y) = coszi + cosyj is a conservative vector field.

5. Answer true or false: F(z,y) = cosyi + coszj is a conservative vector field.

(8,1
6. / 3zdr +2ydy =
(

0,1)
39 27
A 12 .= .= D. 0
B 5 C 5
(2,3) z3
7. / rlydz + —dy =
(1,1) 3
: 9 46 7
. .= .= D. -
A0 B 5 C 3 3
(2,5)
8. / 3z?ydr + 220 dy =
(1,2)
A 72 B. 36 C. 80 D. 40
(2n,27)
9./ sinzdr +sinydy =
(0,0)
A 4 B. 2 C. —4 D. 0
(m,m)
10./ 2sinzdx —sinydy =
(0,0)
A 4 B. 2 C. —4 D. 0

11. Answer true or false: If F(z,y) = 7yi + 7xj, then ¢ = 5.

2293 23y?
12. For F(z,y) = 5 i+ > j the work done by the force field on a particle moving along an
arbitrary smooth curve from P(1,1) to Q(0,0) is
1 1
A - . . == D. -1
5 B. 1 C 3
222y, 223, ' . . .
13. For F(z,y) = 5 i+ R j the work done by the force field on a particle moving along an arbitrary
smooth curve from P(0,0) to Q(1,2) is
5 5 1 1
.= . == .= D. —-
A B -5 C 3 3
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14. For F(z,y) = i+j the work done by the force field on a particle moving along an arbitrary smooth
curve from P(0,0) to Q(8,5) is

A5 B. 8 C. 13 D. 0

15. For F(z,y) = z%i — yj the work done by the force field on a particle moving along an arbitrary
smooth curve from P(0,0) to Q(3,2) is
A 11 B. 7 C. -11 D. -7
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True/False and Multiple Choice Questions

SECTION 17.4

®

<o

10.

11.

Exaluate }{ S5zydzx + Txy dy, where C is the rectangle z =0,z =2,y =0, y = 3.
c

43 45 47 51
A. 5 B. % C. 5 D. To1
2?2 42
The area enclosed in the ellipse T + 5= lis
A. 36 B. 36nw C. 6 D. 6
_m2 2
The area enclosed in the ellipse (z 257) + € ;1) =1
A. 225 B. 2257 C. 15 D. 15«

The work done by the field F(z,y) = 2y%i + 2(z3 — y)j on a particle that travels once around a
unit circle z2 + y% = 1 in a counterclockwise direction is
3r T

1 B. 3r C. 1 D. =

The work done by the field F(z,y) = (25 + y®)i + (2 + cosy)j on a particle that travels once
around a unit circle z2 + y% = 1 in a counterclockwise direction is

A.

3 3r ks
. — .= .- D.
A 1 B 5 C 7 T
The work done by the field F(z,y) = y%i + (2% — e¥)j on a particle that travels once around a unit

circle z2 + y2 = 4 in a counterclockwise direction is

3T T

— C. - D.

2 1 i

The work done by the field F(z,y) = (e + )i + (3 + cosy)j on a particle that travels once
around a unit circle z2 + y% = 4 in a counterclockwise direction is

A. 2r B.

3T T
7 C. Z D =

A 24n B.
f (sinz + y)dz + (cosy + x) dy, where Cis z2 + y* =9, is
c

A. 67 B. 9 C. 18w D. 0

]{ (e7® +2y)dz + (3y° + 2z) dy, where C is 2% + 32 =1, is
C

A = B. 2« C. 4r D. 0

2

2
‘7{ (€” + 2y) dx + (e¥ + 22) dy, where C is %— + %— =1,is
c

A. 6m B. 6 C. 127 D. 12

]{ (€” + 2y) dx + (siny + 2z) dy, where C is 422 + 9y* = 36, is
c

A 6n B. 6 C. 12n D. 12
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12. Use a line integral to find the area of the triangle with vertices (0,0), (0,5), and (a, b).

A.l B. ab C ﬂ)

. D. 2ab
2 2 @

13. Answer true or false: f (2¢¥ + z)dz + (z° + y)dy; C =22 +y% =1, is 2m.
c

14. Answer true or false: 7{ coszdz +sinydy; C =22 +y2=1,is 7.
c

15. Answer true or false: ]{ cosydr +sinzdy; C =2 +y2 =1, is 27.
c



224 True/False and Multiple Choice Questions

SECTION 17.5
1. Evaluate / / zz dS, where o is the part of the plane 2z + y + 2 = 1 in the first octant.
-4

L V3 5v6

— .o . — D. 3
24 B 12 C 16 V3

2. Answer true or false: / / zz dS, where o is the part of the plane z + 3y + z = 1 in the first octant

1 p1/3-z ’
is / / (x — 2° — zy) dy dz.
o Jo

3. Find the surface area of the cone z = 21/z2 + y?2 that lies below the plane z = 4.
A. 167 B. 167v2 C. 8r D. 8r/2

(22 & 2
4. Find the surface area of the cone z = z ; Y~ that lies between the planes z = 3 and z = 4.
A Trn B. 7nv?2 C. 8m D. 87v2

5. Find the surface of (z —1)2 + (y + 1)2 + (2 — 2)? = 4 that lies below z = 2.
A 8w B. 1l6rx C. 32r D. 64r

6. Find the surface of (z — 7)2 + (y + 1)? + (2 — 2)? = 4 that lies below z = 4.
A. 8n B. 32rn C. 1lér D. 64nr

7. Answer true or false: If o is the part of £ + y + z = 3 that lies in the first octant / / zzdS =
-2
1 1-z
\/5/ / (1-y—2)zdyd-z.
0o Jo

8. Answer true or false: If o is the part of cos z+siny+2z = 0 that lies in the first octant / / z%2dS =
o

\/5//:1:2(—cos:c —siny) dy dz.
R

9. Answer true or false: If o is the part of x +y — 2z = 5 that lies in the first octant / / zcosydS =

\@//cosy(5—y+2z)dA. ’
R

10. Answer true or false: If o is the part of £ + 3y + z = 2 that lies in the first octant / / ze¥dS =
o

\/ﬁ//ey(2—z—3y)dA.
R
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11. Answer true or false: If o is the part of z = x2 + 2y2 + 4 that lies in the first octant / / y22%2dS =

// z* + 2y%\/422 + 16y2 dA.
R

o

12. Answer true or false: If o is the part of  +y 4+ z = 6 that lies in the first octant / / e e dS =
\/g// e—xel2—2y-—2m dA.
R
13. Answer true or false: If o is the part of z + y + z = 6 that lies in the first octant / / e e¥dS =
o
V3 / / eVe ety ga.
R

14. Answer true or false: If o is the part of 2z + 2y + z = 5 that lies in the first octant / / 2zlydS =

\/5// z?y(5 — 2z — 2y) dA.
R

o4

g

15. Answer true or false: If o is the part of 2z + 2y + z = 5 that lies in the first octant / / 222 dS =
o

\/64/ 2z? (5—_22Lz-> dA.



226

True/False and Multiple Choice Questions

SECTION 17.6

10.

11.

Find the flux of the vector field F(z,y,z) = 3zk across the sphere z2 + 3% + 22 = 9 oriented
outward.

A 27 B. 367 C. 0 D. 108w

Find the flux of the vector field F(z,y,z) = 5zk across the sphere 2 + y% + 22 = 4 oriented
outward.

1607 5007 4r
A. 3 B. = C. 0 D. 3

Answer true or false: If o is the portion of the surface z = 4 — 22 — y2 that lies below the zy-plane,
and o is oriented up, the magnitude of the flux of the vector field F(z,y, z) = i + yj + zk across

2 pl
0is<I>=/ /(x2+y2+4)dA.
o Jo

Answer true or false: If o is the portion of the surface z = 1 — 22 — y? that lies above the zy-
plane, and o is oriented up, the flux of the vector field F(x,y,z) = 3zi + y%j + zk across o is

<I>=//(x4+y3—z2+1)dA.
R

Let F(z,y, z) = 5yi. The flux outward between the planes z = 0 and z = 2 is
25
2

Answer true or false: Let F(z,y, 2z) = zi+ yj + 5k. The flux outward through the surface 2% + y2 +
2n e
22=1is / / (sin® ¢ cos @sin 8 + 5sin ¢ cos ¢) dop d.
o Jo

A0 B. C. 25 D. 5

Let F(z,y,2) = zi + yj + zk and o be the portion of the surface z = 5 — 22 — y? that lies below
the xy-plane. Find the magnitude of the flux of the vector field across o.

327 5T 157
El B3 =
Answer true or false: If F(z,y, z) = yi + zk, the flux through the portion of the surface o that lies
above the zy-plane, where o is defined by z = 6 — 22 — 32, is / / (z? +y% + 6)dA.

R

A D. 0

Answer true or false: If F(z,y, 2z) = yi + zk, the flux through the portion of the surface o that lies
above the zy-plane, where ¢ is defined by z = 322 + 3y% + 1, is / / (3z% 4 3y + 2) dA.
R

If F(z,y, z) = 2yj + 22k, the magnitude of the flux through the portion of the surface o that lies
in front of the xz-plane, where ¢ is defined by y = 1 — 22 — 22, is

57 157
2 B =
If F(z,y, z) = 2yj + 22k, the magnitude of the flux through the portion of the surface o that lies
right of the yz-plane, where ¢ is defined by z =1 — y? — 22, is

5T 157
2 B 5

A. C. 27 D. 0

A. C. 27 D. 0
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—-i—-2yj+k
Viyz+2
—2xi—2zj+k
VAzZ ¥ 422 %1
—6xi+j— 62k
V3622 + 3622 +1

12. Answer true or false: The surface z = ~x3 — y2 + 5 has a normal vector n =

13. Answer true or false: The surface y = —2z2 — 222 + 12 has a normal vector n =

14. Answer true or false: The surface y = —2z2 — 223 + 7 has a normal vector n =

—2i—4j+k
N

15. Answer true or false: The surface z = 2 + 4y has a normal vector n =



228 True/False and Multiple Choice Questions

SECTION 17.7

1. Find the outward flux of the vector field F(z,y, z) = 10zi across the sphere 22 + y? + 22 = 4.

32 160
O B. 2,560m C. o D. T

A
3 3 3

2. Find the outward flux of the vector field F(z,y,z) = :Z—i across the sphere 22 + y? + 22 = 4.

16w 1287 8w
A — . — . . =
3 B 3 C. 0 D 3
3. Find the outward flux of the vector field F(x,y, z) = 3yj across the sphere 22 + y% + 22 = 4.
32
A. T’T B. 32r C. @ D. 2567

Txi+ Tyj + 7zk

4. Let F(x,y,z) = (xz +y2+22)3/2

and let o be a closed, orientable surface that surrounds the

origin. Then ® =
A Tr B. 28w C. 100« D. l4r

27xi + 2Tyj + 272k

(922 + 9y2 + 922)3/2
origin. Then & =

5. Let F(z,y,2) =

and let o be a closed, orientable surface that surrounds the

A. 4rn B. 8« C. 2« D. 16rn

23 2; 2
6. Answer true or false: Let F(z,y,z) = i? ;:23{1\_]‘_4_42)23/12{
i+ yt+z

that surrounds the origin. Then & = 2.

and let o be a closed, orientable surface

7. Find the outward flux of F(z,y, z) = 2zi + (y + 3)j + 622k across the unit cube in the first octant
that has a vertex at the origin.

A1l B. 0 C. 5 D. 8

8. Find the outward flux of F(z,y, z) = zi + yj + (z — 2)k across the rectangle with vertices (0,0, 0),
(0,0,1), (0,1,0), (0,1,1), (3,0,0), (3,1,0), (3,0,1), and (3,1,1).
A3 B. 9 C. 0 D. 1

9. Find the outward flux of F(z,y,2) = (z — 1)i + (y — 3)j + 2k across the rectangle with vertices
(0,0,0), (0,0,1), (0,1,0), (0,1,1), (4,0,0), (4,1,0), (4,0,1), and (4,1, 1).
A3 B. 12 C. 0 D. 1

10. Find the outward flux of F(z,y, z) = 2% + 3yj + 2zk across the rectangle with vertices (0,0,0),
(0,0,1), (0,1,0), (0,1,1), (2,0,0), (2,1,0), (2,0,1), and (2,1,1).

A. 10 B. 20 C. 30 D 7
2, 3, 21
11. Answer true or false: The outward flux of the vector field F(z,y,2) = ?i + ?j + k across
the surface of the region that is enclosed by the hemisphere z = —/16 — 22 — y2 and the plane
2w

=0is —.
z 1S 5
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12. Answer true or false: The outward flux of the vector field F(z,vy,z) = z2%i + 2yj + zk across the
cube bounded by the axes and the planes x = 2, y = 4, and z = 2 is 120.

13. Answer true or false: The outward flux of the vector field F(z,y, z) = z2i + y%j + 222k across the
cube bounded by the axes and the planes £ = 2, y = 3, and z = 4 is 100.

14. Answer true or false: The outward flux of the vector field F(z,y, z) = (222 +5)i+ (y? +3)yj+ 427k
across the cube bounded by the axes and the planes x =2, y = 3, and z = 4 is 178.

15. Answer true or false: The outward flux of the vector field F(z,y, z) = 2% + 3yj + 22k across the
cube bounded by the axes and the planes z = 2, y = 3, and z = 4 is 192.



230 True/False and Muitiple Choice Questions

SECTION 17.8

1. Answer true or false: If o is the surface z = —~z2 — 32 + 4 and F(z,y,2) = 6zi + 8yj + 2zk, then

// curl F) - ndS = // 12z + 16y + 2) dA.

2. Answer true or false: If o is the surface z = —z% — y? + 4 and F(z,y,z) = 10zi + yj + 2%k, then

// (curlF) - ndS = //(20z+2y+2z) dA.

3. Answer true or false: If o is the surface z = —z?~y%+4 and F(z, y, z) = (97 +2y)i+ (3z+3y)j+zk,

then //(curlF) -ndS = //(121 + 8y + z) dA.
o R

4. Answer true or false: If o is the surface z = —z% — y%2 + 4 and F(z,y, z) = sinzi + cosyj + 3zk,

then // (curlF) - ndS =0.

5. Answer true or false: If o is the surface z = —3z% — 3y% + 4 and F(z,y, z) = zyzi + z2j + z?yzk,
then // (curlF) - ndS = / ((6z%(zz — 1) + 6y%(z — 222) + z(1 — z)) dA.

6. Answer true or false: The amount of work needed to move a particle around the rectangle
(0 0, 0), O 4,3), (1 4,3), (1,0,0), and back to (0,0,0) by F(z,y,z) = zyzi + yzj + zyk is

/ / y+xy —z —ydydz.

7. The work done by F(z,y, z) = 231 + €¥j + zk to move a particle completely around the rectangle
(0,0,0), (0,0,2), (1,0,2), and (1,0,0) is 0.

8. The work done by F(z,y, z) = z%i + yj + e’k to move a particle completely around the quadrangle
(0,0,0), (0,1,3), (2,1,3), and (2,0,0) is 0.

9. Answer true or false: If F(z,y, 2) = i+ 2yj + 2%k and ¢ is a surface such that z = —222 — 2y% + 4,
where z > 0, //(curlF) -ndS = //(—4xi — 18yj + 2zk) dA.
o R

10. Answer true or false: If F(z,y,2) = yi + zj + zk and o is a surface such that z = —e® — e¥ + 2,
where 2z > 0, //(curlF) ‘ndS = //(—e’ +e¥ +1)dA.
o R

2,2
11. Answer true or false: If F(z,y, z) = 2yi+22zj+ 2zk and o is a surface such that z = —%— ~Ly 1,

2
where z > 0, //(curlF) -ndS = //(—2z+2y+2)dA.
4 R
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12. Answer true or false: If F(z,y, z) = 2yi + 2zj + 2zk and o is a surface such that z = 2z + 3y + 4,
where z > 0, //(curlF) ‘ndS = //(4x+6y+2z)dA.
4 R

13. Answer true or false: F(z,y, z) = sinzi+cosyj+z2zk. The work needed to move a particle around
a triangle (0,0,0), (0,2, 3), (0,0, 3) is 0.

14. Answer true or false: F(z,y,z) = coszi+ e¥j + e’k. The work needed to move a particle around
a triangle (0,0, 0), (0,2, 3), (0,0,3) is 0.

15. Answer true or false: F(z,y,z) = cosyi + e?j + z%k. The work needed to move a particle around
a triangle (0,0, 0), (0,2,3), (0,0,3) is 0.



232 True/False and Multiple Choice Summary Test

CHAPTER 17 TEST

1. Answer true or false: ¢(x,y) = zeV is the potential function for F(z,y) = ye¥i + €¥j.

2. F(z,y,2) = 32i + yj + zyzk. Find divF.
A l+ay B. 1—zy C. 3zz+1-yz D. 3zz+1-yz

3. F(z,y,2)=2% + 9j + zzk. Find curlF.

A j+azyk B. j—2zj C. zzi~zj D. zzi— (1 —y2)j

4. Answer true or false: V2¢, if ¢ = 24y + z, is 1222y + 423 + 1.

2

-1

5. /(i?g—)ds,wherezzmandy:t, (0<t<1),is
c

A 35 B. 1.75 C. 7 D. 1

6. / 6zy? dz + 20xy? dy along the curve z = y? from (0, 0) to (1, 1) is
c

A 6 B. 21 C. -6 D. -2

27
7. Answer true or false: If z = sint, y = cost, (0 <t < 2r), / (z—2y)ds = / sint — cost dt.
c 0

8. Answer true or false: The work done by F(z,y) = zi + ye®j along the curve y = 2% from (0,0) to
(1,1) is the same as the work done moving the same particle along the same curve from (4,1) to
(9,3).

9. Answer true or false: F(z,y) = 12zi + 8yj is a conservative vector field.

10. Answer true or false: F(z,y) = y%i + 3y2zj is a conservative vector field.

(1,9)
11. / 6xdx +2ydy =
(0,1)

A 12 B. 18 C. 28 D. 11

12. For F(z,y) = 3zi + 2yj the work done by the force field on a particle moving along an arbitrary
smooth curve from P(0,0) to Q(1,2) is

7 7
.7 .= .- . —=
A B 3 C 7 D 5
22 y?
13. The area enclosed in the ellipse ) + % = lis
A. 225 B. 2257 C. 15 D. 15«

14. The work done on a particle by the field F(z,y) = (2sinz + y3)i — (23 + cosye¥)j on a particle
that travels once around a unit circle 22 + y? = 1 in a counterclockwise direction is

EE B.B—F C.E D =

A
4 2 4
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15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

f (€% + 2y) dx + (™Y + 2z) dy, where C is 922 + 4y? = 36, is
c

A« B. 12n C. 4r D. 0

Evaluate / / yz dS where o is the part of the plane z + y + % = 1 in the first octant.
ag

3 V3 V3 3
A.g B.? C.E D.E

Answer true or false: If o is the part of z + y + z = 8 that lies in the first octant, / / rydS =
a

ﬁ/ol/ol_zx(l—x—z)dzdz.

Find the flux of the vector field F(z, y, z) = 4yj across the sphere 2%+ 32+ 22 = 9 oriented outward.

Lor B, 8n

A. .
3 3

C. 0 D. 1447

Answer true or false: If o is the portion of the surface z = 8 — 22 — y? that lies above the
zy-plane, and o is oriented up, the flux of the vector field F(z,y,z) = i + yj + 2k across o is

2 8
¢=/ /(x2+y2+8)dA.
0 0

2i+4j+k
Answer true or false: The surface z = 2z + 4y has a normal vector n = -L-+—‘H-_——
. V21
Find the outward flux of the vector field F(z,y, z) = zi across the sphere z2? + y? + 22 = 4.
327 2567 167
A — . — . .=
3 B 3 C. 0 D 3

4zi + 4yj + 4zk

(1622 + 16y2 + 1622)3/2
that surrounds the origin. Then ® = 47.

Answer true or false: Let F(z,y,2) = and o be a closed orientable surface

Find the outward flux of F(z,y,2) = (z — 1)i + (y — 7)j + zk across the rectangle with vertices
(2,3,0), (2,3,1), (2,4,0), (2,4,1), (4,3,0), (4,4,0), (4,3,1), and (4,4, 1).

A 3 ~ B. 4 C. 6 D. 8

Answer true or false: If o is the surface z = —z2 — y% + 4, and F(z,y,2z) = 87i + yj + 32k, then

[/(curlF) -ndS = 4/(24:1:+2y+3)dA.
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CHAPTER 1
Functions

SECTION 1.1

1.1.1

1.1.2

1.1.3

1.1.4

1.1.5

1.1.6

1.1.7

1.1.8

1.1.9

1.1.10

If y = 22 + z — 30, the values for which y = 0 are

If y = 22 + 7z — 8, for what values of z is y > 07

If y = 22 + 5z — 9, for what values of z is y > 57

If y = 52% — 5, for what values of z is y > 07

If y = 62° — 32 — 2z + 1, for what values of z is y > 07

If y = 42® + 2% — 4z + 1, for what values of z is y > 07

Use the equation y = 1 + +/z. For what values of z is y = 37

A ship is sailing at a speed that varies according to the power supplied by the engines. If the speed
of the ship is plotted against time on a graph, will the curve be continuous (unbroken)?

If 200 feet of fencing is used to enclose a rectangular plot, what dimensions should the plot have if
the area enclosed is to be maximized?

A steel beam is subjected to heat. As it heats it expands. Is the graph of the length of the steel
beam over time continuous if the temperature changes during the time period graphed?



SOLUTIONS

SECTION 1.1

1.1.1 0=2z%+2-30
0= (z —5)(z+6)

z—5=0 r+6=0
z=25 r=—6

1.1.2 22+ 72 -8<0
(z+8){z—1)<0
S =(-8,1)

Choose —9, 0, and 2 as test points within the intervals (—oo, —8), (—8,1), and (1, +-c0) respectively.

Interval  Test Point Sign of (z + 8)(z — 1)
at the Test Point

(~c0,—8) =9 (=)(=)=+
(-8,1) 0 (+)(=)=-
(1, +00) 2 (Y +)=+

+ + +
® > (x+8)(x-1)
2

+
+
+
+o

'

,

.

'

'

'

'
~o

S=(-8,1)

1.1.3 z*4+5x—-14>0
(z+T)(x-2)>0

Choose —8, 0, and 3 as test points within the intervals (—oo, —7),(—7,2), and (2, +-00) respectively.

Interval  Test Point Sign of (z + 7)(z — 2)
at the Test Point

(~o0-T) -8 (=)(=)=+
(=7,2) 0 (+)(-)=-
(2,400) 3 (+)(+)=+

+ ++0- - - - - - -0+ + +

—— o——o > (x+7)(x-2)

-8 -7 0 23
O >

-7 2

S=(“°°,—7)U(2,+°°)
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1.1.4 522 —5>0
(z+1)(z—-1)>0

Choose —2, 0, and 2 as test points within the intervals (—oo, —1), (=1,1), and (1, +00) respectively.

Interval ~ Test Point Sign of (z + 1)(z — 1)
at the Test Point

(<o0,-1) -2 (=)(=)=+
(-1,1) 0 (H) (=)=~
(1,+00) 2 (H)(+)=+
+ +++0- - - - - 0+ + +
—e } ® } > (x+1)(x-1)
-2 -1 0 1 2
D Sues—
-1 1

S = (—oo,~1] U [1,+0)

1.1.5 62° —322 —22+1>0
3z2(2z —1) - (22-1)>0
(V3z—1)(2z - 1)(vV3z+1)>0

1 11 1 1
Choose —1,0,0.55, and 1 as test points within the interval | —co,——%= }, | ——=,5 )| 5= )
P ( ﬁ) ( V3 z) (z «5)

1 .
and | —=, +o0 ) respectively

7

Interval Test Point  Sign of (2z — 1)(v3z — 1)(v3x + 1)
at the Test Point

1
( oo,_jg) 1 (=)(=)(-)=-
1 1
(_75,5) (=)(=)(+) =+
G%) 0.55 (H)(=)(+)=-
(—%,m) 1 (+)(+)(+) =+
- - -0 ++++0--04++ +
—— —t ot o> (fBx- D(2x- D(3x+1)
4 1 o0 1 551 1
" 2 3
o o o >
1 1 1
" 2 ¥
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1.1.6 42 +2* -4 -1<0
4z +1) - (4z+1)<0
(z+1Ddz+1){z—-1)<0

Choose —2,—1/3,0, and 2 as test points within the intervals (—oo, —1)(—1,—-1/4),(—1/4,1), and
(1, 400) respectively.

Interval ~ Test Point Sign of (z + 1)(4x + 1)(z — 1)
at the Test Point

(—o0,-1) -2 (=)=)-)=-
-L-1/4)  -1/3 (H)(=)=)=+
(-1/4,1) 0 (H)(+H) (=)=~
(1,+00) 2 (H)(H)(+)=+
- - -0+++0---04+++
———t—o—| o—t——e—> (x+1)(dx+1)(x-1)
2 a1 1 01 2
3 4

L e, e
-1 1

-
S = (coo—lU[—,1]
= oo, — U_4,

1.1.7 3=1++x

2=z

4=z

check: 3=1++4
=142
=3

1.1.8 Yes, because even if the power suddenly changes the ship will smoothly adjuts its speed.

1.1.9 A=LW
P=200 feet =2L+2W
100 feet= L + W
Let L=50+z, then W =50 -z
50+ z)(50 —z)=LW = A
2,500 —22= A
This is a parabola that opens downward with a vertex at (0,0), so = 0 maximizes A.

50 ft by 50 ft enclose a maximum area.

1.1.10 It is a continuous curve since the beam responds to temperature slowly.



Questions, Section 1.2

SECTION 1.2

1.2.1 If h(z) = 32% — 2, find

85

(a) R(0) (b) h(2a) (c) h(a—4).
1.2.2 Ifg(x) = xT—i-l’ find
(a) 9(1) (b) 9(0) (c) 9(-1) (d) g(z-1).
1.2.3 If f(8) = 2sinf + cos 29, find
(a) f(0) (b) £(r/6) (¢) f(=m/3)
1.2.4 If ¢(z) = 2sin 2z cos 3z, find
(a) ¢(r/6) (b) ¢(—m/4) (©) ¢(x/2).
1.2.5 Given that
-1, <0
s(z) = 0, z=0
1, >0
find s(—1), s(5), s(0).
1.2.6 Given that
1, -1<z<2
plz)y=¢ 44—z, 2<x<9
z? - 4, >9
find
(a) ¢(0) (b) ¢(2) (c) ¢(4)
1.2.7 Express f(z) = |z + 4| — 6 in piecewise form without using absolute values.
1.2.8 Express g(y) = 2 — |5y — 10| in piecewise form without using absolute values.
1.2.9 Express h(z) = |z — 2| + |z — 5| in piecewise form without using absolute values.
1.2.10 Find the natural domain and range for f(z) = v3z + 4.
1.2.11 Find the natural domain and range for f(z) = 22 — 5.
3z 42
1.2.12 Find the natural domain for f(z) = \/_x—l-—_i
1.2.13 Find the natural domain for f(z) = nd i_ 51)
1.2.14 Find the natural domain and range for g(z) = 2’; i 2
1.2.15 Find the natural domain for h(z) = V4 -3z — 22,
1.2.16 Find the natural domain for f(z) = i

x+2



SOLUTIONS

SECTION 1.2

1.2.1 (a) -2 (b) 124% -2
(c) 3(a—4)? -2 =23a" —24a + 46.
1.2.2 (a) 2 (b) not defined (c) 0 (@) - d -
1.2.3 (a) 1 (b) 3/2 (c) —v3-1/2.
1.2.4 (a) 0 (b) V2 (c) O.
1.2.5 (a) -1 (b) 1 (c) 0.
1.2.6 (a) 1 (b) not defined (c) 0.
r—2, x>-4 —5Sy+12, y>2
1.2.7 f(z)= 1.2.8 g¢g(y) = :
—x—10, z<— 5y —8, y<2
2r+7, <2
1.2.9 f(z)= 3, 2<z<5
20 —7, 25
1.2.10 3z +4 > 0if £ > —4/3, so the domain is [-4/3, +00) and the range is [0, +00).
2z —
1.2.11 3242 # 0 so the domain is (—o0, —2/3) U(—2/3,+00). To get the range, let y = 3i T and solve
for x, thus, x = > -I_- 2y so the range is (—00,2/3) U (2/3,+00).
1.2.12 z >0 and vz — 1 # 0 so the domain is [0,1) U (1, +0o0).
z+5 . o
1.2.13 1 >0and z —1#£0ifz < —5o0r z> 1 so the domain is (—o0, —5] U (1, 4+00).
: - 3z+5
1.2.14 2z + 3 # 0 so the domain is (—oo, —3/2) U (—3/2, +00). To get the range, let y = 5213 and solve
for z, thus, x = g __313 so the range is (—00,3/2) U (3/2, +00).
1.2.15 4—3z —2? > 0if —4 <z <1 so the domain is [-4,1].
1.2.16 —— >0andz # —2if x < —2 or £ > 0 so the domain is (—o0,—2) U [0, +00).

z+2
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SECTION 1.3

1.3.1

1.3.2

1.3.3

1.3.4

1.3.5

1.3.6

1.3.7

1.3.8

1.3.9

1.3.10

1.3.11

Use a graphing utility to determine the number of localized maxima of f () =z + z? -5z + 3
that are observable in a window set with —10 <z < 10 and —10 < y < 10.

Use a graphing utility to determine the number of localized maxima of f () =2 — 23 4 2z that
are observable in a window set with —10 <z <10 and —10 < y < 10.

Using a graphing utility, determine how many times the graph of f (z) = z? — 323 — z + 2 crosses
the z-axis if —10 <z < 10.

V81 — z°.

Using a graphing utility, determine the natural domain of f(z) =
Using a graphing utility, determine the natural domain of f(z) = V144 — z2.

If the width of the window is twice its height for a certain graphing utility, what would make the
graphs displayed on it not appear distorted?

Using a graphing utility, at how many a-coordinates would a graph of y = x(Tx‘lh)‘ have a false

line segment?

1
Using a graphing utility, at how many z-coordinates would a graph of y = — 7 have a false line
T

segment?

What should the settings be on a graphing utility to show a 20 by 20 window centered at the origin
with marks every 5 units on each axis?

If xScl is set at 4, how many equal segments would an z-axis be divided into if xMax = —20 and
xMin = 207
A student believes a graph crosses the y-axis between 5 and 20. What settings would minimize the

y range and still guarantee the window would show the y-intercept if the student’s assumption is
correct?



SOLUTIONS

SECTION 1.3

1.3.1 1
1.3.2 0
1.3.3 2
1.34 -9<zx<9
1.35 —-12<z<12
1.3.6 Set the y range at half the z range.
1.3.7 1
1.3.8 1
1.3.9 xMin= -10
xMax =10
xScl=5
yMin = —10
yMax = 10
yScl=5

1.3.10 The range of z values is 40, separated into segments 4 units long each, so there would be 10 equal
segments.

1.3.11 yMin=5
yMax = 20



Questions, Section 1.4

SECTION 1.4

1.4.1

1.4.2

1.4.3

1.4.4

1.4.5

1.4.6

1.4.7

1.4.8

1.4.9

1.4.10

1.4.11

1.4.12

1.4.13

1.4.14

1.4.15

1 f(z) = m—T—2

89

2
and g(z) = f (%) , write an expression for g(z) and find its range and domain.

If f(z) = V1 — 22 and g(z) = f(2z), write an expression for g(z) and find its range and domain.

1
If h(:r,) = m
range.
Let f(z) =2 —z +1, find f—(—H—hi)L——_—@
z2—2—6
Let f(z) = — and g(z) = z — 3, find

(@) (f+9)(=) (b) (f - 9)(=)

Let f(z) = I —f:ﬁ and g(z) = /=, find

(a) £(-2) (b) g(z?)
Let g(z) = 13z + 3 and h(z) = 2z — 1, find
(a) g(t+2)

(c) goh(t+2)

Let f(z) = vz — 5 and g(z) = v/z, find
(a) fog(z)

(c) gof(x)

Let f(z) = z° and g(z) = %, find
(a) fog(t+2)

Let f(z) = 515— +1 and g(z) = 3%, find
(a) fog(z)

(c) gof(—z+1)

Let f(z) = V4 — 2% and g(z) = %, find
(a) the domain of f(x)

(c) fog(z)

Let f(z) = |z| and g(z) = 2° + 1, find

(a) fog(z)
(c) the domain of f o g(z)

) and g(z) = h(—2z), write an expression for g(z) and find its domain and

(¢) foyg(z)

(b) goh(x)
(d) the domain of g o h(x)

(b) the domain of f o g(z)
(d) the domain of go f(z).

(b) gof(-=).

(b) the domain of f o g(z)
(d) the domain of g o f(x)

(b) go f(z)
(d) the domain of g o f(z)

(b) gof(x)
(d) the domain of g o f(z).

Let f(z) = 2z — 1 and g(z) = v/, find the domain for f o g(z) and g o f(z).

Express h(z) = /22 — 4 as the composition of two functions such that h(z) = f o g(z).

Express h(z) = |2* — 1| as the composition of two functions such that k(z) = f o g(z).
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1.4.16

1.4.17

1.4.18

1.4.19

1.4.20

1.4.21

1.4.22

1.4.23

1.4.24

1.4.25

1.4.26

1.4.27

1.4.28

1.4.29

1.4.30

1.4.31

1.4.32

1.4.33

1.4.34

1.4.35

1.4.36

1.4.37

1.4.38

Questions, Section 1.4

Express h(z) = as the composition of two functions such that h(z) = f o g(x).

For what values of = does f(z) = f(z + 1) and for what values of = does f(z +1) = f(z) + 1 if
flz)=22-22+17

For what values of z does f(z) = f(z + 3) and for what values of = does f(z +3) = f(zx) + f(3) if
f(z) =2® -6z +9?

For what values of z does f(z) = f(z +1) if f(z) =2° —2® —2 + 17
Express h(z) = sin(z?) as the composition of two functions such that h(z) = f o g(z).

Express h(z) = cos(2z + 7/3) as the composition of two functions such that h(z) = f o g(z).

flz+h) - f(z)
- :

Let f(x) = 2° + 1 and let A be any nonzero real number. Find

flz+h) - f(z)
- .

Let f(z) = 3z — 1 and let h be any nonzero real number. Find
Sketch the graph of f(z) = 3 — 4z, [0,2].

Use the graph of f(z) = v/ to sketch the graph of f(z) = 1 +v—=z.

Sketch the graph of f(z) = \/m by completing the square.

Sketch the graph of g(z) = —/6z — 2.

Sketch the graph of ¢(xz) = sin(—z/2).

Sketch the graph of g(z) = 2 +sinz.

Sketch the graph of f(x) = 2sinz + sin 2z.

Express f(z) = |z + 2| + 1 in piecewise form without using absolute values and sketch its graph.

Express g(z) = 7 — |2z — 4| in piecewise form without using absolute values and sketch its graph.

r—2, <0
Sketch the graph of ¢(z) = ) .
z°, T 2>
Sketch the graph of h(z) = Tz_l

Use the graph of f(x) = |z| to sketch the graph of f(z) =2 —|2 — z|.

2z, z>1

2

Sketch the graph of f(z) = { .
4, <1

3r—1, z>1
Sketch the graph of g(z) = 3, z=1.

2, r<l1

Sketch the graph of h(z) = (z —2)* — 1.
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1.4.39

1.4.40

1.4.41

1.4.42

1.4.43

1.4.44

1.4.45

1.4.46

1.4.47

1.4.48

1.4.49

1.4.50

1.4.51

1.4.52

2 —-2x—-3

Sketch the graph of f(z) = ——3

Sketch the graph of 2% 4+ 2z —y — 3 = 0.
2 2 5
Use the graph of x = y* to sketch the graph of y° — 3y + 1 +z=0.

A function f with domain [—2,2] has the graph shown

PN y
—_—
i I 1 ] I >x
-2 2
2}

Use this graph to obtain the graphs of the equations

(a) y— flz)+1 (b) y=F(z+1) (©) y=f(-=) (d) y=—f(=)
Determine whether the graph y = 4% — 2 is symmetric about the z-axis, the y-axis, or the origin.
Determine whether the graph y = 423 4 z is symmetric about the z-axis, the y-axis, or the origin.

Find all intercepts of z® = 2y°® — y and determine symmetry about the z-axis, the y-axis, or the
origin.

Find all intercepts of 222 — y? = 3 and determine symmetry about the z-axis, the y-axis, or the
origin.

1
Find all intercepts of y = Ernp and determine symmetry about the z-axis, the y-axis, or the
: x
origin.

Find all intercepts of = y* — 3y? and determine symmetry about the z-axis, the y-axis, or the
origin.

Find all intercepts of y* = |z| + 3 and determine symmetry about the z-axis, the y-axis, or the
origin.

Find all intercepts of y* = |z| — 5 and determine symmetry about the z-axis, the y-axis, or the
origin.

Sketch y = z? — 22 in the first quadrant and use symmetry to complete the rest of the graph.

Sketch y = 2® — z in the first quadrant and use symmetry to complete the rest of the graph.
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1.4.53 Extend the graph of the figure given below so that it is symmetric about (a) the origin, (b) the
z-axis, and (c) the y-axis.

1.4.54 Extend the graph of the figure given below so that it is symmetric about (a) the origin, (b) the
z-axis, and (c) the y-axis.

)4

(0,2)

1.4.55 Show that y = |z| is symmetric about the y-axis and sketch its graph.
1.4.56 Show that y? = 4z + 4 is symmetric about the z-axis and sketch its graph.
1.4.57 Show that y = z3 is symmetric about the origin and sketch its graph.
1.4.58 Show that zy = 4 is symmetric about the origin and sketch its graph.

1.4.59 Match the given equations with its graph. [Equations are labeled (a)-(d), graphs are labeled

(A)-(D)]

FUNCTION GRAPH

(@) y= ac;i- 1

) y="5 B
1

(c) y= m -_

d) y=— -

2 +1
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A B
(A) .y (B)
2T
............. 1o
N L
1 7 x
-2 -1\ /i 2
-1
2+
2+
(©) sy (D) Ay
2_4._
1_._
/ e s
2 -1 1 2 2 -1 1 2 X
1+
-1+
24
1.4.60 State which of the following statements are true and which are false.
(a) __ A graph which is symmetric about the z-axis and the y-axis must be symmetric
about the origin.
(b) __ A graph which is symmetric about the origin must be symmetric about the z-axis
and the y-axis.
(c) __ A graph which is symmetric about the origin and about the y-axis must be
symmetric about the z-axis.
(d) __ A graph which is not symmetric about the origin is not symmetric about the

z-axis and the y-axis.



SOLUTIONS

SECTION 1.4

T+ 2
T z+2 ..
1.4.1 f(z)= m,g(m) = x—i-% " =276 z + 6 # 0 so the domain is (—o0, —6) U (—6, +00).
2

x

2 9 —
To get the range, let y = + 5 and solve for z, thus, x = Y 50 the range is

T+ y—1
(=00, 1) U (1, +00).

g(z) = /1= (2z)2 = V1 — 422, 1 — 422 > 0 if —1/2 < 2 < 1/2 so the domain is
[-1/2,1/2] and the range is [0,1].

1.4.2

(@) = e =
T = (Con)+4 - 2+2z]+4°
its range is (0,1/6].

fe+h) -1

1.4.3 |2 + 2| + 4 # 0 so the domain is (—00,+00) and

[(2+Ah)?—(2+h)+1] - [(2)2 = (2) +1]

1.4.4 - = -
_3h+R* R(3+R)
=S = T =34 R £,
1.4.5 (a) f”i?zii—6+x—3= ﬁ_—jx—_ﬁ
(b) T2 ooz =2
P—z-6 2’-z-6 (z-3)(z+2) z+2
(c) z T oz(z-3)  z(z-3) =z T F 3.
z—3
1.4.6 (a) —2/5 (b) Va2 =|z| (c) l*fx.
1.4.7 (a) 13t+29 (b) 26z — 10
(c) 26t+ 42 (d) (—o00,+00)
1.4.8 (a) y/vV/z-5 (b) [25,+00)
(c) VVz—-5=+vz—5 (d) 1[5, +o0).
1.4.9 (a) fog(x)zgsofog(t—l—Z):H%
(B) g0f(x)= 2 s0 g0 f(-z) = — or —=.
1410 (a) fog= % +1= 1?;—;;‘”3 (b) (~00,0) U (0, +00)
2 Ry
©) 3(_11+m+1) =3(3_z> (d) (=00,0) U (0,+00)

94
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1.4.11

1.4.12

1.4.13

1.4.14

1.4.16

1.4.17

1.4.18

1.4.19

1.4.20

1.4.21

1.4.22

1.4.23

1.4.24

2
(@) 2.2 () o=
(&) /4~ (@ (2.2
(2) " +1] () [ +1 () (~00,+00) (d) (~00,+e0)

fog(x) is 24/ — 1 so the domain of fog(z) is [0, +00), go f(z) is v2z — 1 so the domain of go f(z)
is [1/2, +00).

(@) = 2% — 4, f(z) = VZ. 1415 g(z) =2 -1, f(z) = |z|.
g(z)=z—4, f(z) = —

2?—2z4+1=(z+1)2—2(x+1)+1listrueifr =1/2and (z+1)*~2(z+1)+1= (2> -2z +1)+1
is true if x = 1.

22— 6z +9=(z+3)%—6(z+3)+9 is true only if z = 3/2 and
(x+3)2—6(x+3)+9=(z° -6z +9)+ [(3)— 6(3) + 9] is true only if z = 3/2.

Pt —r+1=(+1)P°-(z+1)-(z+1)+1
322 +z-1=0

-1-4113 —-1++13

solve using the quadratic formula, thus the values of z are 5 and 5
g(x) = 2%, f(z) = sinz.
g9(x) =2z + 7/3, f(z) = cosz.
2 (g2 2
(z+h)2+1—(z*+1) _2zh+h P
h h
3(x+h)—1—-(3z-1) _%_3
h ko
1.4.25
Y Ay
s \<_
2 y =3 - 4x for
0¢xg2
1+ 1+
e —————
LY x 2 -1 1 2
1 _1 —t—
-2
alk 27T
-4 b
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1.4.26 f(z)=v5—4dz —a2=/5+4— (22 + 4z +4) Ay
=19~ (z+2)?

LI ISR Tt T x
-5 -
1.4.27 y=—V6z —x2 Ly
=6z —2® 44
(® —6z) +y*=0 T
(22— 62 +9)+y*=9 T
92 2 _ T
(z=3)+y'=9 e
-1 6
41
1.4.28 1.4.29

2+
y=2+sinz
1.4.30
Y

3_
2
l-

1 1 1 L | ’l -

=2x —37' - -5 i z x §21 2 2
2t
T




Solutions, Section 1.4

z+3, z>-2 .
1.4.31 f(z)= y
—x—1, <=2
4F
2-
l.—
1 I i .
-3 -2 -1 x
() 11—-2z, z>2
1.4.32 g(z)=
3422, T<2 py
10F
8:—
ek
4
2t
1 N1
2 4\6 8 10 x
-2
-4
x—2, <0 n
1.4.33 y=
x2, z>0 ‘
41
3
2
11
———— 4 “
-3 -2 -l I 2 3
-|<
/
1.4.34 1.4.35
Ly AY
2+
l"_ 1—4_
— 1 - . >
2 v % 1 1 2 3 &%
——) -1 _1_..
2+
-2
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Solutions, Section 1.4

2z, z2>1 ﬁ‘y
1.4.36 y=
xQ, r<l1
- 5
- 4
- 3
- 2
-1
1 1 1 1 1 1 .
-3 - -1 1 2 4 x
3z—1, z>1 by
1.4.37 y= 3, z=1
2, <1 1+
3L o
1}
1 1 1 1 1
-3 -2 -1 1 2 3 4
1.4.38 1.4.39
4Y
5%
4
3
2L
1
AL - .
12 4 5  x
1.4.40 2> +22—y-3=0 Ay
y=2"+22-3
= (22 +22+1) -4 L
=(x+1)* -4




Solutions, Section 1.4

1.4.41

1.4.42

1.4.43

1.4.44

1.4.45

AY
4_.._
N_
2_._
(1,372)
1__
— 41> 4
-2 -1 1 2
-1+
(@) (b)
2k ——e-\
-2 2 ¥ -2 2 X
-2+ 2t
(c) (d)
ay @y
—— 2L
i 1 1 1 1 1 L 1 J I
i) 2 Vx 9 Vx
-2k —
y=4z? -2

Replace & with (—z): y = 4(—z)? — 2 = 42® — 2 thus the graph is symmetric about the y-axis.

Y= 4o + x
Replace z with (—z) and y with (—y):
—y=4(-z)’ + (~z)
—y=—(4c’ + z)
y=4z+z

thus the graph is symmetric about the origin.

2’ =27 —y
Set y = 0: 2° =0, (z-intercept) z =0
Set z =0: 0=2y> —y =y(2y® — 1) (y intercepts) y =0 or y = +/2/2
Replace z with (—z) and y with (—y):
(—z)*=2(-y)’ - (~y)
—(2*)=—~(2y° ~v)
3=y} —y
thus the graph is symmetric about the origin.
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1.4.46

1.4.47

1.4.48

1.4.49

1.4.50

Solutions, Section 1.4

227 —y* =3
6
Sety=0:22°=3,z= :I:\/T— (z-intercepts)
Set z = 0: —y? = 3 has no real solution so no y-intercept.
Replace z with (—z)
2(—z)?—y2=3
22 — y2 =3

thus the graph is symmetric about the y-axis. Replace y with (—y)
22° — (—y)*=3
2z% — y2 =3

thus the graph is symmetric about the y-axis. Since the graph is symmetric about both the z-axis
and y-axis, it is symmetric about the origin.

1
T 3z 4 a3
No z or y intercepts

Y

Replace z with (—z) and y with (—y):

1 1
VT3 (2P 3rta0
_ 1
Y=+

thus the graph is symmetric about the origin.

z =yt —3y?

Set z = 0: 0 = y* — 3y? = y*(y* — 3) (y-intercepts) y = 0 and y = +/3

Set y = 0: x = 0 (z-intercept)

Replace y with (—y):

z = (—y)* — 3(—y)? = y* — 3y thus the graph is symmetric about the z-axis.

y!=|z|+3

Set y = 0: 0 =|z| + 3, |z| = —3 no y-intercept

Set z = 0: y* =3, y = +V/3 (y-intercepts)

Replace y with (—y): (—y)* =9 =|2z| +3

Graph is symmetric about the z-axis

Replace = with (—z): y* = | —z| +3 = |z| +3

Graph is symmetric about the y-axis

Since the graph is symmetric about both the z and y-axes the graph is symmetric about the origin.

y* = x| -5

Set y = 0: 0 = || — 5 then z = £5 (z-intercepts)
Set z = 0: y® = —5 then y = v/—5 (y-intercept)
Replace x with (—z): ¢* = | —z| -5 =|z| -5

The graph is symmetric about the y-axis



Solutions, Section 1.4

1.4.51

1.4.52

y=z'— o
Set y =0: 0=z%(z+ 1)(z — 1), z = 0 and z = +1 are z-intercepts
Set x = 0: y = 0 is a y-intercept

101

Replace @ by (—z): y = (—z)* = (—=z)? = z* — 2? thus the graph is symmetric about the y-axis

z| 5 | 15
y | —0.1875 | 2.8125 1 y

1_._
| 1
_' -ll\/\/i é X

-1+

-2+

y= 1:3 — I

Let x = 0: y = 0 is the y-intercept
Lety=0: 0=2" -z =z(z+ 1){z — 1), ,

\

z =0, x = 1 are the z-intercepts 2“y

Replace z by (—z) and y by (—y): 1+

—y= (-2 — (~2) J ,

—y=—(a’ ~ o) 2 1 2
y=2a3 —a. -1

The graph is symmetric about the y-axis 24

z| 5 | 15

y | —0.375 | 1.875
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1.4.53 (a)
(b)
Ay
2 N
/N
1 / N
| T R S | 1 11 /3 1 \"t
6 -5 -4 -3 -2 -1_1 \\1 2 /3\476 .
AN
-2 \V,
(c)
AY
~ 2
7 N
¢ ML
1 1 1 V’ 1 l\\ i 1 1 1 I -
-6\ 5 -4 -3 -2 -1 1 2 3 4 5 T
~ / ! \/
Ne 7
\J 2
1.4.54 (a) (b)
B4 Y
©2 ©,2)
Y .l < Y T~ /) = Y ey
\ /
) | 1
/ \\
(0)-2) --f/ ~ (0’-2)
(c)
¢
(0,2)
~
\
{1
/




Solutions, Section 1.4

1.4.55 y = |z W

replace z by —x: 2+
y=|—z|=lz|

Thus, the graph is symmetric

about the y-axis. -k

1.4.56 y* =4z +4

[ 4
replace y with (—y): 3*/
(—y)i=4zx +4 2
yi=4dx +4 1T
1 ! >
2

Thus, the graph is symmetric

about the z-axis. -

1.4.57 y=2° Ay
Replace z with (—z) and y with (—y):

(—y) = (—z)® 1T
—y=—z° |

y=x3 '2

thus, the graph is symmetric

about the origin.

1.4.58 Replace z by (—z) and y
(y) by (—y):
(—z)(-y)=4
xy=4
Thus, the graph is symmetric

about the origin.

1.4.59 (a) (C) (b) (A) (c) (B) (d) (D)

1.4.60 (a) T (b) F (¢c) T GYIA



104

Questions, Section 1.5

SECTION 1.5

1.5.1

1.5.2

1.5.3

1.5.4

1.5.5

1.5.6

1.5.7

1.5.8

1.5.9

1.5.10

1.5.11

1.5.12

1.5.13

1.5.14

1.5.15

1.5.16

1.5.17

1.5.18

1.5.19

1.5.20

1.5.21

1.5.22

1.5.23

Find the slope of a line drawn perpendicular to the line through (-2, —4) and (3, 5).
Find the slope of a line drawn perpendicular to the line through (3,5) and (6, —3).

Show that the line through (—2,14) and (1, 8) is
(a) parallel to the line through (1, —2) and (2, —4);
(b) perpendicular to the line through (1,1) and (3,2).

Show that the line through (3, —4) and (7,5) is
(a) parallel to the line through (1,-11) and (5, -2);
(b) perpendicular to the line through (0,0) and (9, —4).

Use slopes to show that (—2,4), (2,0), and (6,4) are vertices of a right triangle.

Use slopes to show that (9, —6), (—3,0), and (0,6) are vertices of a right triangle.

Use slopes to show that (—1,—8), (5,0), and (6, —7) are vertices of a right triangle.

Use slopes to show that (—1,1), (4,2), (3, —2), and (—2, —3) are vertices of a parallelogram.
Use slopes to show that (—1,—3), (8,3), (3,4), and (0,2) are vertices of a trapezoid.

Show that (—1,3), (6,6), (8,2), and (1,—1) are vertices of a parallelogram but not a rectangle.
Use slopes to show that (3, —5), (7, —2), (2,—2) and (-2, —5) are vertices of a rhombus.
Use slopes to show that (—6,—1), (—2,5), (1,3) and (—3, —3) are vertices of a rectangle.
Find the equation of the line through (—1, 3) with slope m = —-2.

Find the equation of the line through (-3, —7) with slope m = 3.

Find the equation of the line through (1,3) and (—2,1).

Find the equation of the line through (-2, —3) and (5, —6).

Find the equation of the line through (2, —1) and parallel to 3y + 5z — 6 = 0.

Find the equation of the line through (3,4) and parallel to 4z + 3y + 7 = 0.

Find the equation of the line through (1, —1) and perpendicular to 2z — 3y — 8 = 0.

Find the equation of the line through (5,2) and perpendicular to 4z — 7y — 10 = 0.

Find the equation of the line through (2,2) and parallel to the line through (3,4) and (6,2).

1
Find the equation of the line that has an angle of inclination of ¢ = yid and passes through the
point (3, —2).

Find the equation of the line that passes through the point (7,3) and has an angle of inclination
¢ = %ﬂ'.
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1.5.24 A person drives 50 miles at 50 mi/hr and 120 miles at 60 mi/hr. Find the average speed the person
drives to the nearest mi/hr.

1.5.25 A spring is stretched from 4.00 m, its natural length, to 4.02 m when a 5 kg object is suspended
from it. If an additional 15 kg is added to the suspended mass, what would the new length of the
spring be?

1.5.26 A particle moves with a velocity given in cm/s according to the equation v = 4t — 2. What is the
velocity when ¢ = 07



SOLUTIONS

SECTION 1.5

1.5.1

1.5.2

1.5.3

1.5.4

1.5.5

1.5.6

1.5.7

m = 2—1—1—21 = g, so any line with slope —5/9 will be perpendicular to the line through

(—2,—4) and (3,5).

-3-5 8
63 3 =3 so any line with slope 3/8 will be perpendicular to the line through

(3,5) and 6,—3).

m =

Let m; be the slope of the line through (—2,14) and (1, 8) and let my and ms be the slope of the
lines in parts (a) and (b), then

mi= o4,
1= 142 - )
—4+2 .
(a) mo= 7T = —2, thus, my = mg and the lines are parallel;
2—1
(b) mg= 3-1- 3 thus, myms = —1 and the lines are perpendicular.

Let m; be the slope of the line through (3,—4) and (7,5) and let my and m3 be the slopes of the
lines in parts (a) and (b), then

5449
YTr-3 T ¢
-2+11 9
(@) me= T__tl— =7 thus, m; = m» and the lines are parallel;
-4 —0 4 . .
(b) mz= 9 0 =9 thus, m;m3 = —1 and the lines are perpendicular.

Let A(—2,4), B(2,0), and C(6,4) be the given vertices and let a, b, and ¢ be the sides opposite the
vertices, then

m————4_0—1m——4_4~0 andm—0_4——
“T%-2 T 6+2 cT2F¥2
Since mym, = —1, sides @ and c are perpendicular thus ABC is a right triangle.

Let A(9,—6), B(—3,0), and C(0,6) be the given vertices and let a, b, and ¢ be the sides opposite
the vertices, then

m—6—0—2m—-”6_6———4 aLndm—_G—O——l
“To0+3 T 90 ¥ ‘T 943 2
Since mom, = —1, sides a and ¢ are perpendicular thus ABC is a right triangle.

Let A(—1,—8), B(5,0), and C(6,—7) be the given vertices and let a, b, and ¢ be the sides opposite
the vertices, then

m——7_0———7m—_7+8—-1— ndm”——o_i_s—é
“«T o5 Ty T METMTETY
Since m,my = —1, sides a and b are perpendicular thus, ABC'is a right triangle.

106
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1.5.8

1.5.9

1.5.10

1.5.11

1.5.12

1.5.13

1.5.15

1.5.16

1.5.17

The line through (—1,1) and (4, 2) has slope m; = 1/5, the line through (4, 2) and (3, —2) has slope
msy = 4, the line through (3,—2) and (-2, —3) has slope m3 = 1/5, the line through (-2, —3) and
(—1,1) has slope my = 4; since m; = m3 and my = my, opposite sides are parallel so the figure is
a parallelogram. '

The line through (—1,—3) and (8,3) has slope m; = 2/3, the line through (8,3) and (3,4) has
slope my = —1/5, the line through (3,4) and (0,2) has slope ms = 2/3, the line through (0, 2) and
(—1,—3) has slope m4 = 5. So m; = ms, the figure is a trapezoid since it has two parallel sides.

The line through (—1,3) and (6,6) has slope m; = 3/7, the line through (6,6) and (8,2) has
slope my = —2, the line through (8,2) and (1,—1) has slope ms = 3/7, the line through (1, 1)
and (—1,3) has slope mg = —2; since m; = mz and mz = my, opposite sides are parallel so the
figure is a parallelogram; since mimg # —1, adjacent sides are not perpendicular and thus, the
parallelogram is not a rectangle.

-245 3
The line through (3,—5) and (7,-2) has slope m; = - +3 =1 the line through (7,—2) and
2479 -
(2,—2) has slope my = 22_+7 = 0, the line through (2, —2) and (—2, —5) has slope m3 = _Z + ; =

—5+4+5

7?; and the line through (-2, —5) and (3, —5) has slope my = = 0. Since m; = mg and

ms = my, opposite sides of the quadrilateral are parallel. The diagonal from (3, —5) to (2, —2) has
slope mg = _22_+35 = —3 and the diagonal from (7, -2) to (—2,—5) has slope m; = ———;—i—; = %
Since m,my = —1, the diagonals are perpendicular so the quadrilateral is a rhombus.

5+1 3

2. 2 thel —

- ' 5162 the line through (3 2,35) ar;d
133 ; 5= "3 the line through (1, 3) and (—3, —3) has slope m3 = :3 : 1= 5

- 2
and the line through (—3,—3) and (—6,—1) has slope my = 13 _

613 - 3 Since m; = mg and
ma = my opposite sides of the quadrilateral are parallel and since mimy = —1, adjacent sides are
perpendicular so the quadrilateral is a rectangle.

The line through (—6,—1) and (—2,5) has slope m; =

(1,3) has slope mg =

y—3=(-2)(z+1) 1.5.14 y—(-7)=3[z—(-3)]
y=—-2z+1 y=3T+2.

1-3
= —; the required equation is

The slope of the line through (1,3) and (-2,1) is m = 51 = 3

2 2 7
y—3—§(x—l)ory—§z+§.

-6 — (=3
(=3) —§; the required equation

The slope of the line through (-2, —3) and (5, —6) is m = 5—_——(—_—2—)— ==

. 3 3 27

isy—(=-3)= —7[x —(-2)]ory= —nT =

Place 3y + 5z — 6 = 0 into slope-intercept form to yield y = —gm + 2. The lines will be parallel if
the slope of the line m = —5/3, thus,

y=(-1)=-2(z~2)

———:c+z
y="3*73
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4 7
1.5.18 Place 42 + 3y + 7 = 0 into slope-intercept form to yield y = 3%~ 3 The lines will be parallel if
the slope of the line m = 4/3, thus,

4
y—4=—§(x—3)

4
=—c 8.
Y 33: +
. . . 2 8 . . .
1.5.19 Place 2z — 3y — 8 = 0 into slope-intercept form to yield y = 3% 3 The lines will be perpendicular
if the slope of the line m = —3/2, thus,

y=(-1)=-3@-1)

_3 1
y=-3r+3

4 10
1.5.20 Place 4z —7y—10 = 0 into slope-intercept form to yield y = Pt The lines will be perpendicular

if the slope of the line m = —7/4, thus,

y—2=—40- 5)
= ——7-3; + 4
V=TT
1.5.21 The slope of the line through (3,4) and (6,2) is
2-4 2
6-3 3

The lines will be parallel if the slope of the line m = —2/3, thus,

y-2=-2(@-2)
_.2 10
y=73t T g

1.5.22 m= tan% =1so

y—(-2)=2-3
y+2=z—-3
y=x—35

1&%1mﬂw§=ﬁ

y—3=V3(x~-7)
y=+v3z—7V3+3
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1.5.24 d=rt
50 mi= (50 mi/hr)t;
t1= g% hr =1hr
120 mi= (60 mi/hr)t,
120
t2 = -6—6- hr =2 hr

tital =81 +t2=1hr +2hr =3 hr

1—;—0 mi/hr = 57 mi/hr (rounded)

F
1.5.25 F=kzx,s0ok= =

. . m
Since the acceleration is g, k o< —
z

m_m
T T
20 k
2y = %xl = 5—k;(0.02 m) = 4(0.02 m) = 0.08 m

1.5.26 wv(t)=4t—2
v(0) = 4(0) — 2
=—-2cm/s
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Questions, Section 1.6

SECTION 1.6

1.6.1

1.6.2

1.6.3

1.6.4

1.6.5

1.6.6

1.6.7

1.6.8

1.6.9

1.6.10

1.6.11

1.6.12

1.6.13

1.6.14

1.6.15

1.6.16

What do all members of the family of lines of the form y = 2z + b have in common?
What do all members of the family of lines of the form y = ax + 8 have in common?
What do all members of the family of lines of the form az = by have in common?
Use a graphing utility to graph on the same window y; = vz, y» = vz, and y3 = .

What points do all curves of the form y = V22, where n is an odd integer, have in common?

z-—1
Det ine th tical tot fy=-—s—"b7—"—.
etermine the vertical asymptote(s) of y p—
Determine the vertical asymptote(s) of y = ﬁf—-l_)-

Use a calculating utility to approximate sin (%) to four decimal places.

Use a calculating utility to approximate tan (;) to four decimal places.

A sphere whose radius is 0.5 m rolls through an angle of 60°. How far does it roll?
The amplitude of 3 cos(8rz + 2) is
The amplitude of 4sin(wz + 6) is

The amplitude of 8 cos(z) — 12 is
What is the phase shift of tan (:c - %)7

What is the period of sin(3z + 4)?

A point source of energy in space radiates energy that spreads so its magnitude is inversely pro-
portional to r3. If E = 5 w when » = 1 m, what is E when r = 2 m?



SOLUTIONS

SECTION 1.6

1.6.1

1.6.2

1.6.3

1.6.4

1.6.5

1.6.6

1.6.7

1.6.8

1.6.9

1.6.10

1.6.11

1.6.12

1.6.13

1.6.14

They all have a slope of 2.
They all have a y-intercept of 8.

They all go through the origin.

i

r‘/—f‘;

x=0 f]

They all go through (—1,1), (0,0), and (1,1).

_ z—1 _ z+1
T 22452 —-14 (z+T7)(z-2)
Setting the denominator equal to 0 yields

Y

(x+7)(x-2)=0
z+7=0 r—2=0
r= -7 r=2

. z _ 1
v= z2(z—1) z(z-1)
Setting the denominator equal to 0 yields

z(z—-1)=0
z—1=0
rz=0 r=1

0.3827
0.4816

The circumference of the sphere is 27r = 2(0.5 m)7r =7 m

.. 60 1 .
60° is 360~ 6 of one full rotation.

. . T
Of a circumference is 5 m.

W ol

4

The amplitude of 8 cos(z) — 12 is 8. The shift of 12 downward moves the curve, but does not alter
the amplitude.

_76£' The phase shift has a sign opposite the one that appears in the expression.
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1.6.15 If 3z =27, thenz = 2%

1.6.16 E = % or k= Er?
T
k=1(5)=5
5= E(2)

5
E:'B-W
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SECTION 1.7

1.7.1 A particle moves according to x = 4¢, y = t?. Find the position of the particle at t = 2.
1.7.2 A particle moves according to & = cosnt, y = t*. Find the position of the particle at t = 2.
1.7.3 Given z =t + 2, y = 8t — 1, eliminate the parameter ¢ and write the equation in terms of z and y.
1.7.4 Given z = t2, y = t°, eliminate the parameter ¢ and write the equation in terms of z and y.
1.7.5 Describe the graph of x = 2 4 sint, y = 3 4 cost, 0 <t < 27,
1.7.6 Describe the graph of £ = 5sint, y = 2cost, 0 <t < 27.
1.7.7 Describe the graph of x =2 + 5cost, y =4+ 5sint, 0 <t < 27.
1.7.8 Describe the graphof z =4, y = t.
1.7.9 Where is the ellipse £ = 4 + 3 cost, t = 2 + 8sint, 0 < ¢t < 27 centered?

1.7.10 Where is the circle x = 6 + 2cost, y = 4+ 2sint, 0 <t < 27 centered?

1.7.11 Describe the graph of £ = 5sint, y =cost, 0 <t < 7.

1.7.12 A particle moves according to = = t, y = t2. The shape of the trace of the particle, assuming ¢ can
be either positive or negative, is a parabola that opens in what direction?

1.7.183 Thegraphofz=t+2,y=3—-¢2<t<5is

1.7.14 Represent x = 2 + 3cost, y =4+ 3sint, 0 <t < 27 in rectilinear coordinates.



SOLUTIONS

SECTION 1.7
171 Att=2z=4(2)=8andy=22=4.
The particle will be at (8,4).

1.7.2 1= cos(2m) =1
y=2"=4

The particle will be at (1,4).

1.73 zxz=t+2
t=1x—2

Substituting: y = 8{(x —2) — 1

y=8xr—16—1
y=8x—17

1.74 y=t
t= 5
Substituting: = = (V)% = y*/*

z = y?3

1.7.5 The graph is a circle with a radius of 1 and centered at (2,3).

1.7.6 The graph is an ellipse centered at (0,0) with z-intercepts (—5,0) and (5,0) and y-intercepts (0, —2)
and (0,2).

1.7.7 The graph is a circle centered at (2,4) with radius 5.
1.7.8 This is a vertical line at x = 4.
1.7.9 (4,2)
1.7.10 (6,4)
1.7.11 This is the right semi-circle of a circle centered at (0,0) with radius 5.
1.7.12 upward
1.7.13 This is a line segment from P (4,1) to Q (7,-2).

1.7.14 This is a circle of radius 3 centered at (3,4).
(z-2+(@y-4°=9
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SUPPLEMENTARY EXERCISES, CHAPTER 1

1. 1
Iy,

x=0 f v=H

For what value(s) of z is y = 47
2. l\ / 1

x=0 =7

For what values of zis y < 07
> U

x=0 y=zEq

For what value of z does the graph have a minimum?

4. Find the natural domain for f(z) = /22 — 64.

A. 1 i B. {
Y
L Pt
— S ~
t=-10 B k=10
%=.54402111089  [v=-10 x=-10 p=.E4402111083
C 1 D. 1
t=-10 t=-10
x=-10 uzig x=100 p=-1

In the accompanying figures, which show y as a function of z?7

6. For a given temperature T and wind speed, v, the windchill index (WCI) is the equivalent temperature
that exposed skin would feel with a wind speed of 4 mi/h. An empirical formula for the WCI (based
on experience and observation) is

T,0<v<4
WCI = { 91.4+ (91.4 — 7)(0.0203v — 0.304y/v — 0.474,4 < v < 45
1.6T — 55, v > 45

Find the actual temperature to the nearest degree if the WCI is reported as 30°F and the wind speed
is 50 mi/h.

7. What is the smallest viewing window that shows the entire graph of f(z) = —v/z? — 9?
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In Exercises 8-12, find the natural domain of f and then evaluate f (if defined) at the given values of .
8. f(z)=+V4-2%oc= —2,0,v/3. 9. f(z)=1//(z-1)%2=0,1,2.

10. f(z)= (z—1)/(z2*+z~-2);z=0,1,2.

1. f(z) = ViT| =22 = —3,0,2. 12, f(z)= { ‘f/;__—ll i i; . 2=0,2,4
In Exercises 13 and 14, find

(a) f(=*)—(f(=))” (b) f(z+3)—[f(z)+ f(3)]

(c) f(1/z)—-1/f(=) (d) (fof)(=).

13. f(z)=V3-x. 4. fl@)="> - z

In Exercises 15-22, sketch the graph of f and find its domain and range.

15. f(z) = (xz—2)% 16. f(z) = —.
x?—4
17. f(z) = |2 - 4x|. 18. f(z)= e T4
19. f(z)=+v-2z 20. f(z)=—V3z+1.
21. f(z) =2 |al. 22. f(z) = f;‘:j

23. In each part, complete the square, and then find the range of f.
(a) f(z)=2>—-5z+6 (b) f(z)=-32"+12z 7.

24. Express f(z) as a composite function (goh)(z) in two different ways.

(a) f(z)=2°+3 (b) flz)=va?+1 (c) f(z)=sin(3z +2).

In Exercises 25-28, sketch the graph of the given equation.

25. xy+4=0. 26. y=|z—2
27. y=+v4-2z% 28. y==z(z—2).

29. Show that the point (8,1) is not on the line through the points (—3,—2) and (1, -1).

30. Where does the circle of radius 5 centered at the origin intersect the line of slope —3/4 through the
origin?

31. Find the slope of the line whose angle of inclination is
(a) 30° (b) 120° (c) 90°

In Exercises 32-34, find the slope-intercept form of the line satisfying the stated conditions.

32. The line through (2,—3) and (4, -3).

338. The line with z-intercept —2 and angle of inclination ¢ = 45°.

34. The line parallel to z + 2y = 3 that passes through the origin.

35. Find an equation‘ of the perpendicular bisector of the line segment joining A(—2,—3) and B(1,1).
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36.

37.

38.

39.

40.

41.

42.
43.
44.
45.
46.

Consider the triangle with vertices A(5,2), B(1,—3), and C(-3,4). Find the point-slope form of the
line containing

(a) the median from C to AB (b) the altitude from C to AB.

Use slopes to show that the points (5,6), (—4,3), (—3,—2), and (6,1) are vertices of a parallelogram.
Is it a rectangle?

For what value of k (if any) will the line 2x + ky = 3k satisfy the stated condition?
(a) Have slope 3 (b) Have y-intercept 3.
(c) Be parallel to the z-axis (d) Pass through (1,2)

Find an equation of a family of lines of lines with a slope of 4.

1

x=0 ¥=0

This is the graph of ™19, g0 29 or 27

The graph of y = is found by making appropriate transformations to the graph of what

basic power funct;icgvrf'?+ 2wt
A particle moves according to y = 3z + 2z + 1. Find the position y when the time z is 2.

A spring is stretched 2 mm by a 10-kg mass. How much will it be stretched by a 40-kg mass?
Sketch the graph of x = ¢, y =t + 5.

Find the radius and center of the circle z = 4 + 2sint, y = —3 + 2cost, 0 < t < 27.

Identify the curve that the parametric equation x = 5 + 2cost, y = 2 4 3sint defines.



SOLUTIONS

SUPPLEMENTARY EXERCISES, CHAPTER 1

Wb

10.

11.

12.

13.

14.

Reading from the graph: =0, £ = 2.
Reading from the graph: {1,7).
Reading from the graph: 4.
z?—64>0

(z—8)(z+8)>0

Partitioning the z-axis at —8 and 8, and using test points, the answer is (—oco, —8] U [8,00). The
endpoints are included.

A and D fail the vertical line test. The answer is B and C.

v =50 mi/h implies WCI = 1.6T — 55.
30=1.61"—55
80=1.6T

T=53°F

-3<r<3and -3<Ly<0

v/4 — 22 is real if and only if 4—z2 > 0, thus 4 > z?, so the domain is |z] < 2; f(—=v2) = V2, f(0) =
F(V3)=1.

domain: z > 1; f(0) and f(1) are not defined, f(2) =

f(x) = (ng)—(;:—)—n’ domain: all z except —2 and 1; f(0) = 1/2, f(1) is not defined, f(2) =1/4.

domain: |z| > 2; f(—3) = 1, f(0) is not a real number, f(2) =

domain: all z; f(0) = —1, £(2) = 3, f(4) = V3.

() f@a)—(f(@)*= \/3—_x2 -(3-2)

(b) flz+3)=[f@)+fB))=v3-(=+3)-[V3-z+V3-3=vV-z-v3-1
() f(1/z)—1/f(z)= \/3— 1z -1/V3-z

(d) f(f@)=4y3-V3-z

3—m2_<3—z)2 3—22 9-6x+12 22 +62—6
X

(a) f(=*) —(f(2))*=

x x2 x2 2
®) f+a) -l ) - D[22, 28
3_3—x
(@ f(f(w))=f(3;x)= oo

x
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15. Ty 16. .
4\—
[ 1 < N
1
> a2 = D
-a‘ -
domain: all domain: all z
range: y > 0 range: y = —T
17. y 18. ﬁ&y

|
11

2 _
domain: all z f(z) = = -l-(z -2).
2
range: y > 0

VR

domain: all x except —2
range: all y except —2
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19.

21.

23.

24.

Solutions, Supplementary Exercises

20. y
y
| x
2 ; >
L Y I
-2
domain: z <0 domain: z > —1/3
range: y <0
range: y > 0
22.
\ 5
|
|
S
2| 2
|
|
|
. _2z-4 2
domain: all z f(x)—x2_4——x+2,x7é2

range: y < 2
domain: all z except —2,2

range: all y except 0,1/2

2
@ v=fla)= (=504 F)r0-F = (s-5) - grrangery> -7
(b) y=f(z)=—-3(z*—4x+4)~7+12=-3(z—2)* + 5; range: y < 5.
Some possible answers are:
(a) h(z) =1 g(z) =2 +3; h(z) =2% g(z) =z +3
(b) h(z)=2z%+1, g(z) = V; h(z) =27, g(z) = Vo +1
(c) h(z) =3z +2, g(z) =sinz; h(z) = 3z, g(x) = sin(z + 2)
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25.

27.

29.

30.

31.

32.

33.

34.

35.

36.

37.

QY 26. Ifzr>2,theny=1c-2;
— ifrxr <2, theny = —z+2.
- LY
AT ERNES
ol D \
— ‘ 2
i i | | X
0 2 D
28.
L
Y DY
2
4R L
X 1+
D x
-2 2 | |
-1 1 /2 D
—1-

z — 4y = 5 is an equation of the line through (-3, —2) and (1, —1), but (8,1) does not satisfy it.

3

Equation of circle is z? + 9 = 25, equation of line is y = —Zx.

3 Y 9 25
Eliminate y : 22+ ( —>z ) = 25, 22+ —2% =25 =22 =25 22 =16,s0 z = +4.

4 16 16
The points of intersection are (—4,3) and (4, —3).
(a) tan30° =1/V3 (b) tan120° = —v/3 (c) tan90° is not defined.

-34+3

m = 19 =0,s0 y = —3.

m = tan45° = 1, and (—2,0) is on the line, soy =0 = (1)(z +2), y =z + 2.

1 1 1
Forzx+2y=3 m= —5 A parallel line through the origin is y — 0 = —5(90 —-0),y= —5%

4
The line segment joining A(—2,—-3) and B(1,1) has slope m = 3 and midpoint M (—l,—1>.

2
. . 3 3 1
The perpendicular bisector has slope ~1 and goes through M, so y +1 = ~31 (a:—i— -2->,
V=T Ty

(a) The median from C to AB is the line segment joining C and the midpoint of AB. The midpoint of
AB s M(3,—1/2), thus the slope of the line through C and M is —3/4,s0 y—4 = (=3/4)(z +3).

(b) The altitude to AB is perpendicular to AB. The slope of AB is 5/4, thus the slope of the line
perpendicular to AB is —4/5, so y — 4 = (—4/5)(z + 3).

Label the points as A(5,6), B(—4,3), C(-3,—2), and D(6,1). Then myp = 1/3, mpc = —5, mcp =

—1/3, and mps = —5, so ABCD is a parallelogram because opposite sides are parallel (map = mcp,

mpc = mpa). It is not a rectangle because sides AB and BC do not form a right angle (map #

—1/ch).
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38.

39.
40.

41.

42.
43.

44.

45.
46.

Solutions, Supplementary Exercises

(a) y=—2x/k+3,ifk#0;m=—-2/k=3if k=—2/3.

(b) k #0 (if k = 0, then the line coincides with the y-axis and does not have a unique y-intercept).
(¢) —2/k =0 is impossible for any real value of k.

(d) (1,2) must satisfy 2z + ky = 3k, so 2(1) + k(2) = 3k which gives k = 2.

y=4r+b
y = —z/
1
V= Gy
So, y = x 72

y=3(2)%+202)+1=34)+4+1=17
The mass is directly proportional to the amount the spring stretches.

10 =2k
k=5
40= 5z
z =8 mm

/ 1
t=-10

kz-in y=-5

Center: (4,—3); Radius 2

This is an ellipse centered at (5,2) with a vertical major axis that extends 3 units above and below
the center and a horizontal minor axis that extends 2 units left and right of the center.



SECTION 2.1

2.1.1 For the function f graphed to ‘

2.1.2

2.1.3

the right, find

(a)
(b)
(c)

(d)
(e)

()

lim f(z)

z—0"

lim f(z)

z—0t

lim f(z)

z—0

£(0)
im f(x)

——0

A (@)

CHAPTER 2
Limits and Continuity

For the function f graphed to
the right, find

(a)
(b)
(c)
(d)
(e)

(£)

lim f(z)

2"

lim f(z)

z—2%

lim f(z)

T2

f(2)
lim f(x)

T—=—00

lim f(z)

T—+00

For the function f graphed to
the right, find

(a)
(b)
(c)

(d)
(e)

lim f(z)

T3

lim f(z)

z—-—3+

4
4
13
{12
__________ i
-4 -3 -2 -| I 2 3 4
-4
-2
-3
5-4‘ y ®
4 4
3 4
2 J
1 4
S T Al r4.
=5432-1/11234x
%
4
2
...... )
\4‘-2 2 4
-2
14

rand? 3
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2.1.4 For the function f graphed to

2.1.5

2.1.6

the right, find
(2) lim f(2)

(b) lim f(z)

z—2F

(c) lim f(z)

z—2

(d) f(2)
(e) lim f(z)

z—0+

(f)  lim f(z)

T—+00

For the function g graphed to

the right, find
(a) lim g(x)

z——2"

(b) lim g(x)

r—-2%

(c) lim g(z)

r—r—2

(d) 9(-2)

(e) lim g(z)

400

() lm g(z)

For the function f graphed

to the right, find
(a) lim f(z)

z——1"

(b) lim f(z)

z-—1%

(c) lim f(z)

z—-—1

(d) f(=1)
(e) lim f(z)

Z=-++4-00

() lim f(z)

T =-00

Questions, Section 2.1

¥
3]
2 .
|-
, v v -
-1 I 2 3 4
-1 4
4
2
o
|
. v "
-2 -l | 2 3
— -l
-2
| 4
| |
) 31 |
} 1
] 24 1
] 1
- ____i__l__l_. _____
1 ]
4 3 2 oz 3 4
] - [}
I 1
i -21 1
t
34
1 l
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2.1.7

For the function h graphed above, find
(a) h(-3) (b) R(2) (c) lim h(z)
(@ lim, hz) () Jim, h(a) () F-1)

2.1.8 For the function ¢ graphed to 4
the right, find

(a) lim ¢(z)

z—T)2”

(b) lim ¢(z)

/2%

(c) lim ¢(z)

z—7[2

(@) o(n/2)

(e) Can you identify this function?

Eyp

i 1
| 1
1 1
1 |
| |
| i
1 |
- ;zg_: ‘v M :"/2 T
| 1
1 i
| !
| |
| 1
i i

2.1.9 For the function f graphed
to the right, find

(a) lim f(z) 4
(b) lim f(z) .

’. (c) alri_rgf(m) I

(e) lim f(z)

=00

(f) lim f(z) 3

T—r+00

]

@ £ P - T2 3 4
1
|
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2.1.10 For the function f graphed
to the right, find

2.1.11

2.1.12

(2)
(b)
(c)

(d)
(e)

(f)

L)

lim f(z)

o

lim f(z)

z—-1

f(=1)
lim f(x)

T—+00

lim f(x)

——00

For the function f graphed to
the right, find

(a)
(b)
(c)
(d)
(e)

(f)

lim f(z)

z—1-

lim f(z)

-1t

lim f(z)

z—1

f(1)
lim f(z)

T—+00

lim f(x)

T——00

Consider the function
f graphed to the right.

For what values of zg

does lim f(z) exist?
T—x)

Questions, Section 2.1

g
3-/
o7
/ |
y—z -l I 2 3 ”
-1
-2
-3,
Y
21
1
-Z' _i | 2 K
..|<
-2
"&
3]
2 .
|-/—\
3 2 A iz 3\

-2




Questions, Section 2.1

2.1.13

2.1.14

2.1.15

2.1.16

Consider the function
g graphed to the right.
For what values of xg

does lim g(z) exist?
T-Tg

Consider the function g
graphed to the right. For what

values of 2y does the lim g(z)

Ty

exist?

Consider the function f
graphed to the right. For what

values of zy does lim f(z)
—T

exist?

Consider the function f
graphed to the right. For what

values of o does lim f(z)
T—x)

exist?

—_——————— e e — —— —

|

— e ——— - st e e o

127
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2.1.17 Approximate lin% z? by evaluating z? at appropriate values of z.
xr—
. . 2z ) 2z .
2.1.18 Approximate lim —— by evaluating —— at appropriate values of z.
z—2 sinx sinz

2.1.19 lim o is equivalent to what limit as z nears 07

T—+00




SOLUTIONS

SECTION 2.1

2.1.1 (a) 4 (b) — (c) does not exist
(d) 0 (e) 1 (f) +oo

2.1.2 (a) 3 (b) 3 (c) 3
(d) 5 (e) -1 (f) does not exist

2.1.3 (a) -2 (b) —4 (c) does not exist
(d) -2 (e) 0

2.1.4 (a) 1 (b) 1 (c) 1
(@) 2 (e) +oo (f) 0

2.1.5 (a) -1 (b) 1 (c) does not exist
(@) -1 (e) 1 (f) -1

2.1.6 (a) +o© (b) —o0 (c) does not exist
(d) does not exist (e) 1 (f) 1

2.1.7 (a) 2 (b) does not exist (c) -1
() 1 (e) does not exist (f) -1

2.1.8 (a) 4+ (b) - (c) does not exist
(d) does not exist (e) ¢(z) =tanz

2.1.9 (a) +o© (b) 4+ (c) +o0
(d 1 (e) 0 (f) 0

2.1.10 (a) 1 (b) 2 (c) does not exist
(d) 0 (e) +o0 (f) —o0

2.1.11 (a) 1 (b) 1 (c) 1
(d) 1 (e) +o0 (f) —

2.1.12 All values except 0. 2.1.13 All values except —3 and 0.

2.1.14 All values except —1. 2.1.15 Al values except 2.

2.1.16 All values except 1 and —2.

2.1.17

2.1.18

2.1.19

12 = 1, 1.52 = 2.2.5, 1.92 = 3.61, 1.99° = 3.9601, 1.9992 = 3.996001, 3% = 9, 2.5* = 6.25,
2.12 = 4.41, 2.01% = 4.0401, 2.001' = 4.004001 The limit is 4.

The values of the function at —1, —0.5, —0.1, —0.01, —0.001, 1, 0.5, 0.1, 0.01, and 0.001 are (in
order): 2.377, 2.086, 2.003, 2.000, 2.000, 2.377, 2.086, 2.003, 2.000, and 2.000. The limit is 2.

3
lim (— + 2)
z—0t \ T
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SECTION 2.2
2.2.1 Find lim2(m3 + 6z — 16). 2.2.2
T——
x? + 9
2.2.3 Find hm — 2.2.4
22+ 2z
2.2.5 Find hm _— 2.2.6
=0 1 — 22
24+ -2
2.2.7 Find hm Z_dr i3 2.2.8
—4r +3
s —27
2.2.9 Find hm 2.2.10
z—3 r—3
h® — 4k
2.2.11 Find h_rg T ant 2.2.12
1
2.2.13 Find lim 3X 03 2.2.14
h—0 h
2.2.15 Find lim > —> 2.2.16
- i P BT o
9.2.17 Find lim 22222 2.2.18
h—1 h
r—1
2.2.19 Find lim ——— 2.2.20
-1+ IZI: - 11
2.221 Find lim — 2122 2.2.22
o N o 323 + 422 + bz -
R TI 1
2.2.23 Find Lim Y2 t4e-1 2.2.24
Z—r400 3 -z
N T -
2.2.25 Find lim YL t42-1
Z——00 3—x
2.2.26 Find lim f(z) where f(z)=< z-3’ z<3
T—3~
T, >3
1
— . z<1
2.2.27 Find lim f(z) where f(z) = «+2
xr—r

Questions, Section 2.2

Find lim 72

z—0

22— 16
Find ilil’}lm

2

1—2x
Find Iim ——
n zl—vni:c2+5x—

2 __ .2
Find limx a .

z—e T —Q

3 _ 2 2
Find lim r_drtiz
T—

rz—1
l 1
Find lim £—¢&,
T—a T —a
3
Find lim =%
z—-a T+ a
4
1-=
Find lim el
r—2 2
1-2
T
Find lim z-4 .
T—4- i.’E bt 4|
2 _
Find lim 2 1
zotoo 241
7 _
Find lim z—4
z—+00 2z
24
Find lim id
E——00 x



Questions, Section 2.2

l—z, z>1
2.2.28 Find the right hand limit at =1 for f(z) = 6, z=1.
14z, z<1

-1, >0
2.2.29 Find the left hand limit at 2 = 0 for f(z) =

22-1, z<3

2.2.30 Find lim f(z) where f(z) = .
z—3 (=) (-1 z>3

r+1, <0

131



SOLUTIONS

SECTION 2.2
2.2.1 0. 2.2.2 7k
2.2.4 1im£_x+_4)(_z—_4) im ——— z+4 §
a4 (z + 5)(z — 4) z—>41:-|-5 9
. oz(z+2) . x+2
2.2.5 lim—— 2 =] =2
5 :zlir(l)x(].—2$) 1%1—21'
. (1+z)(1-2) . —-(1+=z) 2
2.2.6 Al A7 Ay TPl 2
TG-S rre 7
(z—1)(z+2) . x+2 3
2.2.7 lim 21— ] ==
I e~1D)(z—3) +4z-3 2
2.2.8 lim -a)z+a) = lim(z + a) = 2a.
r—a rT—Qa r—a
-3 3
2.2.9 lim EDE A 2 hsa gy = o
z——v3 x—3 z—3
—1)(z -2
2.2.10 Tim 2EVE=D oo o9y — 1.
z—1 z—1 z-—1
 h(h-2)(h+2) . h+2
2211 =2 A% R
1_ l
2.2.12 limZ—a — Jim —2=% = -1
g r—a z—eax(z—a) o0 ax a?
—h 1 1
2.2.13 lim ———— = lim ————— = —=.
03h(3+h) hod 3(3+h) 9
2 2
2.2.14 lim (z+a)a’ —az+a) = lim (z? — az + d?)
z——a z+a z——a
r—3 1 1
2.2.15 i =lim ————— = —.
3 @ —3) @213z +9) S t3z+9 27
2 2
(1-2)(+2) :
2.2.16 lim z 7 —lim (1 + —) =2
z—2 1— 2 z—2 x
T
2.2.17 -1.
2.2.18 lim —2— % — _1. 2.2.19
z—4- —(ZL‘ —4)
2
2.2.20 lim 2% = lim 2=2. 2.2.21
z—+00 T Z—+00
vz —4 ] 4
-3
2.2.22 lim —@— - lim 2 L
T—+00 _Sf T—+00 2 2
x

132

2.2.3 5/3.

= 3a’.

3

lim E——- = lim

z—+o0 33

z—+00

1
3



Solutions, Section 2.2 133

3x2 +4z -1 44 4 1
2 T 72
2223 lm — Y2 gy Iz
r—+00 3 — T T—+400 i _ 1
x x
T2+ 4 . 4
—Vz2 VT2
2.2.24 lim —iﬁ; = lim —+—% =1,
T——00 d r——00 1
x
32 44 -1 1
— —\3+--3
2225 lim —¥C— = lim ——5 5% =3
T——00 — T T——00 § ~1
x
2.2.26 lm —E=3 -
-3~ T—3
1
2.2.27 xlg{l_ 752°-3 zlg%x = —1, so the limit does not exist because hm flz) # xhr% fx).
2.2.28 lim(1-2)=0. 2.229 lim(z+1)=1
— z—0~

2.2.30 lim (22 -1) =8; hm L (z — 1)* =8 so lim f(z) =8.

-3~



134

SECTION 2.3

2.3.1

2.3.2

2.3.3

2.34

2.3.5

2.3.6

2.3.7

2.3.8

2.3.9

2.3.10

2.3.11

2.3.12

2.3.13

Find a number § such that |f(z) — L] < ¢ if |z — a} < 6. lirré5x = 10.

Use ¢ and € to prove }:l_’H%ZJI +3="T.
Use 6 and € to prove llg(l){‘/i =0.
Use 4 and € to prove }:15’1111\/_ =2.
Use § and € to prove jlvlil’(l) zt=0.

Use d and € to prove lir% Vr =2.
X

Prove that lim -?1 =0.

z—+00 I

1
Prove that hm - = 0.
+o0 I

1
Prove that lim == = 0.
T—+00 I

Prove that lim —1—6 = 0.
T—=—-0

Find ¢ if ling3x =15 and € = 0.01.
=

22
Find § if 1 ——1@ =12 and ¢ = 0.01.
—2 1 —10

Find the smallest integer N such that lim l =0 and € = 0.01.

r— 002','

Questions, Section 2.3



SOLUTIONS

SECTION 2.3

2.3.1 Show |5z —10|<eifO<|x—2{<§

Slr - 2| <e
€

5=¢

|z —2| <

2.3.2 Show |(2z-3)—-7|<eifO0<|z—-2| <4

2z -2 <e
£

5 =9

lz —2| <

2.3.3 Show [z -0/ <eif0<|z—0|<§
V| <e

z<e=4§

2.3.4 Show [vZz —2|<eifO<|z—4|<$¢
vz —2| < €if 0§ |(vT +2)(vZ — 2)| = k|lvz — 2| <6, for some k. Clearly, k < 4.

€
SO,(;-—E

2.3.5 Show |z*—0|<eif0<|z—0|<§
zt<e
z<elt=4§

2.3.6 Show |[Vz -2l <eif 0<|z—8 <4

S5l —2| <e
Forz>1, |[r—2|<|r—8/<é
S=46

2.3.7 Show that for € > 0 there exists N > 0 such that if

3
——0‘<eif:c>N.
T

<e€

z
N=z>

a | w

2.3.8 Show that

lz—O’<eif3:>N
T

1
F<€

1
N=2:>\/j
€

2.3.9 |z7/3-0|<eifzx>N
zB<e
N=gx=¢13

2.3.10 |z %—0|<ecif|z|<N
z8<e
—N < |z| < eV/6
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2.3.11

2.3.12

2.3.13

3r—15<eifz-5<4
3(x—5)<e 506 =3e=.03

z% - 100

_— —12 i -2 é
p— \<€lf|£)¢ | <
(z + 10)(z — 10)

— 12| =z —

z - 10 o -2l

So, d =e¢=0.01

1

—2—0‘ <0.01 whenz > N

T

1
) < 0.01
X

1
2> - =10
> 501 =10

z>10,s0 N =10

Solutions, Section 2.3
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SECTION 2.4
. . . N z—-1
2.4.1 Find any points of discontinuity for f(z) = T
. . . - r+1
2.4.2 Find any points of discontinuity for f(z) = o
z? —
2.4.3 Show that f(z) = is not a continuous function.
z—V3
% +1

2.4.4 Define f(z) = T % that it will be continuous everywhere.
> +z—6

2.4.5 Define g(z) = —

so that it will be continuous everywhere.

2.4.6 Prove that f(x) = v/z2 + z is continuous on [0, +0c0).

2.4.7 Assign a value to the constant k which will make g continuous.

T+2
gl@)=1{ 3+222+z+2 vy -2
k, r=-2

2.4.8 Assign a value to the constant k£ which will make h continuous.

3 2
z°+ 3z +x+3’ v —3

h(z) = z+3
k, r=-3

2.4.9 Assign a value to the constant k& which will make f continuous.

z? -4z +3
—, T #1
fw={ =-1 > °7
k, =1
_—xz —z -2 r< -1
2.4.10 Show that f(z) = z+1 is not continuous at x = —1 but is continuous from
2z + 2, z> -1
the right at z = —1.
222+ 3z + 1
o <1
z+1
2.4.11 Examine h(z) = || and determine if A is (a) continuous at = —1,
—, -1<z<0
z
2z, z2>0

(b) continuous at z = 0, and (c) continuous from the right at z = 0.

2z +3
— < -1
2.4.12 Examine g(z) = V2+a+z2’ N and determine if g is (a) continuous at x = —1, (b)

2 - xz, x> -1
continuous from the right at x = —1, and (c¢) continuous from the left at x = —1.
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2.4.13

2.4.14

2.4.15

2.4.16

2.4.17

2.4.18

2.4.19

Questions, Section 2.4

[z +1], z<-2
r+1, -2<z<l
Let g(x)=¢ Vz+3, 1<z<6
6
6 <7
8—z’ <TS
| 6 7<z<10
(a) Determine if g is continuous from the right at z = —2.

(b) Determine if g is continuous from the left at = 1.
(c) Determine if g is continuous at z = 7.

(d) Determine if g is continuous at z = 9.

z—1
Show that f(z) = m is not continuous at £ = 0 or x = —1 and show also that the disconti-
nuities at £ = 0 and z = —1 are nonremovable.
1 . . . N .
Show that f(z) = @-1p is not continuous at z = 1 and that the discontinuity at z = 1 is

nonremovable.
Show that the equation f(z) = z® 4+ z + 6 has at least one solution in the interval [-3,0].

Show that the equation f(z) = 2® + 37 + 1 has at least one solution in the interval [-1,2].

1
3—x

is a continuous function.

Determine the interval for which f(z) =

jz]

Show that f(z) = z’ cannot be made continuous for any assigned value of the con-
k, =0

stant k.



SOLUTIONS

SECTION 2.4

24.1

2.4.2

2.4.3

2.4.4

2.4.5

2.4.6

2.4.7

2.4.8

24.9

2.4.10

f is discontinuous at z if 2> — 1 =0, z = £1.
f is continuous everywhere since z*4+1#£0.

f is not continuous at = = v/3 since f (v/3) is not defined.

f is continuous everywhere except at x = —1, however,
S+1 Dx?2-—z+1
T g (gD o +1) = lim (2 —z+1) =3, s0 let
z—-1 x+1 z——1 r+1 z——1
23 +1 2 -1
flxy=<¢ z+1’ thus f is continuous at x = —1 since limlf(x) = f(-1).
T
3, z=-1

g is continuous everywhere except at £ = 2, however,

2
-6 -
lim Trro0 lim @—2)(—@ = lim(x + 3) = 5, so let
2 T —2 z—2 r—2 T2
2+ -6 z£2
g(z) = z—-2 , thus g is continuous at = = 2 since lirr% g{z) = ¢(2).
r—

5, =2

For ¢ in the interval (0, c0), linéf(:z) =limvVa2+z = \/}Eim(:l:z +z) =V +c=flc)so fis

continuous on (0,00). Also liI?[f]l+ f(x) = lir{)l+ 22 +z = 0= f(0). So f is continuous on [0, +00).
T T

g is continuous everywhere except, perhaps, at x = —2, however,

. z+2 . T+ 2 L 1 . .
et T A G Y@ D) gz 1 5 0 et k= 1/5, thus, g s contin-
uous at x = —2 since lim2 g9(z) = g(-2).

T
h is continuous everywhere except, perhaps, at £ = —3, however,
3 4 322 3 3)(z?+1

lim T AT oy @43z +1) = lim (z? + 1) = 10 so let k = 10, thus, h is
z——3 T+ 3 z——3 r+3 T——3
continuous at x = —3 since 1im3h(z) = h(-3).

T—r—

f is continuous everywhere except, perhaps, at = 1, however,

! 3 —1)(x—3
lim z s = lim (z-1)(= ) = lim(z — 3) = -2, so let k¥ = —2, thus, f is continuous at
z—1 r—1 z—1 z—1 z—1
x =1 since linif(x) = f(1).
T
2

. o2tz =2 . (z4+1)(@-2) _ ..
zEIEll— f(x) - z—l-l}—’—nl‘ z+1 - zgl—nl‘ r+1 - zgr—nl‘(x - 2) =3

lim1+ flz) = liml+(2x +2) = 0 so f is not continuous at x = —1 since lim1 f(z) does not exist,
T—r— T—— T

however, f is continuous from the right since lim1+ flz) = f(-1).
z——



140

2.4.11

2.4.12

2.4.13

2.4.14

2.4.15

2.4.16

2.4.17

2.4.18

2.4.19

Solutions, Section 2.4

202+ 3z +1 i (z+1)(2z+1)

(a) mliIPl- f(x)= lim = lim (2z+1) = —1; lir_n1+ flx)=

z——1- z+1 e z+1 z—o—1-
lim1+ %‘— = lim1+ ——;— = —1 and f(—1) = —1 so f is continuous at z = —1.
T—— T——
|z . -z . . .
1 = lim — = lim — = —1; li = lim 2z =0 t cont
(b) im f(z) Jim — = lim — Jim f(z) Jim 2z so f is not continuous at

z = 0 since lm[l) f(z) does not exist.
T—

(¢) f is continuous from the right at x = 0 since lir{)l+ f(z) = £(0).

2+ 3
(a) xEr_nlﬂg) :1:—» 1—V2+m+z2 \/—'

hm1+ glz) = hml+(2 — %) = 1 so g is not continuous at z = —1 since lim1 g(z) does not
L T—— T
exist.

(b) lim1+ g(z) = g(—1) =1 so g is continuous from the right at z = —1.
T

(¢) g is not continuous from the left at z = —1 since lim1 g(x) # g(-1).
T——1"
(a) lim2+ g(z) = lim2+(x +1) = —1 and g(—2) = 1 so g is not continuous from the right at
T—— T——

xz = —2 since lim g(z) # g(-2).
T2+

(b) hm g(z) = linll_(:c+ 1) =2, g(1) = V1 + 3 = 2 so g is continuous from the left at z = 1 since
hm g(z) = g(1).

6
() lin71 g(z) = lim == 6; hm g(z) = liI{{l)r 6 = 6 and g(7) = 6 so g is continuous at £ = 7.
T~

z—T7~

(d) lir% g9(z) = hr%G = 6, g(9) = 6 so g is continuous at & = 9 since linsl; g{z) = g(9).
xT— r— r—

F(=1) and f(0) are not defined, thus f is not continuous at z = —1 or = = 0, moreover, lim1 f(z)
T——
and lim do not exist thus the discontinuities at £ = —1 and z = 0 are nonremovable.
T—!

f(1) is not defined, thus f is not continuous at z = 1, moreover, lin% f(x) does not exist thus the
T—

discontinuity at z = 1 is nonremovable.

f(z) = z + 2 + 6 is continuous on [-3,0], f(—2) = —4 and f(—1) = 4 have opposite signs so
Theorem 2.7.10 applies.

f(z) = 3 + 3z + 1 is continuous on [-2,2], f(—1) = —3 and f(1) = 5 have opposite signs so
Theorem 2.7.10 applies.

(_0073)
lim 2l _ im —= = -1, lim 2l _ lim = = 1, thus hm f(x) does not exist and f(z) is not
z—0- T z—0- T -0+ T -0+ T

continuous for any k.



Questions, Section 2.5

SECTION 2.5

2.5.1

2.5.3

2.5.5

2.5.7

2.5.9

2.5.11

2.5.13

2.5.15

2.5.17

2.5.18

2.5.19

Find lim Ea—.
-0 @

sina — tan o

Find lim —
a=0  sin®a

sin\/2_9
\/5 .

Find lim
6—0

ind 1i ‘
Find 915»% Gcscl

Find lim .
a—0 COS &

e 3¢
Find <1;51LI(1) cos2¢’

. ) sint
Find %g% m

0
3 2—
sin” 5

62 -

Find lim
6—0

Find a value for the constant k so that

will be continuous at 6 = 0.

Find a value for the constant & so that

will be continuous at 8 = 0.

Find a value for the constant k¥ so that

will be continuous at 8 = 0.

2.5.2

2.5.4

2.5.6

2.5.8

2.5.10

2.5.12

2.5.14

2.5.16

"§in26’

sin 36

20

Find lim 5227
650 tan@

Find lim 0 cot 48.
-0

2

. . ¢
Find il_l’% Sn3g

sin 3¢
ind i’i‘é sin 2¢

2
Find lim ————.
t—0 1 — cos? ¢

9
Find lim 320
6—0 tan g

Find lim
a—0 o

™
—+x)

COS (
Find lim —2—Z
x—0 T

30?2 4 sinda

141



SOLUTIONS

SECTION 2.5
sin 6
tané sin g sin @ 1
5.1 ki = lim €88 — | = (1im 22 (fim — ) = 1.
281 I =T T 0% 0cos0 (e‘i% 9 ) (?1% 0080> H)=1
sin 260 2 sin 26
) Sin29_ ) 0 1 20
2.5.2 %T(l) tanf gl-rf(l) tanf %E»I(l) sin
7 fcosf
. sin26
N - N _ 20 _,
i 1
lim sin lim @)
-0 8 60 cos @
sin o no
oo — ] _q 3
2.5.3 lim sma. 3tana — lim __COSQL _ Jipy ix_xla_(c?s.aa—) — lim ﬂ%
a—0 sin” o a—0 sin” a—0 cosasin” o a—0 cos ¢ SIn”
— lim cosa—1 - lim cosa—1
" a—0cosafl —cos?a) a0 cosa(l — cosa)(l + cos )
-1 -1 1

o cosa(l +cosa)  (1)(2) )

cos46 _Cﬂ
9.5.4 1lim 6 cot 40 = lim Sin40. _ 15, 4sindf
6—0 4—0 [ 00 40
B li_r’ncos49 11
. sindf — 4(1) =1
4 2
2.5.5 lim V28 = lim V2 sin /26

-0 \/5 -0 \/2_0
~ V2lim —Si“‘f = V3(1) = V2

9-0 /26
2
RN li =li = lim ————
2.5.6 I o 35~ & Sn3g® 450 3sin 3¢7
¢? 3¢?
B 1 11
T .. sin3¢®  (3)(1) 3
30 e

2.5.7 lim TN L L L Y

6—08cscfd 6-0 0O 6—0 8



Solutions, Section 2.5

sin 3¢ 3sin 3¢
. sin3¢ ) 3¢
2:5.8 }}E{l) sin 2¢ gs—»o sin2¢ ¢_ﬁ0 2sin2¢
¢ 2¢
3 1im sin 3¢
o S20  2(1) 2
=0 2¢
2.5.9 0.
t? t2 1 1 1
2.5.10 lim——— =1 = = = =
tl—l:% 1 —cos?t tl—r>% sin?t t—{% sin?t sint (1)2 1
% lim ——
t—0 t
2.5.11 0.
9 . 20
2.5.12 lim — b _ m S = lim cos@sin @ = ( limcosd | (limsind | = (1)(0) = 0.
6—0 tanf 0_.0 sinf ~ 6-0 60 0—0
cosf
sint sint sint 1 1 1
2.5.13 1i im = [ lim — Im—— ) =(1){ =} ==
0215t t—»Ot(t+5) (tl—% t )(tl—r.%t+5> ()(5) 5
2 2 . .
2.5.14 lim 3a? + sin 4o - lim (3& sm4a> — lim <3a+ 4sm4a)
a—0 [6 a—0 « o a—0 Vi%s"
in 4
= lim 3o + 4 lim S = 0+ 4(1) = 4.
a—0 a—0
sin? 9 sin? o sin AN
. 2 _ 2 _11. 2 1o\
2:5.15 Jim—p* =lm—gr =1 |i% 7 e
T 5
COS (z +:1;) : .
2.5.16 lim —2—~ — lim (—Smw> = lim =% = 1.
z—0 T -0 T z—0 X
2.5.17 i — lim —o ! k=1/2.
e S0 Sin20 690 2sin20 o lim sin2g g O0fT
20 6-0 20
sin36 1 3sin36 3 sin36 3
518 lim —— = -lim ——— = =i =2 sok=3/2
2.5.18 lm —p= = Slim —0— = s lm —p— =5 s0k=3/
sin 6
tand 9 sin @ sin @ 1
.5. = lim €98 lim— | {lim— | =(1)(1)=1s0 k =1.
2.5.19 élino 0 o0 0 e—rf(l) fcosd (alir(l) 0 ) (01_1)1(1) c050> D) 5
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Supplementary Exercises

SUPPLEMENTARY EXERCISES, CHAPTER 2

3
1. Find hm

2

—kzx
o where k is a constant.

In Exercises 2 and 3, sketch the graph of f and find the indicated limits of f(z) (if they exist).

l/x,
x )

2,
22—z,

2. f(=)

(a) asz — —1

(e) asz— 0

z<0
0<z<1
rz=1
z>1

(b) asz—0

(f) asz— 2%

2, r< -1
-z, —l<z<0
8. fla)= z/(2-12), 0<z<2
1, z>2
(a) asx — —17 (b) asz — -1
(e) asz — 27 (f) asz— 2~

In Exercises 4-7, find lin(xl F(x) (if it exists).
T—

4. flz)=V2—=x
- —27172—72+5
6. [flz)=
a= 0,5+,—5—,5

In Exercises 8-15, find the indicated limit if it exists.

—00, +00.

(z* — 25)/(z — 5);

, —9, —00, 0.

tanax
8. 0,b #£0).
20 sin bx (a # #0)
. sin28
10. %1_{1(1) 7
sinzx
12. I .
zlgf)l+ Nz
— sin(k
14, Tm ZosmkD) Ly,
z—0 x
16.

17. If lim

-5 2 _

5 —
25

If lin}l3a: =12, and € = 0.01, find 4.
r—r

—10, and € = 0.01, find 4.

9.

11.

13.

15.

(c) asz—1 (d) asz — 0%
(g) asx — ~o0 (h) as z — +oo.
(c) asz— -1 (d) asz—0
(g) asz—2 (h) asz — —oo.
(x-2)/|lx—2|, =#2
s ={ g o2

a=0,2" 2 ,2, —00, 400.

flz) = (z +5)/(«® — 25);
a=0,5%,-57,-5,5, —00, +00.
sin 3z

im
z—0 tan 3z’

rsinx
im ————.
z—01 —cosx

< 2 k
Jim S0 (2 )
z—0 T

, k#0.

2x +xsin3z

o bz — 22+ 1



SOLUTIONS

SUPPLEMENTARY EXERCISES, CHAPTER 2

10.

lim z — ke = lim 2z —k) = lim v = —1—k
=k 22— k? ok (z+k)(z—k) okz+k 2
(a -1

(b) does not exist

(c) 1

(@) 0

(e) —oo {does not exist)

(f) 0

(g) 0

(h) —oo (does not exist)

(a) 1

(b) 2

(c) does not exist

(d) 0

(e) 1

(f) oo (does not exist)

(g) does not exist

(h) 2

f(z) = V2—1z is defined for z < 2 and li_r)nf(x) =+v2-aifa < 2 50 liinf(x) = 2,1,0 for
a = —2,1,27. Because f(z) is not defined fgr ;c > 2, JCII_)I%_ f(z) and $1_1£100 f(z) mdoanot exist. Finally,

lim f(z) = 400, so this limit does not exist.

I—=—00
fz£2 f)= o =d L T>2 lim f(e) = lim(1) = 1 for @ = 2%, +00 and lim f(z) =

’ ’ |:E — 2| -1, z<2’ T—a z—a ’ z—a
lim(—1) = —1 for a =0, 27, —c0. Because lim f(z) # lim f(), lim f(z) does not exist.
T—a T2 x—2t z—2

2?2 —25 . . 4+ e
flz) = 5 = z+5,x # 5,50 lim f(z) = im(z+5) = a+5 = 5,10,0,10,0 fora = 0,5, -57, 5, 5.

J— r—a r—a
Also, lim f(z) = —oo and lim f(z)= +oo0, so neither of these limits exist.
T——00 T—+00
z+5 1 1 1 1 1 1
J@) = 75 = g—p 27 “Hhe i) =lmome = oms = —n g g or e
0,—-57,—=5. Also, lim f(z) = +oo and lim f(z) = —o0, so lim f(z) and lim f(z) do not exist.
r—5% T—5" r—5% -5

Finally, lim f(z) = 0 for a = —o0, +00.

T—a

tanaz . sinex 1 . al(sinaz)/(az)] 1 a

im — = lim — — = lim - = —.
@0 sinbxr  2—0 sinbz cosaz -0 b[(sinbx)/(bz)] cosax b
im — 3¢ =limcos3z =1
z—0tan3x z—0
. sin20 . sin26 2 sin 26 2 ..
‘1913(1)7 = 511%—5’7 7 but 5 1as 8 — 0 and ‘5‘ — 400 as # — 0 so the limit does not
exist.
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. rsinx . rsinx 1+4cosz . xsinz(1 + cosz)
11. lim ———— = lim . = lim
201 —cosx 01 —cosx 1+4cosx 20 1—cos?z
. zsinz(l4+cosz) . l4+cosz 1+1
= lim —5 = - = =2.
20 sin® z—0 [(sinz)/z] 1
sinz sinz
2. 1l li = —
2. i =t V2 (37) =@ =0
-2 . 2
13. lim wzﬂ = lim k? [&(kxl] = k2
z—0 xT z—0 kx
— g k
14, lim 220D [3  Snlkz) :”)] —3-k
z—0 €T z—0 kiE
15. 2r+xsindz 2 + sin 3z

et 22 — 2z 41 seteobr—2+ 1)1
16. Show |3z — 12| < e if |z — 4| < 4.
lz—4|<e
€
|z —4| < 3
4 = 0.003
(z5)(z + 5)
T+5
|z — 5+ 10| < 0.01
|z + 5| < 0.01
§ =0.01

17. —(-10)| <eifjJz — (-B)| < ¢



CHAPTER 3
The Derivative

SECTION 3.1

1
3.1.1 Let f(z) = pox

(a) Find the average rate of change of y with respect to = over the interval [2, 3].
(b) Find the instantaneous rate of change of y with respect to z at the point z = 2.
(c) Find the instantaneous rate of change of y with respect to z at a general point zp.

(d) Sketch the graph of y = f(x) together with the secant and tangent lines whose slopes are
given by the results in parts (a) and (b).

3.1.2 Let f(z)=x>+1.
(a) Find the average rate of change of y with respect to z over the interval [~2, —1].
(b) Find the instantaneous rate of change of y with respect to = at the point z = —2.
(c) Find the instantaneous rate of change of y with respect to z at a general point zo.

(d) Sketch the graph of y = f(z) together with the secant and tangent lines whose slopes are
given by the results in parts (a) and (b).

3.1.3 Let f(z) = ﬁ

(a) Find the average rate of change of y with respect to z over the interval [3,5].
(b) Find the instantaneous rate of change of y with respect to z at the point z = 3.
(c) Find the instantaneous rate of change of y with respect to z at a general point z.

(d) Sketch the graph of y = f(x) together with the secant and tangent lines whose slopes are
given by the results in parts (a) and (b).

3.1.4 Let f(z) = PR
(a) Find the average rate of change of y with respect to = over the given interval [1, 3].
(b) Find the instantaneous rate of change of y with respect to x at the point z = 1.

(c) Find the instantaneous rate of change of y with respect to z at the general point zo.

(d) Sketch the graph of y = f(x) together with the secant and tangent lines whose slopes are
given by the results in parts (a) and (b).

3.1.5 Let f(z) = T

(a) Find the slope of the tangent to the graph of f at a general point z¢ using the method of
Section 3.1

(b) Use the result in part (a) to find the slope of the tangent at zop = 1.
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3.1.6

3.1.7

3.1.8

3.1.9

3.1.10

3.1.11

3.1.12

3.1.13

3.1.14

3.1.15

3.1.16

Questions, Section 3.1

3
Let = —.
et (@) = ——
(a) Find the slope of the tangent to the graph of f at @ general point zp using the method of
Section 3.1.

(b) Use the result in part (a) to find the slope of the tangent at zo = 4.

1
Let f(z) = pok
(a) Find the slope of the tangent to the graph of f at a general point zy using the method of
section 3.1.
(b) Use the result in part (a) to find the slope of the tangent at zo = —2.

Let f(z) = 3z
(a) Find the slope of the tangent to the graph of f at a general point 2o using the method of
section 3.1.

(b) Use the result in part (a) to find the slope of the tangent at z = 3.

A rock is dropped from a height of 144 feet and falls toward the earth in a straight line. In
t seconds, the rock drops a distance of s = 16¢2 feet.

(a) What is the average velocity of the rock while it is falling?
(b) Use the method of 3.1 to find the instantaneous velocity of the rock when it hits the ground.

A rock is dropped from a height of 64 feet and falls toward the earth in a straight line. In
t seconds, the rock drops a distance of s = 16t2 feet.

(a) What is the average velocity of the rock while it is falling?

(b) Use the method of Section 3.1 to find the instantaneous velocity of the rock when it hits the
ground.

A particle moves in a straight line from its initial position so that after ¢ seconds, its distance is
given by s = t2 4t feet from its initial position.

(a) Find the average velocity of the particle over the interval [1, 3] seconds.

(b) Use the method of Section 3.1 to find the instantaneous velocity of the particle at
t =1 second.

A particle moves in a straight line from its initial position so that after ¢ seconds, its distance is

given by s = ; feet from its initial position.

+2
(a) Find the average velocity of the particle over the interval [2, 3] seconds.

(b) Use the method of Section 3.1 to find the instantaneous velocity of the particle at
t = 2 seconds.

Let f(x) =z
Use the method of Section 3.1 to show that the slope of the tangent to the graph of f at x = x¢ is
23',‘0.

Let f(z) = az® + b, where a and b are constants. Use the method of Section 3.1 to show that the
slope of the tangent to the graph of f at x = x is 2axo.

Let f(z) = az® + b, where a and b are constants. Use the method of Section 3.1 to show that the
slope of the tangent to the graph of f at x = xg is 3a,:1:(2).

A particle moves in a straight line from its initial position so that after ¢ seconds, its distance is
given by s = 16t* feet. Use the method of Section 3.1 to show that the instantaneous velocity of
the particle at t = to seconds is 32¢,.
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3.1.17 A particle moves in a straight line from its initial position so that after ¢ seconds, its distance is
given by s = 4 — 16¢* feet. Use the method of Section 3.1 to show that the instantaneous velocity
of the particle at ¢ = ¢, seconds is v = —32%.

3.1.18 The figure shows the position versus time curves of four different particles moving on a straight
line. For each particle, determine if its instantaneous velocity is increasing or decreasing with time.

(a) (b)

AS AS

v
\4
-

(c) (d) \ S

v

3.1.19 The figure shows the position versus time curve for a certain particle moving along a straight line.
Estimate each of the following from the graph.

(a) The average velocity over the interval 0 <t < 4.6
(b) The values of ¢ at which the instantaneous velocity is zero
(c) The values of ¢ at which the instantaneous velocity is maximum; minimum

(d) The instantaneous velocity when ¢ = 5 seconds

Asicm)
40
30
20 \
10 b /
[
123456700



SOLUTIONS

SECTION 3.1
11
B -£2) _ (32 (@2 5
3.1.1 = = -
(@) ae = =gy 1 36
Thus, on the average, y decreases 5 units per 36 units increase in = over the interval {2, 3]
Lo g 3 -1
BT x5 2 . x5 4
(B) man= I, g T A 2
4 —z? -2 2 2 1
R Lok S A C o) [ . o) AR
-2 4xi(zy —2) @2 423 (z1 — 2) 0—2 4z —2 4
Thus, y is decreasing at the point z = 2 at a rate of 1 unit per 4 units increase in z.
I E
(€) M= lim T _CF
rn—ry T1— Ty
2 _ p2 _ 2
TN s S S s ) __2
T3 —To 1‘1330(311 - .’130) 1T

2
TiTyh

(d)

Thus the instantaneous rate of change of y with respect to z at x = g is —

m_g'-
Ay

(2.174)

tangent - x

3.1.2 (a)

Mesec

I ) O (G Ve G ) el (G e RO
—1-(-2) 1

Thus, on the average, y decreases 3 units per unit increase in z over the interval [-2,-1].

(b) Mitan = lim f(wl) _ f(_2)

B € B () e
——2 xr1 — (—2) 21——2 1+ 2
2 _
im B2 = fim oay —2=—4,
7——2 11 + 2 21——2
Thus, y is decreasing at the point z = —2 at a rate of 4 units per unit increase in z.
2 01241 2 .2
(c) Man= lim et + 1] — [ +1] = lim 17 %
1o Ty — Xy

= lim (21 + o) = 2x0

1T
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Thus, the instantaneous rate of change of y with respect to z at z = zp is 2.

(d)

Ly
x
fG) -fB) s _5-1_ 1
3.1.3 = = =3 = _=
(@) e =53 5-3 2 3
Thus, on the average, y decreases 1 unit per 3 units increase in z over the interval [3, 5].
(b) Mgy = lim ————z—‘l'_r‘)_ﬁ = I 111_2_1 = lim 1- (@1 —2)
tan 7n—3 x1—3 n—3 T1—3 -3 (.’II] — 2)(]}1 et 3)
—:1}112131‘1—2 = -1

Thus, y is decreasing at the point = 3 at a rate of 1 unit per unit increase in z.
t 1

. T3 T T3 lim (o — 2)(z1 — 2)
c =1 T —2 To—2 —
( ) MMtan -7311—{20 ] — I Tl — To (.’L‘l - 2)(.’1)0 - 2) (.’L‘1 - .’E())
= lim —1 i
- 13— (CL'] ad 2)(:)30 — 2) a (.’E() - 2)2
1
Thus, the instantaneous rate of change of y with respect to z at z = zp is —W.
0 —
d .
(@ r
2y
_\ G.1)
5 1 1 ‘L
\\ 2 4\ 6~
1 1
fQ-71) 241 141 1
3.1.4 = = ==
@) Mo =57 1 6
Thus, on the average, y decreases one unit per six units increase in « over the interval [1, 2].
1 1
. fl@)-F1) . (@m+1) 141 2—(z1+1)
b =1 = lim - =
( ) Mhtan 21191 T3 —1 I}TI x;—1 7 —1 2(.’E1 + 1)(.’1,‘1 — 1)
(iL‘l - 1) . -1 1

= 1. - = 1 —_—_—
zllr—l}l 2(1‘1 + 1)(:1,‘1 — 1) 3:11?1 2(.’121 + 1) 4’

Thus, y is decreasing at the point £ = 1 at a rate of 1 unit per 4 units increase in z.
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1 1

k3
1 _ i 1o
(€) mum= lim 2= __ g (@ot1)—(@m+1)
n—re X1 — T =T (-’L‘l + 1)(:130 + 1)(;1;1 — ;1;0)
= lim —1 - 1
= x21—Tg (.771 + 1)(,’1)0 + 1) - (:L'O + 1)2
-1
Thus, the instantaneous rate of change of y with respect to = at = = z¢ is EEe
0
(d) ,,
“ y
1.0
~
0.5
2 2
3.1.5 =1 3o 3-7 == ]
(a) Mtan a:lllrslco 1 — To 2:11—1*121:0 (3 - 1,’0)(3 — ;1;1)(_7;1 _ -'130)
2 2

a3y (3 — o) (B—21) (3 — o)
(b) M, when z¢ =

l,is —— =1
,1s(3_1)

3 3

3.1.6 (a) muuy= lim o1 w1 _ lim 3(zo—1)—3(z1 - 1)
m—m L) — Lo zi=a (21 — 1) (21 — o) (20 — 1)
= lim —3 -3
= T (xl — ]_)(3;0 — 1) - (1-0 _ 1)2
(b) Mtan, when zp =4, is _3 __1
T (4-1)2 3
11
z— 2 _ .2
3.1.7 (a) M= lim o % _— Yim Ty — T

T —To 1 — To 1 —Zo :z;f:cg(zl - ZB())

. —(z1+ xp) 2
= lim ——%—5— = ——
T—Ty .’L‘IIEO "I:O
1
(b) Mygan when zo = —2, is —& =-3

2 _ 2
3.1.8 (a) mMygan = lim 3(z)” — 3(zo)” = lim 3(z1 + 20) = 323
T3 =T X1 —Xp 1%

(b)  Man, when zp = 3, is 3(3)? = 27.

3.1.9 (a) The rock will hit the ground when 16t = 144, ¢t = 3 seconds, so the average velocity is

16(3)% — 16(0)2

30 = 48 feet per second
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(b) The instantaneous velocity = t]m% flt) — f( (t;) — g 3)
1 1—

_ .. 16t} —16(3)°

T -3 t1—3

= tlil%lﬁ(tl + 3) = 16(6) = 96 feet per second
1-—’

3.1.10 (a) The rock will hit the ground when 16t2 = 64, t = 2 seconds so the average velocity is
16(2)? — 16(0)?

70 = 32 feet per second.

_ 2 _ 2
(b) The instantaneous velocity = lim ft) = £2) = lim 16t — 16(2)
t—2 th—2 t1—2 t1 —2

= thmz 16(t; +2) = 16(4) = 64 feet per second.
1—'

3.1.11 (a) average velocity = f(3§ : {(1) = [(3)2 + (3)] _ [(1)2 + (1)]

2
=5 feet per second.

(b) The instantaneous velocity at ¢ = 1 second is
- 2 —(12
i SO = F) o G t) - (1°+1)

t1—1 tl -1 - t—1 t1 — 1
2
-2
= tlln_zll Hitth—2 ;:E = tlli_n’ll (t1 +2) = 3 feet per second.
3 2
3)—f(2 3192 92+2
3.1.12 (a) average velocity = £ ?)’_ g( ) = 3+2 1 2+2

1
=1 feet per second.

(b) The instantaneous velocity at t = 2 seconds is

t 1
i SO @) BT, (i +2)
t—2 11 —2 =2 t1 —2 t—2 2(t1 + 2)(t1 — 2)
1

= tl,li.nz m =3 feet per second.
2 _ 2
3.1.13 gy = lim SL_20

0 = lim (z1 + o) = 270
z1—2Te Ty — L0 r1—%o

lim (a2} +b) — (az§ +b) _ lim a(z? — z2)

3.1.14 Mye =
Z1%0 Ty — X T1—z9 L1 — Lo
= lim a(z1 + zo) = 2axo
) To
$4b) - 34b 2133 — (z0)3
3115 mey= lm CE Y = (@) +8) _ a [(x1)® — (z0)°]

x— T 1 — o T~ T T1— To

= lim a(z}+ 7120 + 73) = 3az}
T1—%o
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3.1.16

3.1.17

3.1.18

3.1.19

Solutions, Section 3.1

Instantaneous velocity at ¢t = ¢y seconds is

. 16t2 — 16t2

= lim 16(¢; +¢
-t 1) — 1 tllirtlo ( 1+ 0)

= 32ty feet per second
Instantaneous velocity at t =t seconds is

lim 4= 16t2 — (4 — 16t2) — lm —16(t2 — t3)
t1—to th —to h-to  tp —1g

=tlin%o —16(t; + to) = 32tp feet per second
1—'

(a) decreasing (b) increasing (c) increasing (d) decreasing

f(4.6) — f(0) _10-10 _
@ =0 ~ 15
(b) The instantaneous velocity is zero when the slope of the tangent line to the curve is zero.

The values of t at which the tangent line is horizontal are t ~ 2.5, 6.

(c) The velocity is a maximum when t x 2.25. The velocity is a minimum when ¢ ~ 6.

(d) When t =5, the instantaneous velocity ~ —1.
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SECTION 3.2
3.2.1 Use the definition of the derivative to calculate f'(x) if f(z) = 322 — z and find the equation of the
tangent to the graph of f at x = 1.
3.2.2 Use the definition of the derivative to calculate f'(x) if f(z) = 222 — 2 + 1.
3.2.3 Use the definition of the derivative to calculate f'(z) if f(z) = 22°+ 1 and find the equation of the
tangent line and the normal line to the graph of f at z = 1.
3.2.4 Use the definition of the derivative to calculate f'(x) if f(z) = 2° — 3z and find the equation of the
tangent line and the normal line to the graph of f at z = 2.
3.2.5 Use the definition of the derivative to calculate f'(z) if f(z) = v2r and find the equation of the
tangent line and the normal line to the graph of f at ¢ = 2.
3.2.6 Lety = 3z + 1. Use the definition of the derivative to find %
1 o I dy
3.2.7 Let y = ——. Use the definition of the derivative to find —=.
T+2 dz
3.2.8 Use the definition of the derivative to calculate f'(z) if f(z) = %
3.2.9 Given that f(0) = 4 and f'(0) = —1, find an equation for the tangent line to the graph of y = f(z)
at the point where 2 = 0.
3.2.10 Given that f(2) = —1 and f/(2) = 5, find an equation for the tangent line to the graph of y = f(z)
at the point where z = 2.
1
3.2.11 Use the definition of the derivative to calculate f'(z) if f(z) = Wor and find the equation of the
x
tangent line and the normal the line to the graph of f at z = 2.
4
3.2.12 The volume of a sphere is given by —7nr® where r is the radius of the sphere. Use the method of
Section 3.2 to find the instantaneous rate of change of V with respect to » when r = 4.
3.2.13 The surface area of a sphere is given by S = 4nr? where r is the radius of the sphere. Use the
method of Section 3.2 to find the instantaneous rate of change of S with respect to r when r = 4.
3.2.14 The volume of a sphere is given by V = T D? where D is the diameter of the sphere. Use the
method of Section 3.2 to find the instantaneous rate of change of V' with respect to D when D = 2.
22-5 <1 . .
3.2.15 Show that f(z) = { z—5 z51 is continuous but not differentiable at z = 1. Sketch the

graph of f.
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3.2.16 Sketch the graph of the derivative of the function whose graph is shown.

y

3.2.17 It has been observed that some large colonies of bacteria tend to grow at a rate proportional to

the number of bacteria present. The graph shows bacteria count P (in thousands) versus time ¢
(in seconds)

(a) Estimate P and Cfi—]; when t = 2 sec

dpP
(b) This model for bacterial growth can be expressed as — = kP where k is the constant of

proportionality. Use the results in part (a) to estimate the value of k.

2432
|

20
/
pm
] /
/

vy

4
‘-/ N
1 2 3 4 st

3.2.18 Use a graphing utility to show that y = v'z2 does not have a derivative at z = 0.

3.2.19 Use a graphing utility to show that y = £ — 2 does not have a derivative everywhere.



SOLUTIONS

SECTION 3.2
2 (32 _
321 fl(z)= lig [3(z + k)% - (:z:—;h)] (32 — z)
= Hmw = lim(6z +3h —1) = 6z — 1
h—0 h h—0

3.2.2

3.2.3

3.24

3.2.5

so the slope of the tangent at (1,2) is f’(1) = 6(1) — 1 = 5, thus, the equation of the tangent to f
at (1,2)isy—2=5(x—1)ory =5z -3.

s v [2z+h)E—(z+h)+1] — (222 -z +1)
2 _
=hmM=lim(4m+2h—l)=4x—1.
h—0 h h—0
2 h)? -2z +1
f,(m)zhr%[(w ) +’1z] (222 +1),
6z2h + 6zh? + 2h3
= lim = lim (627 + 6xh + 2h?) = 622,
h—0 h h—0

so the slope of the tangent at (1,3) is f/(1) = 6, thus, the equation of the tangent to the graph of
1
fat(1,3)isy—3 =6(z—1) or y = 6z — 3; the slope of the normal at (1,3) is —5 50 the equation

of the normal to the graph of f at (1,3)isy—3 = ——(x— lJory= —%:c—i— E
vy v Uz +h)E—3(z+h)] - (z* - 3z)
f'(z) = Jim h
2 24 b3 _
= i SRS AR 3R (302 4+ 3ah 4+ B2 - 3)
h—0 h h—0
=3z -3,

so the slope of the tangent at (2,2) is f'(2) = 3(2)? — 3 = 9, thus, the equation of the tangent to
the graph of f at (2,2) is y — 2 = 9(z — 2) or y = 9z — 16; the slope of the normal at (2,2) is —%

so the equation of the normal to the graph of f at (2,2) isy—2 = -——(:1: 2)ory= —ém + %(—)
Flz)= ,/2(a,-+h V2z — lim ,/2(z+h V2z\ [ /2(z+h) + 2z
h~0 V2(z +h) +V2z
— lim 2(:1: +h) -2z — lim 2h
B0 (\/2(m Fh) + \/2_x) = (V2@ +h) + v2z)
= V2(z + h) + oz
1 1

so the slope of the tangent at (2,2) is f/(2) = thus, the equation of the tangent to

NZOMES
the graph of f at (2,2) isy—2 = l(:1: —-2)ory = %x + 1; the slope of the normal at (2,2) is
1

172
y = —2x +6.

—2 so the equation of the normal to the graph of f at (2,2) is y — 2 = ~2(z — 2) or
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gg_l. V3(@+h)+1—-3z+1
dr  hoo h

= lim <\/3($+h)+1—\/3z+1) (\/3(x+h)+1+\/3m+1)

3.2.6

h—0 h V3(z+hy+1++/3z+1
_ [B(z+h)+1] - (3z+1)

h=0 h(1/3(x + h) + 1+ /3z + 1)

. 3h
= lim

h=0 h(1/3(x + h) + 1+ 3z + 1)

. 3 3
= lim = .

=0 \/3(z+h)+1+B3z+1 2V/3x+1

1 1
dy .. (z+h)+2 z+2
il e h

= lim — h
" k=0 h[(z+h)+2)[z + 2]

- lim 1 3 1
T TR+ @ L

3.2.7

2 2
. 3—(z+h) 3-z 2h
3.2. "x)= =
8 f(=) }E»I(l) h }lzlftl)h(3—a:)(3—z—h)
2 2

= G —2-h G2

3.2.9 The slope of the tangent line at (0,4) is —1, thus the equation of the tangent to the graph of f at
(0,4)isy—4=-1(z—0)ory=—z +4.

3.2.10 The slope of the tangent line at (2, —1) is 5, thus the equation of the tangent to the graph of f at
(2,-1)isy—(-1)=5(zx—2) or y = 5z — 11.

1 1
3.2.11 f’($)=}‘i3(1] V2($+Z) Vi — lm (\/ﬁ—\ﬂ(xﬁ-h)) (\/_2?1:_+ 2(x+h))

b0\ hv2z\/2(z + 1) ) \V2z + 2z + k)
. —2h
= jim h2z,/2(z + h)(vV2z + \/2(z + b))
) 1

=W ey (VZ + 2+ 1) T (ap

s0, the slope of the tangent at (2,1/2) is f/(2) = _a—)l'a'ﬁ = —%, thus, the equation of the tangent

to the graph of f at (2,1/2) is y — % = —%(:1: —2)ory = —%x + E; the slope of the normal at
1
(2,1/2) is ——1—1 = 8 so the equation of the normal to the graph of f at (2,1/2) is y — 5= 8(x —2)
-8
31

=8z — —.
ory=_8z—-
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4
=7(r+h)% — é71'7'3 an (3r°h + 3rh? + h?)
3.212 f(r)=lim 3 - 3 - lim 3 -
4 (3r% + 3rh + h?
=}zin(1) 7r(r+3r + ):47”2,

so the instantaneous rate of change of V with respect to r is f'(4) = 47(4)? = 64.

dw(r+ h)? —4nr? 4x(2rh+ h?)
= lim
h h—0 h

= }311(1)477(21' + h) = 8,

3.213 f(r)=lim

so the instantaneous rate of change of .S with respect to r at r = 4 is f'(4) = 87(4) = 327.

(D+h)*—ZD? T (3D°h+3Dh? + h%)
3.214 f/(D)=lim 6 - 6 _ lim 6 -
D2 2
I +3Dh+h)=£D2,
h—0 6 2

thus, the instantaneoué rate at which V changes with respect to D when D =2 is
f(2) =52 =2m.

3.2.15 lirgl flz)= linll+ f(z) = f(1) = —4 so f is continuous at z = 1
T— 1" —

. fA+h) -

A h

m f(1+h’)L~‘

h—0+

so f'(1) does not exist.

3.2.16 y

159
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3.2.17 P is approximately 7.4 thousand

—— is approximately 7.4

d@t
P kP T4=KTas0k=1
@

3.2.18 T
=0 y=0

As z — 07 the tangent line is negative, while as z — 01 the tangent line is positive. Since the
tangent line’s slope does not approach 0 as z approaches 0, the derivative at £ = 0 does not exist.

3.2.19 1
\H\ -

x=0 y=2

There is no tangent line at = 2. Hence, there is no derivative at z = 2.
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SECTION 3.3
dy 323 + 522 + \/x dy z?+ 3z
3.3.1 Find = ify = ———Y, 3. ind — if y = .
in 7z 1Y - 3.3.2 Fmdda:lfy T
- 1
3.3.3 Find f"(2) if f(z) = -ﬁs + 315. 3.3.4 Find % if y = ~2 (¢® - 5z) (3+ 7).
3.3.5 Find f/(s) if f(s) = (3s% + 4)(s* — 9s).
2r+1
3.3.6 Find f'(z) if = .
ind £'(2) if f(z) = S
3.3.7 K f(3)=2f(3)=-1,9(3) = 3,4/(3) =0, find F'(3)
(a) F(z)=2f(z) - g(z)
1
(b) F(z)=5f(z)o(z)
1 f(z)
c) F(z)=-=—0<=
d*y 5 u? -5
3.3. Find S ify=—= — —=. 3. i "(u) i =—.
3.8 ind ) ify rial 3.3.9 Find f'(u) is f(u) S 1
. dy . 2 3
8.3.10 Find = if y = (z* - 2) (z* + 52).
.y dv . 2 1.3 .
3.3.11 Find — ifv=n{ah®* - =h®}, a is a constant.
dh 3
3.3.12 Find f'(2) if f(z) = (z* + 1) (2* — 22% + z).
3.3.13 Find equations for the tangents and normals to the graph of y = 4 — 3z — 22 at those points where
the curve intersects the z-axis.
3.3.14 Find equations for the tangents and normals to the graph of y = 6 — z — 22 at the points where
the curve intersects the z-axis.
3.3.15 Find the points on the graph of y = 223 — 322 — 12z + 20 at which the tangent is parallel to the
r-axis.
3.3.16 Show that the parabola y = —z? and the line £ — 4y — 18 = 0 intersect at right angles at one of
their points of intersection.
3.3.17 Find the equation of the tangents and normals to the graph of y = : —_’- 1 at T =2,
3.3.18 Find the equation of the tangent and normal to the graph of y = 10 — 3z — z? at the point where
the curve intersects the z-axis.
3.3.19 Show that the parabola y = 22 and the line z + 2y — 3 = 0 intersect at right angles at one of their

points of intersection.



SOLUTIONS

SECTION 3.3
3.3.1 y=32? +5:1:+:z:‘1/2s0d =6z+5— ! 732,
dr 2

5y U (7- 2:1:)% [#* + 3z] — (z? + 32) EW — 21]

dz (7 - 2z)2
_ (7T-22)(2z+3) — (2% +3z) (-2) 21 4 14z — 222
B (7 - 2z)? T (7-2x)?

333 f(z)=-8z"2+ %xs so f'(z) = 1627 + 2 and f"(z) = —482~* + 423, then
F1(2) = —48(2) ™ + 4(2)% = 29.

@.—_ 2 i T 7i 2 _
3.34 — 2[( 5x)dz[3+x]+(3+a:)dx[x 5]

= -2 [(s* - 5z) (72°) + (3 +27) (22 — 5)] = —182® + 80z" — 12z + 30.

3.3.5 fl(s)=(3s+ 4:)-;—'5‘[32 —9s] + (s* - 98)%[332 +4]
= (3s% + 4)(2s — 9) 4 (s? — 9s)(6s) = 12s° — 275% — 465 — 36.

d d
(= + 3z)d—$[2:v +1] - (2z+ 1)5 [#® + 3z]

3.3.6 f'(x)= s
_ (2 4+32) () - (22+1)(2z+3) 222223
B (a2 + 3z)° T (a2+8z)

3.3.7 (a) F'(z)=2f"(z)-d(z);
F'(3)=2f'(3)~g(3)=2(-1)-0=-2

(B) F() =3 [f(2)g'() + @) (@)}
F(3)=7 5 [F(3)9'(3) +9(3)f'(3)] = 2 5 (20) +B)(-1)] = _g
© Plo- L [aeESEiE)

lo(z)])?
, dBFG) - FRIE)]  1[B-1)-@O] 1
(@) Fla)=3 [ 4G ] 5[ @F ]'"6

d d?y
3.3. =—t1-5t2s =t2+10t2 = -2t~ 30t7%.
8 y t 5t dt =t""4+10t" and — T2 t

(3u? — 1)@[1;2 — 5] — (u? -~ 5)%[31;2 -1]

3.39 f'(uw)= G 1)
_ (Bu’—1)(2u) — (u? —5)(6u)  28u
B (3u? —1)2 B (Bur-1)?

3.3.10 %:(xz— )—[:1: +5z] + (2? +5:L') [:z: —2]

= (z® — 2) (32 +5) + (z® + 5z) (2x) = 5z* + 92% — 10.
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3.3.11

3.3.12

3.3.13

3.3.14

3.3.15

3.3.16

3.3.17

3.3.18

dv
7= (2ah — R?).

fllz)= (2 +1) % [* —22% + 2] + (x3—2z2+:1:)dii- [* +1]

= (z?+1) (32? — 4z + 1) + (2* - 227 + 2) (22)
=5zt — 8z + 627 — 4z + 1.

The curve intersects the z—axis when 4 -3z — 2> = 0; 2 = -4 orz = 1. f'(z) = —3 — 2z so the

slope of the tangent at z = —4is f'(—4) = ~3—-2(—4)=5andatz = 1is f/(1) = -3—2(1) = —

The equation of the tangent to y at (—4,0) is y — 0 = 5(x + 4) or y = 5z + 20 and at (1,0) is

y—0= —5(z —1) or y = ~5x + 5; the slope of the normal at z = —4 is — andatz =1 is
1

4
== é so the equation of the normal at (—4,0) isy — 0 = —%(x+4) ory= ——;—:1: ~E and at

. 1 1 1
(1,0) 1sy—0—g(:z:—1) ory=cr-<..
The curve intersects the z-axis when 6 —z —2? = 0; z = —3 or z = 2. f'(z) = —1 — 2z so the slope

of the tangent at x = -3 is f/(-3) = -1 —-2(-3)=5andat x = 2 is f'(2) = -1 ~2(2) = —
The equation of the tangent to y at (—3,0) is y — 0 = 5(z + 3) or y = 5z + 15 and at (2,0) is

1
y—0= -5(z — 2) or y = —5z + 10; the slope of the normal at z = —3 is — andatz =2 is

1 1 1 1 3
=g the equation of the normal at (—3,0)is y — 0 = —-5-(:c+3) ory=-—zr-g and at
2

1 1
2,0)is y—0 = =(z — _1._2
(2.0)isy~0=¢(z-2)ory=cz z
The tangent is parallel to the z—axis when f'(z) = 6% — 6z — 12 = 0, thus,
6(z—2)(x+1) =0,z =2 or z = —1 so the points on the graph of y are (—1,27) and (2,0).

Substit;te y = —z? into £ — 4y — 18 = 0 to get 42® + £ — 18 = 0. Solve for a:gto get £ = 2 or
1
T = -1 Place z — 4y — 18 = 0 into the slope intercept form to get y = yiaiey thus the slope

of the line is m; = 1/4. Differentiate y = —z2 to get Z—: = —2z so that the slope of a line drawn
tangent to y = —z? at = xg is my = —2z9. When z = 2, m; = 1/4 and my = —4, so the graphs

intersect at right angles since myms = (1/4)(—4) = —

1
The slope of the tangent to y = ﬁ- ism = d fz+1 ;
-1 dr |z —-1[,_,
d [z+1 (z—-1)—(z+1) -2 d fz+1
- =—|=—=| =-2 Whenz=29=3
dz [:1:——1] (z —1)2 (:1:—1)280m1 dr |z -1 __, e y 50
the equation of the tangent lineis y —3 = -2(z—2) or y = —2:1: + 7. The slope of the normal
toy = +1, ismy = LI S , so the equation of the normal is y — 3 = —(m—2) or
-1 my -2 2
= lx +2
¥=3
The curve intersects the z axis when 10 — 3z — 22 = 0; x = -5 or ¢ = 2. f'(z) = —3 — 2z so the

slope of the tangent at z = —5 is f/(—5) = 7 and at x = 2, is f/(2) = —7. The equation of the
tangenlt atz=-bisy=Tr+35andatz=2isy= -7z + 14. The slope of the normal at z = —5
1
1 f =
f’(-—5) -7 and the slope of the normal at = 2 is —— f’(2) 7
2

.7:=—5isy=—?a:—7andatm=2isy=7x—7.

The equation of the normal at
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3
3.3.19 Substitute y = z? into z + 2y — 3 = 0 to get 222 + z — 3 = 0. Solve for z to getx=1lorz= —3

1 3
Place z + 2y — 3 = 0 into the slope intercept form to get y = —E:z: + 2 thus, the slope of the line
1

ism1=——§.

d
Differentiate y = z? to get 34:- = 2z so that the slope of a line drawn tangent to y = z° at £ = z

is mg = 2zy. When g =1, m; = —l and my = 2, so the graphs intersect at right angles since

mums = <-%) 2) = -1.
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SECTION 3.4
3.4.1 Find f'(z) if f(z) = ztanz.
3.4.3 Find Z—Z if y = ﬂg
3.4.5 Find f(z) if f(z) = lf’%cx
3.4.7 Differentiate y = cf/c;.

. dy . 3
3.4.9 Find e if y = (2° + Tz) tanz.

3.4.11 Find f/(8) if f(6) = ——

1—2cosf’

3.4.2

3.4.4

3.4.6

3.4.8

3.4.10

d
3.4.12 Find % if y = 2xsinz — 2cosz + z cos x.

1+siné
1—sinf’

3.4.13 Find f/(9) if f(0) =

3.4.14

165

Find f"(z) if f(z) = rsinz.

Find d_y if y =secztanc.
dz

Find f'(x) if f(z) = (52® + 7) cos .

dy cos
ind = ify= ————.
Find dx ny 1l—sinzx
z

Find y"(z) if y = 12sinz + 5cosx + T

_ 1+tant

. dy .
Find —= lfy—-m

dt

d
3.4.15 Show by use of a trigonometric identity that E[tanx —z] = tan’z.

3.4.16 Show by use of a trigonometric identity that

di[w+cota:] = —cot’x
T

3.4.17 A 12 foot long ladder leans against a wall at an angle § with the horizontal as shown in the figure.
The top of the ladder is = feet above the ground. If the bottom of the ladder is pushed toward
the wall, find the rate at which z changes with § when § = 60°. Express the answer in units of

feet/degree.

Ladder

»
@

3.4.18 An airplane is flying on a horizontal path at a height of 4500 ft, as shown in the figure. At what
rate is the distance s between the airplane and the fixed point P changing with 6§ when 8 = 30°.
Express the answer in units of feet/degree.

< Airplane




SOLUTIONS

SECTION 3.4

3.41 f'(z) ==z (sec’z) + tanz(1) = zsec’ z + tanz.

3.4.2 f'(z) = z(cosz) +sinz(l) = zcosz +sinz;

f"(z) = z(—sinz) + cos (1) + cos T = 2cosx — xsin .

dy _z%(cosz) —sinz(2z) z’cosr —2rsinz rcosz —2sinx
343 == = = )
dz zt zt z3
dy _ 2 — qepd 2
3.44 Iy = 5¢¢ z(sec” ) + tanz(secz tanz) = sec® r + sec tan’ z.
—csc2 ) — -
3.45 fl(z)= (1 + cscz)(— csc® x) — cot z(—csex cot z)
(1 +cscz)?
_ —csctzx—cscPz +escxcot?z  csex(—cscx — csc? x + cot’ x)
- (1 + cscz)? - (1 + csczx)?
_cscx(—cscx—1) —cscx
(1+cscz)2 ~ 14cscx’

3.4.6 f'(z) = (52® + 7)(—sinz) + cos 2(10x) = —(5z° + 7) sinz + 10z cos

z/?(— csczcot ) — cscx (%x‘m)

dy
3.4.7 iz = -
—z2¢cscx cotz — 12‘1/2 csex
- 2 _ —2zcscrcotr —cscx
Bl z - 223/2
3.4.8 dy _ (1 —sinz)(~sinz) — cosz(— cosz) _-sinz+ sin? z + cos® z
&z T T
—sinz +1 1

(1—sinz)? 1-sinz

3.4.9 % = (2 +7z) (sec’ z) + tanz (322 + 7)
= (z* +7z) sec’z + (32% + 7) tanz.
3.4.10 3y =12cosx —5sinz + x°, ¢’ = —12sinz — 5cosz + 322

2sinf

3.4.11 f(6)= = 2c0s0)? (reciprocal rule).

3.4.12 -&% = 2z(cosz) + 2sinz(1) — 2(—sinx) + z*(—sinx) + cos z(2z)
2

=4rcosz +4sinx — z°sinz.

(1 —sinf)(cosf) — (1 4+ sinf)(—cosh)  2cosf

3.4.13 f'(e) = 1 —sind)? ; - (1 —sing)?’

dy (1 - tant) (sec’t) — (1 + tant) (—sec?t) 2sec’t

4.14 = .
3424 4 1 —tan?)? (1 tant)?

166
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d
3.4.15 —[tanz — z] = sec

dz

3.4.16 %[x +cotz] =1 —csc

3.4.17

# = 60°

3.4.18

0 =30°

2z —1=tan’r.

2y =—cot?r
. T
sinf = T
rz=12siné
dz
=1
%0 2cos@
dz 0 1
B~ 12cos60° = 12 (2> = 6 ft/degree
s
cscl = 2500
8= 4500csc@
ds
i —4500 csccot @
35| 45000 csc30° cot 30° = —4500(2)(v/3)

= —9000+/3 ft/degree

167
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Questions, Section 3.5

SECTION 3.5

3.5.1

3.5.2

3.5.3

3.5.4

3.5.5

3.5.6

3.5.7

3.5.8

3.5.9

3.5.10

3.5.11

3.5.12

3.5.13

3.5.14

3.5.15

3.5.16

3.5.17

3.5.18

3.5.19

3.5.20

3.5.21

3.5.22

3.5.23

Find f'(x) where f(z) = z2(sin 2z)°.

3

Find f'(:z:) where f(fl:) = m

Find f'(z) where f(x) = sin(tan2z).
Find f'(8) where f(8) = (8 + sin26)2.
Find f'(8) where f(8) = sin? (262 — 6)°.
Find f' (I’%) where f(z) = cos® 2z.
Find f' (%) where f(z) = sin? 2z.

Find f'(z) where f(z) = csc®4z.
Find f'(x) where f(z) = sec? (3z — z?).

Find f'(z) where f(z) = (z? — 3)3(2? + 1)%

Find d—z where y = (z +4)* (3z + 2)°.

d
2
Find d_y where y = (:z:+1>.
dz z—1

-1
Find y/(7) where y = (-;: + sin 1:) .

4
Find f'(t) where f(t) = (% + -tlg) .

Find equations for the tangent and normal lines to the graph of f(z) = sin (4 - :1:2) at z = 2.
Find equations for the tangent and normal lines to the graph of f(z) = z cos4z at z = w/4.
Find f'(z) where f(z) = (z* + 3z)%

Find f'(z) where f(z) = Vz5+2z+3

d
Find o [z2y3 - %] in terms of z, ¥ and Z—Z assuming that y is a differentiable function

d
Find I [sin /22 + y%| in terms of z, y and % assuming that y is a differentiable function of x.

Find % [tan(z?\/7)] in terms of 7, y, (:i—f and ‘(11_1: assuming r and y are differentiable functions of ¢.

Given that f(1) = 2, f'(1) = 4 and g(z) = (f(z)) 3, find ¢'(1).

Find (f o g)'(0) if f'(0) = 4, g(0) = 0 and ¢'(0) = 2.



SOLUTIONS

SECTION 3.5
3.5.1 f(z)= xzﬁ [(sin2z)%] + (sin2x)3% [z7]
= z2(3)(sin 2z)2%[sin 2z] + (sin 2z)3(2x)

= 3z%(sin 2x)2 cos 2:1:% [2z] + 2z(sin 2x)3

= 622 cos 2x(sin 2z)% + 2x(sin 2z)3

= 2(sin 22)%(3x cos 2z + sin 2z).

3.5.2 f(z)=3(-3)(e®—2z+2)"* % [® - 2z + 2]

- 18(1 — x)
=-9(22 -2z +2 Yor-2) = — -0
(@ -2 +2) (20 -2) (2 - 2z + 2)*
, d , . d .
3.5.3 f'(z) = cos(tan 2z)a[tan 2z] 3.5.4 f'(6)=2(6+sin 20)@[9 + sin 26]

2 d . d

= cos(tan 2z)(sec 29:)%[22:] = 2(6 + sin 26)(1 + cos 20% [26])

= sec? 2z cos(tan 2z)(2) = 2(8 + sin 260)(1 + 2 cos 26).

= 2sec? 2z cos(tan 2z).
3.5.5 f(8)=2sin(26? — 9)3% [sin(26% — 6)°]
= 25in(26% — 6)* cos(26% — 0)3% [(26% - 6)?]
= 25in(26% — 0)3 cos(26% — 6)3(3)(26% —- 0)23‘% [26% - 6]
= 6(20° - 8)?sin(26% — 0)3 cos(26% — 0)%(40 — 1)
= 6(40 — 1)(26% — 0)? sin(26% — )3 cos(26% — )3
or 3(46 — 1) (26° — 6)*sin2 (26% — 6)°.

3.5.6 f'(z)=3cos’ Zx%[cos 2z)

d
= 3 cos® 2z(—sin 2z) 7z [2z]
= —3 cos? 22 sin 22(2)

— —6cos? 2z si (%) =3
6cos“2zrsin2z, so f (12 g

169



170 Solutions, Section 3.5

d d
3.5.7 f'(z)=2sin 2x£[sin 2z] 3.5.8 f'(x)=3csc? 4:1:E[csc4m]
= 2sin 2z cos 2wi [2z] = 3 csc? 4x(— csc 4 cot 4x) i[4:10]
dz dz
= 45in 2z cos 2z, so f (%) =2. = —3csc® 4z cot 4z(4)
= —12csc? 4z cot 4z.

3.5.9 f'(x)=2sec (3z — z?) % [sec (3z — z%)]

= 2sec? (3z — z?) tan (3z — z?) % [3z — 2]

= 2sec? (3z — z°) tan (37 — 2%) (3 — 22)
= 2(3 — 2z) sec® (3z — z°) tan (3z — z?).
3.5.10 f(z)= (s*-3)° % (@ +1)] + @2 +1)° % [@*-3)"]

= (z*-3)°(2) (@® +1) dd

& ] @41 @) @ -9 L 3]

=2(z? +1) (z® - 3)3 (2z) + 3 (z* + 1)2 (a? - 3)2 (2z)
=4z (2? +1) (2% - 3)° + 62 (22 + 1) (a? - 3)°
=2z (2 + 1) («? - 3)" (5% - 3).
3.5.11 % = (z +4)*(3)(3z + 2)2%[39; + 2]+ (3z +2)*(4) (= + 4)3%@ +4]

=3(z + 4)*(3z + 2)(3) + 4(3z + 2)%(z + 4)3(1)
= (z +4)%(3z + 2)%(21x + 44).

3512 ¥ _o (””“) 4 [””“] =2("’+1) [(x—l)(l)—(mﬂ)(l)]

dz z—-1/de [z—-1 r—1 (x~1)2
_ —4(x4+1) 4z+1)
S (z-1p T (1-a)¥

3.5.13 y(z)=-(z"1+ sin:::)_2 % [z7! +sinz]
=— (27! +sin :z:)_2 (=272 + cosz)

1 . Y%7 1 2
soy'(w):—(;+sm1r) (—F+cos7r)=7r +1.
/ -1 n3d g o
3.5.14 fl(t)=4(t"+t¢ )a[t +17%
3
PP SHRE X PP TPV SN S Y R ]
=47+t (-2 = 4<t+t2) (t2+t3 .

3.5.15 f'(z)= cos (4 — z?) % [4 - 7]
= cos (4 — ?) (—2z) = —2z cos (4— z?),

so the slope of the tangent to the graph of f at z = 2 is f'(2) = —4 cos0 = —4, thus, the equation
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of the tangent to f at (2,0) is y — 0 = —4(z — 2) or y = —4z + 8; the slope of the normal to f at

1 1
r=2is —— = 7% the equation of the normal to f at (2,0) isy — 0 = i(z—Z) ory= o r—.
3.5.16 f(c) = o-2[cos dz] + cosdz-L [z]
dz dz
. d
= z(—sin4x)—[4z] + cos4z(1)
dx
= —4rsin4r + cos4zx,
T, (T dm | 4m 4n
so the slope of the tangent to the graph of f at ¢ = i f )= 7 sin T + cosT = -1,

. Tomy ., i b .
thus the equation of the tangent to f at (Z’ _Z) isy— (—Z) =— (:z: - 4) or y = —x; the slope

of the normal to f at z = w/4 is g = 1 so the equation of the normal to f at (%,—%) is
(D)= f e
v\ =Fmg)orv=eo g

3.5.17 f'(z)=52(z*+ 3:1:)51%(9:4 + 3z)
= 52(z* + 32)% (42° + 3)

1
"(z)= —(z°+2z+3
_ 5zt +2
22 + 22+ 3

3.5.18

d 21 L i, e -]
3.5.19 —- [$2y3—ﬁ] =$Zﬂ[y3]+y3ﬂ[z2] —_ e

[yz(l) — z(2y) %]

y4

d
= z? (Byzd—z) +3(2z) -
dy
[y 2xda:]
y3

dy dy
2,5 6 _
[3:1: iz +2zy’ -y + 2z d:z:]

=3z

d
2 2dy +2:1:y

=y3 [a:(3:cy5 + 2)% + y(2zy® — 1)]

3.5.20 ddx [sm \/.1:2_4—7] = COS \/:1:2 + y2 [\/:1:2 + yz}
= cos /22 +? (%(:1:2 +y2)~1/2 (2z + Zyg—Z)
cos /T2 + 12 (a: + yj—i)
B Vi + 2

_10 @
@+ )
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3.5.21 dit[tan(mz\/ﬂ)] = [secz(mZ@]%[m2Jﬂ
= [sec’(z*\/7)] (acz%[\/ﬂ] + \/?jg—t [.’1:2])
= besteyil [« (12705 ) + 5 (225 )|
[Secz(m2ﬂ] [2\/_ gt + 2z \/_%]

[w“i;t/ 4ydt]
= 20,2
= 2 sec”(z°,/y)

8.5.22 g(z) = (f(=)~,
9(z) = -3(f@) ™ = f(a) = -3 (@) (@) so
g = -3(FW) £ = -3 =

3.5.23 (fog)'(z) = f'(9(x))d'(z) so
(f09)'(0) = £ (9(0)) g'(0) = f'(0)g'(0) = 8

Solutions, Section 3.5
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SECTION 3.6

3.6.1

3.6.2

3.6.3

3.6.4

3.6.5

3.6.6

3.6.7

3.6.8

3.6.9

3.6.10

3.6.11

3.6.12

3.6.13

3.6.14

Lety =2° — 1.

(a) Find Ay if Az =1 and the initial value of z is z = 1.

(b) Find dy if dz =1 and the initial value of z is z = 1.

(c) Make a sketch of y = 2° — 1 and show Ay and dy in the picture.
1.

Lety = E:v +1.

(a) Find Ay if Az =1 and the initial value of z is z = 1.

(b) Find dy if dz = 1 and the initial value of r is z = 1.

(c) Make a sketch of y = %.’f + 1 and show Ay and dy in the picture.
Use a differential to approximate v14.

Use a differential to approximate vo.

Use a differential to approximate v/29.

Use a differential to approximate v10.

Use a differential to approximate (1.98)%.

Use a differential to approximate cos58°.

Use a differential to approximate sin 31°.

Use a differential to approximate tan43°.

The surface area of a sphere is given by S = 4mr? where r is the radius of the sphere. The radius
is measured to be 3 cm with an error of £0.1 cm.

(a) Use differentials to estimate the error in the calculated surface area.

(b) Estimate the percentage error in the radius and surface area.

The surface area S of a cube is to be computed from a measured value of its side x. Estimate
the maximum permissible percentage error in the side measurement if the percentage error in the
surface area must be kept to within +4%.

A circular hole 6 inches in diameter and 10 feet deep is to be drilled out of a glacier. The diameter
of the hole is exact but the depth of the hole is measured with an error of £1%. Estimate the

percentage error in the volume of ice removed. (V = %dzh is the volume of a cylinder of diameter
d and height h.)

The pressure P, the volume V, and the temperature T of an enclosed gas are related by the Ideal
Gas Law, PV = kT where k is a constant. With the temperature held constant, the volume of the
gas is calculated from a measured value of its pressure. Estimate the maximum permissible error
in the pressure measurement if the percentage error in the volume must be kept to within +2%.
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3.6.15

3.6.16

3.6.17

3.6.18

Questions, Section 3.6

k
The magnetic force F acting on a particle is given by F = —» Where 7 is the distance from the
magnetic source and k is a constant. r is measured to be 3 cm with a possible error of +6%.
(a) Use differentials to estimate the error in the calculated value of F.

(b) Estimate the percentage error in F and r.

When a cubical block of metal is heated, each edge increases by 0.1% per degree increase in
temperature. Use differentials to estimate the percentage increase in the surface area and volume
of the block per degree increase in temperature.

When a spherical ball of metal is heated, the radius of the sphere increases by 0.1% per degree
increase in temperature. Use differentials to estimate the percentage increase in the surface area
and volume of the ball per degree increase in temperature.

(S =4rrland V = §FT3.)

The area of a circle is to be computed from a measured value of its diameter. Estimate the maximum
permissible percentage error in the measurement if the percentage error in the area must be kept
within 0.5%.



SOLUTIONS
SECTION 3.6

3.6.1 (a) Ay=(z+AzP-1-(B-1)=01+1)P2-1-013-1)=7
(b) dy =32%dz =3(1)*’(1) =3
() o

Y

3.6.2 (a) Ay= E(m+Az)2+ 1] - Bz2+ 1}

= [%(1+1)2+1] — [%(1)%1] =g
(b) dy=zdr=(1)(1)=1
(©

3.6.3 Let f(z) = vz, Tp = 16, Az = —2, then f'(2) = im‘f‘/"‘ and ¢+ Az = 14 so

f4)~ f(16) + f'(16)(-2)

1
~VI6+ ———(—2) =2 —
‘/_6+4(16)3/4( 2) =2

131
16~ 16°

3.6.4 Let f(z) = vz, zo =8, Az = 1, then, f'(z) = %z‘m and zo+ Az =9, so

FO)~ f(8)+ f(8)(1)
3 1 1 25
z\/§+w(l)=2+ﬁzﬁ.

3.6.5 Let f(z) =/, zp = 32, Az = —3, then f'(z) = %x“‘lﬂ" and zg + Az = 29, so

£29) = £(32) + /(32)(-3)
SV (Y =2 =

1
5(32)4/5 80 80

175
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3.6.6

3.6.7

3.6.8

3.6.9

3.6.10

3.6.11

3.6.12

Solutions, Section 3.6

Let f(z) = ¥z, 0 = 8, Az = 2, then f'(z) = %x—2/3 and g + Az = 10, so

f(0)= £(8) + £'(8)(2)
. 1 113
z\/§+W(2)=2+6 =5

Let f(z) = 2%, s0 79 = 2, Az = —0.02, then f'(z) = 4z° and z¢ + Az = 1.98, so

f(1.98)~ £(2) + £(2)(-0.02)
~ (2)* +4(2)%(~0.02) = 16 — 0.64 = 15.36.

Let f(z) = cosz, zp = 60° = g— radians, Az = -2° = ;—g radians, then, f'(z) = —sinz and

2
T+ Az = % radians, so

1(%)=1®)+ () (F) =53 ()

1 \/5 T
== — (—} =~ 0.5302
5 +5 (55) ~0.58
Let f(z) = sinz, zp = 30° = -g- radians, Ax = 1° = 178r—0, then f'(z) = cosz and
2o+ Az = 31w
0 T = 180,80
31w T , (T T . Ty T
! (1_86) ’”f(E) +f (E) (I§6)~8m6 Feosg (180)
1 3/«
~ 5 + -‘5- (Is—a) =~ 0.515.
Let f(z) = tanz, 9 = 45° = Z— radians, Az = -2° = —;02 radians, then f'(z) = sec’z and
T +A:z—-gﬁ S0
0 ~ 180’

(8) =1 Qs () () =m0 ()

(a) ds=8nrdr=_8n(3)(+0.1) = +2.4n

+0.1
(b) The relative error in the radius is ~ % = % = £+0.033 so the percentage error is =~ +3.3%;
the relative error in the surface area is
d 8nr d d
~ ?s = I—;;—: = 271' = 2(=%0.033) = +0.066 so the percentage error in the surface area is
~ 16.6%.

The relative error in § is ~ % where S = 62% and dS = 12z dz, thus

dS 12zdx dz dx
— = 2 SO — =

1 ds . 1
T = e — i, % (—) (——) and the percentage error is ~ §(i4%) = +2%.

2 S
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3.6.13

3.6.14

3.6.15

3.6.16

3.6.17

3.6.18

\4 1
The relative error in V is = dV where V' = lr-dzh, but d is exactly 6 inches or 3 foot so V =

2 I dh
T (%) h= 17r_6h and dV = dh S0 av = —1-Q— = dh = 001 = £0.001, thus the percentage

4 \ % h h 10
16
error is V ~ £0.1%.
kT P
kT kT v " p2 dP . .
v = B , then dV = ———dP (T held constant) so v = kT =-5 ¥ relative error in
P av P
P, thus —P- = —T/- = —(:*:2%) = 3+2%.
2k —2k(+0.06)  +0.04k
(a) dF = —ﬁdr = BE =—g = +0.0044k.
. . dr 0.06 ' . .
(b) The relative error in r = - = :i:—3— +0.02 so the percentage error in r is +2%; the
—2k d
. . dF e dr
relative error in F' = i —2— = —2(40.02) = £0.04 so the percentage error
)

in F is +4%.

The surface area of the block is S d= 62> a.nd the relative error in the measurement of the surface
area is approximately 5 = % = _:1:_ = 2(+0.001) = +0.002 so the percentage error is

S =~ 10.2%; the volume of the block is V = z° and the relative error in the measurement of the

3z%d
volume is = % = % = ‘—1-;— = 3(40.001) = £0.003 so the percentage error in V = +0.3%.

The relative increase in the surface area of the sphere is

d
= a _ é%@ 2d = 2(£0.001) = +0.002, so the percentage error is £0.2% where _f. is

the relative increase m ra,dlus of the sphere; the relative increase in the volume of the sphere is

dv —7l'(37‘2d’l") dr

approximately —— v = —4— = 3— = 3(+£0.001) = +0.003, so the percentage error is +0.3%.
—rd
3
I P . . .. dA (#D/2)dD dD dD  1dA
A= 4‘er where D is the diameter of the circle; x = <D*/4 = 2 5D — 324
but %:14 +0.005 so il]—])')- & :hO 005 %2 = £0.0025; maximum permissible percentage error in

D =~ +0.25%.
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SUPPLEMENTARY EXERCISES, CHAPTER 3

In Exercises 1-4, use Definition 3.2.1 to find f'(z).

1. f(z)=kz (k constant). 2. f(z) =(x—a)® (a constant).
3. f(z)=+v9—4x. 4. f(z)=$+1.

5. Use Definition 3.2.1 to find i[|:1:|3
dz z=0

2
-1, r<l1
6. Suppose f(z) = { Kz —1),z>1.
For what values of k is f
(a) continuous (b) differentiable?
7. Suppose f(3) = —1 and f'(3) = 5. Find an equation for the tangent line to the graph of f at z = 3.
8. Let f(x) = x> Show that for any distinct values of a and b, the slope of the tangent line to y = f(z)
at z = %(a + b) is equal to the slope of the secant line through the points (a,a?) and (b, b?).

9. Given the following table of values at z = 1 and £ = —2, find the indicated derivatives in parts (a)-(1).

z | flz) fl(z)|9(x) d(x)
1 1 3 -2 -1

-2 -2 -5 1 7
(a) (=) - 3g(az?]|_ (b) —lf(@(=)]_
d [£() d [o(z)
& [569] - @ 7]l
(&) {fg(a|_ 0 <lfeE]|_,
& @], (B) lolo@)]|_,
() S1f(o(a—6a))| 0 @i,
®) S(V/F@|_, W i3]
10. Use a graphing utility to show y = /|22 — 9| is not differentiable everywhere.

In Exercises 11-16, find f'(z) and determine those values of z for which f'(x) = 0.

1. f(z) =(2z+7)%z - 2)° 120 f(@)= E;:L?:



Chapter 3 179

_ 1\1/3
15. f(x)=3(%—_15)—. 16. f(z)=+VzvVa2+z+1.

17. Suppose that f'(z) = 1/z for all 2 # 0.
(a) Use the chain rule to show that for any nonzero constant a, d(f(az))/dx = d(f(z))/dzx.

(b) Ify= f(sinz) and v = f(1/z), find dy/dx and dv/dz.

In Exercises 18-27, find the indicated derivatives.

2
w £ (%-2) 0. Wiy 2T
20. % rnft if z = 4sin®r cos?r. 21. ¢'(2) if g(z) = 1/V2x.
22. Z—Zifu:(xfl)_2. 23. Z—fifw={/v3—\‘/5.
24. d(sec’z — tan’z)/dz. 25. % o/t if y = tant and ¢t = cos(2x).
26. F'(z)if F(z) = ﬁ%% 27, ¥'(z)if B(z) = ””;‘/;x.

28. Find all values of z for which the tangent to y = z — (1/z) is parallel to the line 2z — y = 5.

29. Find all values of = for which the tangent to y = 22® — 2 is perpendicular to the line = + 4y = 10.
30. Find all values of  for which the tangent to y = (z + 2)? passes through the origin.

31. Find all values of z for which the tangent to y = z — sin 2z is horizontal.

32. Find all values of z for which the tangent to y = 3z — tanz is parallel to the line y — z = 2.
In Exercises 33-35, find Az, Ay, and dy.

33. y=1/(z —1); = decreases from 2 to 1.5.

34. y=tanz; z increases from —7 /4 to 0.

35. y = /25— z2?; z increases from 0 to 3.
36. Use a differential to approximate

(a) v/—8.25 (b) cot46°.

37. Let V and S denote the volume and surface area of a cube. Find the rate of change of V with respect
to S.

38. The amount of water in a tank ¢ minutes after it has started to drain is given by W = 100(t — 15)2
gal.
(a) At what rate is the water running out at the end of 5 min?

(b) What is the average rate at which the water flows out during the first 5 min?

39. Verify that the function y = cosx — 3sinzx satisfies " + 3" +y' +y = 0.
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LS = oy S
2. fl(a)=lim (‘”“Lh‘“)Z‘ (z—a)® _ lim[2(z — a) + h] = 2(z — )

i VI AT R -v0=T5 _ | [9-4(z+h)-[9—43]

3. flx)=1 =
f= h—0 h h=0 h(1/9 — 4(z + h) + /9 — 4x)
, -4 2
= lim - —
W0 94zt h)+v9—4z O9—4z
z+h x
oyt TR+l z+1 . (THA)(z+1)-—z(z+h+1)
4 fla)=lim 3 = T R DETh D)
i 1 1
Th @+ )(@thtl) (@+l)?
d s o O+RE-JOP L RP _
EEEAGE I - = a - LU

6. (a) f is continuous everywhere for all k, except perhaps at z = 1;
lim f(z) = lim (2" ~1) =0, lim f(z) = lim k(z —1) = 0, and f(1) = 0 thus lim f(z) = (1)
T—1- z—1" z— — r—
for all k, so f is continuous for all k.

(b) f is differentiable everywhere for all k, except perhaps at z = 1. Using the theorem that precedes
Exercise 71, Section 3.3, liI{I fl(z) = 111{1 2z = 2 and
r—l- r—1-

z—1t

lim f/(z) = lim k = k; these limits are equal if k = 2, so f is differentiable if k = 2.
1+

7. y—(-1)=5(z—-3),y=>5z—16.

8. fl(zx) =2z so mi = f (aT-i-b) =a+b, but mge = b::f =b+aif a # b S0 My = Maec-
9. (a) 2f(z)f'(z) -3¢ (z%)(2x)|,_, =12 b) f(z)d(z)+ f(z)9(z)|,y = -7
(© {I@-1@E@| @ @@ -s@rE|  __o
g2(z) z=—2 f2($) r=-2 4

(@) f'9(x))g (z)l,= = f(9(1))g'(1) = f(-2)(-1) =5

(£) f(9@NG (@) pmez = f(9(-2))d'(-2) = F'(1)(7) =21

(8) 9'(f(@)f(@)lee = 9'(f(-2))f'(-2) = ¢/ (—2)(-5) = 35

(h) ¢'(9(z)g (@)|ms = 9'(9(~-2))g'(-2) = g AN(T) = -7

(1) f'(9(4 - 62)g (4~ 6x)(—6)l,_; = f'(9(—2))g'(—2)(-6) = F'(1)(7)(—6) = —126
() 3¢*(@)g (@), = 3(-2)*(-1) = ~12

) FUEME@| =507 =5

M) f(-z/2)(-1/2),__, = _;

180
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10.

11.

12.

13.

14.

15.

16.

17.

18.

X=0 =3
The graph changes direction abruptly at £ = —3 and = = 3. The function does not have a derivative
atx =—-3oratz =3.

(@)= 2z +7)%(z — 2)* + (z — 2)%6(2z + 7)5(2)
= (22 + 7)°(z — 2)*[5(2z + 7) 4+ 12(z — 2)]
= (2z + 7)%(z — 2)*(22z + 11) = 112z + 7)%(z — 2)*(2z + 1)

so fl(z) =0ifz = -7/2,2,-1/2.
(22 + 22)4(z — 3)° — (= — 3)4(2z + 2)

f@)= (22 + 2z)?
_ (z—3)%4(2? + 22) — (z — 3)(2z + 2)]
B (z? + 2z)?
_ (=3P +12c+6)  2(z—3)3(z® + 61 +3)
B (22 + 2z)2 B (x2 + 22)?

so f'(x) =0if £ — 3 =0 or if 22 + 6z + 3 = 0; the solution of z — 3 = 0 is = = 3, and the solution of
2?4+ 62+3=0isz=-3+6.

£(@)= (32 + )22 = 1) + (2 - 115 Bz +1)2(3)
_ (zx—1)(15z + 1)

2v3x+1

= 23+ 1) (e~ 1){4(32 +1) + 3(z - 1)

so f'l(z) =0ifz = —1/15,1.

2 2
Flz)=3 [3:::;; 1] z2(3) - (:i:;: +1)(2z) _  3(3z+ 2:1):53x+ 1) s f(z) = 0 if & = —2/3,~1/3.
1oy — o, (38 =5)(1/3)(5z — 1)72(5) — (52 — 1)'/3(3)
f(:L‘)—-—3' (31;_5)2
_ (5x—-1)PBBz—5)-9(5z—1)]  —2(15z+8)
- (3z - 5)2 " (32 —5)%(5x — 1)2/3

so f'(z) =0if z = —8/15.
fl@)=2"2(1/30(2? +z + 1) P2z +1) + (e +z + 1)Y3(1/2)z~ 12
= %:1:"1/2(:172 +z+1)P2z(2z +1) +3(z + 2 + 1))

T2 +5z+3
 6zl/2(z? + z +1)28

but 7z* + 5z + 3 = 0 has no real solutions so there are no values of z for which f'(z) = 0.

(a) by the chain rule;

2 f(a2)] = £(02) e (a2) = ~(0) = = L [5(a)]
(b) % = f'(sina:)%(sina:) = s—i}l—i(cosx) = cot z;
G = P /) = s(-1/a) = -1

d 22 1\ _ 3,2
dm(\/iz e ) = —2v22 +zo
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19.

20.

21.

22,

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

Solutions, Supplementary Exercises 3

dz (@2 — 1) @ — 1)

dy _ (z? — 1)(6z) — (322 + 7)(22) _ 20z

z = (2sinrcosr)? = sin 2r so % = 2(sin2r)(cos2r)(2) = 2sin4r

and — = 2sin(27/3) = V3
dr r=n/6

(@) = (20) ™V 50 ¢ (@) = ~5(20)¥4(2) = ~1/(22)""* and '(2) = ~1/4* = ~1/8

v= % 1]2 = (-2 s0 2 =201 - sz =2z - 1)/a"

w= (- )" s R GO (gvz - ;.,—3/4)

dx(sec z —tan®zx) = d:z:(l)_o

dy dy 9 . e _ _
Ir = @t 4o = 5C t(—2sin2x), if x = m/4 then t = cos(n/2) =0
dy — anp? : —
50 —= = sec”(0)(—2sin(r/2)) = -2
dz r=n/4
2z + 423 2z(1 4 22?) ,
F(z) = TR it =2z so F'(z) = 2.

B(z) = (:1:3/2 - 4.»,;1/2) /5, T # 050 &'(z) = % (:;’-xlﬂ - 2:,;-1/2) = (1/10)(3z — 4)/vz

y' =1+ 272, and the slope of 2z — y=>5is 2 so we want 1 + 272 = 2 which gives 22 =1, £ = +1.
y' = 6x% — 2z, and the slope of  + 4y = 10 is —1/4 so we want 6z — 2z = 4 which results in
z=-2/3,1.
¥ = 2(z + 2) so at (xo, f(z0)) the tangent line is y — f(zo) = 2(xo + 2)(z — z0), or
y — (7o + 2)% = 2(29 + 2)(z — zo). But if the line passes through the origin then z = 0, y = 0 must
satisfy the latter equation thus —(zo + 2)? = —2x¢(zo + 2) which leads to (2o + 2)(zo — 2) = 0 so
To = —2,2.
Y’ = 1 — 2cos 2z; the tangent is horizontal where 1 — 2cos2z = 0 so cos 2z = 1 /2,
2c = +7/3+ 2kw, x = /6 + kv where k = 0,4+1,42---.
¥ = 3 —sec? z, and the slope of y — z = 2 is 1 so we want 3 —sec? z = 1 which gives sec?
+V2, = /4 + kn/2 where k = 0,£1, 42, - - -.
Az =15-2=-05 Ay=y|,_15— Y, =2-1=1,
dy 1

dy = = -

VT @l @-1?
Az =0-(-n/4)=7/4 Dy = yl,g— Ylpegpp =0—-(-1) =1,
dy = sec’(—n/4)(n/4) = n/2.

Az =3-0=3,Ay=y|,_3 ~Y|,o = V16 - V25 = —1,

T =2secT =

de = (—0.5) = 0.5.
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36. (a) Consider y = f(x) = ¥/z with z = —8 and dz = —0.25 = —1/4, then
F(—8.25) = f(—8) + dy, V/—8.25 ~ V=8 + %(—8)‘2/3(—1 /4) = —2 — 1/48 = —97/48.
(b) Consider y = f(z) = cotz (z in radians) with = 45° = 7/4 radians and
dz = 1° = 7 /180 radians, then f(7/4+ 180/7) =~ f(n/4) + dy,
cot 46° = cot 45° + (— csc? 45°)(w/180) = 1 — x/90.
37. V = z® and § = 62® where z is the length of an edge thus £ = (5/6)Y% so V = (5/6)*?2 and
dv/dS = (3/2)(S/6)V*(1/6) = 1/S/6/4.
38. (a) dW/dt|,_; = 200(t — 15)|,_; = —2000 so water is running out at the rate of
2000 gal/min.
(b) average rate of change of W = (W|,_s — W|,_,)/5 = (10,000 — 22,500)/5 = —2500 so water
flows out at an average rate of 2500 gal/min during the first 5 minutes.
39. y=cosz—3sinz,y = —sinz — 3cosx, ¥y’ = —cosx+ 3sinz, y"” =sinz + 3cosz
soy'+y"+y +y=(-3-1+3+1)sinz+(1-3-1+3)cosz =0.



CHAPTER 4
Logarithmic and Exponential Functions

SECTION 4.1

4.1.1

4.1.2

4.1.3

4.14

4.1.5

4.1.6

4.1.7

4.1.8

4.1.9

4.1.10

4.1.11

4.1.12

4.1.13

4.1.14

4.1.15

4.1.16

Find f~l(z) if f(z) =4 +2°.
Determine whether or not f(z) = (z — 1) is a one to one function on [2,4].
Determine whether or not f(z) = 2z + 3 is a one to one function and if so, find f~*(z).

Determine whether or not g(x) = v/2z + 1 is a one to one function and if so, find g~!(x) and specify
its domain.

Show that f(z) = 22 + 4z + 9 is not a one to one function. Modify the domain of f so that it will
be a one to one function.

Show that f(z) = v/4 — z2 is not a one to one function. Modify the domain of f so that it will be
a one to one function.

Find f~Y(z) if f(z) = for > 0 and specify the domain of 1.

28 +1
Find f7(~1) if f(z) = —22° + -;-.
2z +3

4r —2
(b) What does the result in (a) tell you about the graph of f?

(a) Show that f(z) = is its own inverse.

z—5
2z -1
(b) What does the result in (a) tell you about the graph of g?

(a) Show that g(z) = is its own inverse.

Find f~(z) if f(z) = %2z + 9.
Determine whether or not f(z) = 2z° + 2® + 7z — 5 is a one to one function.

(a) Show that f(z) = z® — 52 + 6z + 1 is not one to one on (—oo, +00).
(b) Find the largest value of k such that f is one to one on the interval (—k, k).

Find g~!(4) if g(z) = 2z + 3.

Find f~(z) if f(z) = 2v/z — 1 and specify the domain of f~1.

Find f~(z) if f(z) = -g + 4 and specify the domain of f1.

185



SOLUTIONS
SECTION 4.1

411 y=fYz),z=fly) =4+, P =z~ 4,y =z - 4.

4.1.2 f'(z) =2(z—1) > 0 for z in [2,4], thus since f is an increasing function on [2,4] it is a one to one
function and does possess an inverse.

4.1.3 f'(z) = 2 > 0 so f is an increasing function on (—oo, +00) and is a one to one function. Let

y= f'l(z),thenxzf(y) =2y+3,y= z;

1
414 ¢(z)= WorE > 0 thus, g is an increasing function on (—1/2, +00) and is a one to one function.

2241

Lety =g '(z), thenz = g(y) = /2y + 1, 2y + 1 = 2%, y = 5

for z in [0, +00).

0
4.1.5 f'(z) =2z +4, sign of 2z +4, '—"#-—*;

a decreasing function on (—o0, —2) so f is not a one to one function on (—00,+00), however, f is
one to one on (—00, —2] or [-2, +00).

thus, f is an increasing function on (-2, +00) and

0
-z ++4+|---
Ji-z2' =2 0 2
decreasing function on (0,2) so f is not a one to one function on (-2, +2), however, f is a one to
one function on (—2,0] or [0,2).

4.1.6 f'(z) =

sign of (—x); thus, f is an increasing function on (—2,0) and a

1 1—zx 1-
7y3= ,?/=3

z
fi 0.
yy+1 z T y forz #

4.1.7 y=fYz),z=f(y) =

_ 7 7 -8z ~ 15
418 y=fT)o=fW)=-W+gy= 150D ={

243
419 (a) f(f(z))= 2(;;:3) +3 _ 4w +6+12:-6
4(E) -2 8 +12-8z+4

(b) The graph of f is symmetric about the line y = .

=z thus f = f71.

Z5) -5  £-5-10c+45
4.1.1 =~ =
0 @ oo@) =3y = 50— sar1

(b) The graph of g is symmetric about the line Y=z

=z thusg=g1

_ z? -9
4111 y=f7(), o= fly) = VI +9, 2’ =2+ 9,y = ——.

4.1.12 f'(z) =10z + 322 +7 > 0 for (—00,+00) then f is an increasing function and also a one to one
function.

186
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4.1.13 (a) f(z)=12*-52"+6z =z(z - 2)(z— 3) so £(0) = f(2) = f(3) = 0 thus f is not one to one.

10+/100-72 5+ 7
5 = :

(b) f’($)=3$2—-10:1:+6=0whenx= 3

fllzy>0ifzx < 5_3ﬁ
5—\/'7<$<5+\/'7
3 3

(f is increasing),

fl(z) <0if (f is decreasing),

3 _3ﬁ) on both sides of 5 —3\/'7 thus 5 —3\/7 is the

so f(z) takes on values less that f (

largest value of k.

- -3 _ _
4114 y=g7(2),s=9(s) =2 +3,y="—— =g (@) sog7'(4) = 1/2

244

4115 y=fYa),z=fy)=2y— 1,22 =4(y-1),y= Z for z > 0.

4116 y=fYz),z=f(y) = -‘—/3—-5 +4, Jy=3(z—4),y =9z —4)* for z > 4.
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Questions, Section 4.2

SECTION 4.2

4.2.1 Find the exact value for log, 32 without use of a calculator.

4.2.2 Find the exact value for log, 56 without use of a calculator.

4.2.3 Find the exact value for log, (61_4) without use of a calculator.

4.2.4 Solve for z if 5 = 625.

4.2.5 Solve for z if 6 = 1/216.

4.2.6 Find the domain of f if f(z) = log;o(4z — 3).

4.2.7 Find the domain of f if f(z) = logs (z® — 4).

4.2.8 Show that, to any base, 2logsin 6 = log(1 — cos8) + log(1 + cos ), 0 < § < 7.

6
4.2.9 Show that log, 5~ log, 300 + log, 126 = — log, 2.
256
4.2.10 Show that log, > + log, — +log, 3 + log, 1 = log, 3.
32 3 8 3

4.2.11 Show that log, 3/ — lo i-—lo l—210 T

b Sa La \/;3 Ea 3 - Ba T-
4.2.12 Show that

s [(z+2)3 1 1 )
log, g = log,(z +2) — 3 log,(z —2) — 3 log, (z* + 2z + 4).

4.2.13 Solve for x if 3% = 971,
4.2.14 Solve for z if log, z + log,(z + 2) = 0.
4.2.15 Solve for z if logp(z + 1) — logy(z — 2) = 1.
4.2.16 A radioactive isotope is transformed into another more stable isotope of a certain element by

A(t) = 0.0125¢ /5%

where t is the time in seconds and A is the amount present in mgms.
(a) How much of the isotope was originally present?
(b) When will half of the original amount be transformed?

(c) When will 0.005 mgms of the original isotope remain?
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4.2.17 A bacterial population grows by an amount given by
N(t) = 135¢!/1%

where N is the number of bacteria present and ¢ is the time in minutes.
(a) How many bacteria were originally present?

(b) In how many minutes will the original number of bacteria double?
(c) In how many minutes will the original number of bacteria triple?
(d) When will there be 185 bacteria present?



SOLUTIONS

SECTION 4.2

4.2.1

log, 32 = log, (2°) = 5.

1 1 _
4.2.3 log, 6= log, (ﬁ) = log, (27°) = 6.

4.2.4

4.2.6

4.2.7

4.2.8

4.2.9

4.2.10

4.2.11

4.2.12

4.2.13

4.2.14

4.2.15

5 =625=(5)%4z=4

2
4.2.2 log 56 = log 5 (\/6) —2.

4.2.5 6°=1/216=(1/6)3=(6)"3 2= -3

4z — 3 > 0, z > 3/4 so the domain is (3/4, +00).

z?—4> 0,z < —2 or = > 2 s0 the domain is (—oo, —2) U (2, +00).

log(1 — cos ) + log(1 + cosB) = log(1 — cos? 6)
= logsin® § = 2logsin 4.

log, g — log, 300 + log, 125 = log, 6 — log, 5 — log,(6)(25)(2) + log, 5°
= log, 6 —log, 5 — log, 6 — 2log, 5 — log, 2 + 3log, 5

= —log, 2.

256 3

9 1
log, m + log, 3 +log, 3 + log, 3= log,

=2log,3 —5log, 2+ 8log,2 —log, 3 +log, 3

2

—3log,2 —log, 3

= log, 3.

9 1
log, 3v/z — log, Tm log, 3= log,

[(x+2)3
log, (xs_; =

o[22

Ll ol

= log,(z +2) — 3 logy(s — 2) ~ 3 log (2> + 20+ 4).

3vz

7| = log, Vz* = log, 22 = 2log, .

9

Va3

3

3% = 9%t — 32251 g £ = 2(22 — 1); = 2/3.

log, z+log,(z+2) =log,z(z+2) =Oonlyif z(z+2) =1,80, 22+ 20 -1 =0,z = —

z=-1++v20rz—1-+2so choose z = v/2 — 1.

z
logyo(z + 1) — logyg(z — 2) =1, logy

+1
z—2

= logy 10,

190

8

[log,(x + 2)* — log,(x — 2) (z* + 2z + 4)]

z+1

T —

10,

3 2 3 1
% + log, 3 + log, PE + log, 3

21

= —0r =.

9

7
3

2++v/4+14

2

b
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4.2.16 (a) Whent =0, A(0) = 0.0125 so there was originally 0.0125 mgms present.
(b) 0.00625 = 0.0125¢ /5%,

—t/s00 _ 1
2
t =5001In2 sec or t = 346.6 sec

(c) 0.005 =0.0125¢7/5%
t = —5001n 0.4 sec = 458.1 sec.

e

4.2.17 (a) Whent =0, N(0) = 135
(b) 270 = 135¢/1%
£t/125 _ o
t =125In2 min = 86.6 min

(c) 405 = 135¢t/'%
e/125 _ 3

t =125In2 min ~ 137.3 min

(d) 185 =135¢/1%

185 )
t=125In 138 = 39.4 min.
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Questions, Section 4.3

SECTION 4.3

4.3.1

4.3.2

4.3.3

4.3.4

4.3.5

4.3.6

4.3.7

4.3.8

4.3.9

4.3.10

4.3.11

4.3.12

4.3.13

4.3.14

4.3.15

4.3.16

4.3.17

4.3.18

4.3.19

Find f'(z) if f(z) = z>v/z? + a2, a = constant.

Find f'(z) if f(z) = (2 + cos2x)/2.

Find % if y = (z + 4)Y4(3z + 2)1/3.

Find % if y = (22 + 4)4(3z — 2)"3.

2

dy a? - x?
Find 2 ify = (£ 2%
mdd:z: y (a2+:c2

2/3
) ; @ = constant.
ady
Find == if sin(z + y) = tanzy.
dz
Find % by implicit differentiation if zy® + \/zy = 2.

Find % by implicit differentiation if z siny = y cos 2z.

Find -3% by implicit differentiation if a2z%/4 + b2y2/ 3 = a, b, ¢ are constants.
Use implicit differentiation to find % if sin? xy coszy = 1.

Find Z—z by implicit differentiation if (z — y)2 + 4z — 5y ~ 1 = 0.

Find Z—z by implicit differentiation if z~/3 + y =1,

Use implicit differentiation to find % if tan®(z%y) = y.

Find % by implicit differentiation if 2% + 3y° = 10.

Find % by implicit differentiation if z? + 2zy — ¢ + 8 = 0.

Find the equation of the tangent and normal lines to 22 — 3zy + 3y® = 2 at (1,1).

Use implicit differentiation to find the equations of the tangent and normal lines to the ellipse
3z +y2 =4 at (1,1).

Use implicit differentiation to find the equations of the tangent and normal lines to the hyperbola
5z —y? = 4 at (1,1).

Use implicit differentiation to show that for any constants @ and b, the hyperbolas zy = a and
z% — y? = b intersect at right angles at the point (o, yp).



SOLUTIONS

SECTION 4.3
4.3.1 f'(z) =2’ (%) (®+ a2)_1/2 (2z) + (z* + a2)1/2 (2z) = _—__32}:;-2!-_-?6523"
432 f(z) = 2(2+ cos22) /X~ sin22)(2) = —— 0.

4.3.3 % = (z +4)/3 (%) (3z+2)"%3(3) + (3z + 2)'/* (;11) (x+4)7%4(1)

fuy

= 78z + 2)"23(z + 4)~%4(7x + 18).

dy

4.3.4
dx

= (2z +4)* (g) (3z — 2)¥3(3) + (3x — 2)3(4)(2x + 4)%(2)

= (22 + 4)(3z — 2)*/3(38z + 12).

435 .dﬁ_?(a2 )"3[(«1 +22) (=22) — (a? —x2)(2x)]

dr 3 \a?+ a2 (a? + 22)
_ 8a’x
3 (22— a?)'3 (a2 + 22

dy\ _ dy
4.3.6 cos(z+y) (1 + da:) = sec” Ty (mdm +y

dy _ ysec’zy — cos(z +y)
dr  cos(z +y) — Tsec’zy

dy ve . 9y dy y + 2212y
43.7 = (2ydx) +y2 )+ ( ) (zy)y " log ty) =0s0 - = TP g

d dy dy 2ysin2z +si
4.3.8 .'z:cosyzmg +siny(l) = y(— sm2m)(2)+c032x_ o W _ 2ysin z +siny

dx dz =~ cos2r — zcosy
3 2 d d 9a?y'/3
22 -1 2 (2 ,188Y oy _ 20y
439 a (4) * b (3)y dzx 0, s0 dzx 8b2zxl/4’

4.3.10 —zsin’(zy) % — ysin}(zy) + 2z cos®(zy) sin(zy) Z—z + 2y cos?(zy) sin(zy) = 0, so
dy _ ysin®(zy) — 2y cos’(zy) sin(zy)

dz 2z cos?(xy)sin(zy) — z sin®(zy)

dy dy dy 2y—2z-—4
4.3.11 2(z y)(l d—)+4 5d =0, %0 Gy = 29 —22 5

4/3
4.3.12 —2z ¥ - ly*mﬂ =0, s0 dy _ _ (2) ‘

3 3 dx dz — T

2dy dy dy _ 4zytan’(z?y) sec?(z?y)
2

3. ec 2 ) 80 ==

4.3.13 2tan(z’y)s (x y) ( -—+ rcy) .d dz 1 - 2x? tan(zy) sec?(z2y)

193
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4.3.14

4.3.15

4.3.16

4.3.17

4.3.18

4.3.19

Solutions, Section 4.3

dy z dYy 1 y(l)—xa dy =z
2r+byd =0 X _Z.CV_ 1177 Tdr _Z
z+ by dr = 3y dz? 3 v  but o =3y
v-o (-5
d%y I R 3y? + z? 0
S0 =3 ” =— e 9y3 since 2 + 3y* = 10.

dy dy dy y+z
2z +2 (s =0, ¥ _¥r2
Tt (zda:+y) ~ Wy Vir =" & y—z'

) ] e
—z) (== +1)-(@w+z) (= -1 9y
2y W x)(dz (v +x) 2y - Zxd“"btdy vtz

dz? (y — x)? T (y-=2)?2 dr y-z
y+z
—2
so dy 2y-2 (y—x) _—2(2+2zy—9y?)  -2(8) 16
dr? (y - z)? (y— =) (y-=z* (z-yp
since 22 4+ 2zy — 2 + 8 =0.
dy dy dy 3y—4zx

4 3 ——-—3 6y—= =0 . At (1,1
T8y T A Oy, =0 s G = Gy —sg ALY

_dy _ 3y-—-4x 1 _ . s
Mian = e . plr— - = -3 and Mpoma = 3 so the equation of the tangent line is

1 1 4
y—1l=—-=(xz-1)ory= -3% + 3 and the equation of the normal line is y — 1 = 3(x — 1) or
y=3z-—2.

dy dy 3z dy 3z

6 2-—-—0 =—-—. At (1,1 = — = ——| =-3and

T+ 2y-- s0 =~ v (1,1), Mmyan dx‘m} vl an

y= ¥
1
Mnormal = 3 SO the equation of the tangent line is y — 1 = —3(z ~ 1) or y = —3z + 4 and the
2
equation of the normal line is y = -;;:z + 3
dy dy 5z dy 5z 1
-— _—= = —_—, = — = — = = —— h
10x — 2y Y r 0, so e ” At (1,1), myan Iz . v | 5 and Muormal g 50 the
y= y=
equation of the tangent line is y — 1 = 5(z ~ 1) or y = 5z — 4 and the equation of the normal line
1 6

1Sy = —g-’ﬂ + g

dy dy Yy oo dy dy T

ay = a9 _ Y — -2 = = = Z A let
T +y 0 so o s similarly, 2z — 2y o 0 and o t (xo,%0), le
mp = ¥ =% and my = z = ﬂ, then mim, = (——EO-) (ﬂ) = —1, thus, the

Tl Zo Ylzzmo Yo To Yo

tangent lines are perpendicular to each other at (zo,y0) so the curves intersect at right angles.



Questions, Section 4.4

SECTION 4.4

4.4.1

4.4.2

4.4.3

4.4.5

4.4.6

4.4.7

4.4.8

4.4.9

4.4.10

4.4.12

4.4.14

4.4.16

4.4.18

4.4.19

Use implicit differentiation to find % ifzrlny =1.

Use implicit differentiation to find -Z—i if zy = In(z tany).
Find f'(z) if f(z) = In (2zv2 + ). 4.4.4 Find f'(2) if f(z) = In(tanz + secz).

Find f'(z) if f(z) = zInsin 2z + z°.

)
Use logarithmic differentiation to find ftﬂ ify= _:_1:_:1;_—{-1
dx (z +1)23

of (z + 5) cos* 2z

dy
ithmic di tiati find = if y = :
Use logarithmic differentiation to find dz 1Y (@ — 8)°

Find f'(z) if f(z) =1In (31-\/3 _ :1:2).

Use logarithmic differentiation to find dy ify=y _tgn:c_s-
dz (1 + z5)

Find f'(x) if f(z) = e*5°%. 4.4.11 Find f'(z) if f(z) = e **sin3z.
Find 2 if y = (sinz)". 4.4.13 Find f'(z) if f(z) = en
dx 2
Find f'(z) if f(x) = z*4". 4.4.15 Find % if y = (tant)’.
Find f'(z) if f(z) = ® + z°. 4.4.17 Find f'(z) if f(z) = (secz)*®".

Use implicit differentiation to find dy/dz if tany = ¢ + Inz.

Use implicit differentiation to find dy/dz if €?* = sin(z + 3y).
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SOLUTIONS
SECTION 4.4

1\ dy dy Y
4.4.1 -] == -= .
x(y) In +hny=0; == Iz xlny

dy 1 dy
442 z—=+y= 2y—=
xd:c +y ztany (a:sec ydx +tany)

secty\dy 1
(-tm) iz
ztany —secydy 1—zy
tany dz = x
dy  (1—zy)tany

dr ~ z(ztany —sec?y)’

1 1 1 1 1 1 44 3z

4.4, = > @=z+\3)\353) =z '
3 fz)=m2+mz+3n(2+2), f (=) x+(2)<2+$) zt et " w2t

1

444 f(z2)= ——ro
f (:r) tanz 4+ secx

(sec’ z + secz tanz)

_ secz(secx + tant)
" tanz +secx

=S8ecT.

4.45 f'(z)=(x) (sinl2

= 2z cot 2z + Insin 2z + 2z.

vz +1

@+ 1)

:z:) (cos2x)(2) + Insin 2z + 2z

4.4.6 lnjyj=In

Inly| = ln|x|+—ln(a: +1)—-—ln|x+1|

ldy 1 T 2
_+ —_
ydr z  z2+1 3(z+1)

dy 1+ T 2 _zvzi+1 _1_+ T 2
dr Y 241 3z+1)] (+1) |z 22+1 3(z+1)]
2 5 42
447 hly=In 3.(:””"_)29%__””_
(2% - 8)

Inly| = % [ln (a:2+5) + 41n | cos 2z| —21n|:1:3 ——8l]

ldy 1 2z 1 .

ydr [x2 +5 +4 (cos2a:) (- sin22)(2) -2 (:1:3
2z 622

(58w 3%5)

1 2
d_y= y( 22 8tan2x—6i-)

1_ 8) (32:2)]

dr 3 2+ 5 3-8
1,[(z*+5)cos?2z [ 22 . 6x2
== —8tan2x — .
3 (z3 — 8)? 22 +5 R

196
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4.4.8 f(z)=In3z+ % In(3 — %)

z_ 3 —21?
3—22 7 z(3-z%)

@)=~

t 1
449 hjy = 5(1in:5)3 = % [In[tanz| - 3In| (1 + 2% [
ldy 1] 1 9 3 o] 1 [sectz  15z%
ydz_5[tanx(sec =) 1+25 (52%) " 5\ tanz 145

dy _y sectz  15x2% _ 1/ tanz sec2z 154
dr = 5\tanz 1+2z5) 5 (1+2%3% \tanz  1+25/)
7 zsinz d : rsinz 3
4.4.10 f(z)=¢e E[z sinz] = e****(z cosz + sin ).

oz 4 . . d ; _
4.4.11 f'(z)=e 2’E[sm%:] +sin3z— [e7%]

= e7**(cos3z)(3) + sin 3z (e7%) (~2)

= e"**(3 cos 3z — 2sin 3z).

e1n2z 2% ,
ok = i 4. = =—=1 =0.
4.4.12 Inly| =zIn|sinz| 4.4.13 f(x) o o , fliz) =0
ldy 1 .
yis =~ z (sin:z:) (cosz) + In|sinz|
dy .
= (sinz)®*(z cotz + In|sin z|).
dx
4.4.14 Lety=z%" thenlny =4In|z|+ zIn4
1
_@ = :1. +]_n4
yder =z
W _ g (é +1n4).
dz T
4.4.15 Let y = (tant)?, then In|y| = tIn|tant| 4.4.16 f'(z) =e" +ex® L.
ldy _

d d
i ta[hﬂtantl] + hlltantla[t]

dy _ 1 2
prie [t (ta.nt) sec t+ln|tant|]

dy o {(tsectt
—= = t 1 t]}.
7 (tant) ( tont n|tant|

4.4.17 Let y = (secx)°®?, then In|y| = coszIn|secz|

%% = cosa:a%[lnlsecxﬂ +ln|sec:v|%[cosx]

dy 1 . .

= =Y [cosa: (;e-c:;) (secxtanz) + ln|seca:|(—sma:)]
dy

== = (secz)***sinz(1 — In |sec z|).

dz
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4.4.18

4.4.19

Solutions, Section 4.4

2e** = cos(z + 3y) (1 + 33—2)

d
2¢* = cos(x + 3y) + 3 cos(z + 3y)a—%

2e%* — cos(z + 3y)
3cos(z + 3y)

§l& &l&

W=

[2€* sec(z + 3y) — 1]



Questions, Section 4.5

SECTION 4.5

4.5.1

4.5.2

4.5.3

4.5.4

4.5.5

4.5.6

4.5.7

4.5.8

4.5.9

4.5.10

4.5.11

4.5.12

4.5.13

4.5.14

4.5.15

4.5.17
4.5.19

4.5.21

4.5.23

4.5.25

-1

Find the exact value for cot [sin‘1 (—i)]

i)

Find the exact value for tan [sin
. 13

Find the exact value for tan { sec

13

Find the exact value for sin™! (cot %)

Find the exact value for sec (sin_

Find the exact value for sin™! [sin (3—47[)]

Find the exact value for cos™! [cos (—Tﬂ)]

If = tan™(1/2), find:
(a) cosd

Find sin 8 if 8 = sec™! %7

Find the exact value for cos [sin_1 (—%)]

Find the exact value for sin 2 (tan™ 1/3)
Simplify sin (sec™ z).

Find the exact value for sin [tan™!(-2/3)]
Find the exact value for cos [sin™!(—3/4)]

Evaluate tan™! [cot (%)]

Evaluate sin (cos‘1 % +sin”! -z-)

Find f'(z) if f(z) = 2z tan™! 3z.
Find f'(z) if f(z) = sec(tan™ ).
Find f'(z) if f(z) = ¢ tan™! 3z.

Find f'(z) if f(z) =sin" 'z 4+ v/1 — z2.

4.5.16

4.5.18
4.5.20

4.5.22

4.5.24

(b) cscéd

Simplify tan (cos™ 2z).

1

3
Evaluate sin™ (cos—ﬂ- .

4
Find f'(z) if f(x) = zsin™! 2z.

. dy . _ -1
Find 7 if y = cos™ (cosz).

Find f'(z) if f(z) = tan! (‘” — 1).

z+1

199



200 Questions, Section 4.5

4.5.26 Find d—;’ if y =sin~! 1

d V1422
4.5.27 Find f'(z) if f(z) = In(z? + 4) — z tan™! g

4.5.28 Find the equation of the tangent line to the graph y = sin™! z at the point (0,0).



SOLUTIONS

SECTION 4.5
4.5.1 Let 6 = sin~'(—1/4) then, :
sin@ = —1/4, and (see figure),
cotf = {—215 = —/15. VTS - X
AN i
4.5.2 Let 0 = sin"!(—1/4) then, y
sinf = —1/4, and (see figure), ’
tanf = L
Vis' VIS ex
&
4 -1
-1 3 y
4.5.3 Let 6 =sec 3 then,
3
secl = 2 (see figure) g V3
-
tanf = LS 2
2
T
4.5.4 3
. 13
4.5.5 Let # =sin 7 then,

4.5.6

4.5.7

4.5.8

sinf = § and secd = i
4 7

(see figure).

sin :%ﬂ- = sin (ﬂ' — %) = sin %, then, sin! (sin -341> =sin~! (sin %) =

T
T

—T

cos (—3—) = cos (g) $0 cos ™! [cos(—m/3)] = cos™? [cos (%)] = g

Refer to figure: y
(@) — |
V5 Vs
(b) V5 R ! -x
2

201
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4.5.9

4.5.10

4.5.11

4.5.12

4.5.13

4.5.14

Solutions, Section 4.5

o= 1 y
sinf = T
17
15
e. .
1 o
8 X

Let @ = sin~!(—3/4) then, y
sinf = —3/4, and cosf = 4
(see figure). V7 x

©

3
4
Let 6 = tan™'1/3, then y
sin 20 = 2sinf cosf :
_9 <_1_) (_E_) =3 7
v10/ \v10) & | © < -
Let § =sec™! z, then y
secf =z and ‘
sing = 21 x
- Vex
(see figure) © -
]

Let 8 = tan™!(—2/3), then

Yy
2 = 2
tan9——§ and sinf = ViR .
(see figure) V
2
Vi3
y

Let 6 = sin™! (—%), then

3
3
.3 VT V7
sinf = ~1 and cosd = T -y - X
(see figure) ) -3
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4.5.15

4.5.16

4.5.17

4.5.19

4.5.20

4.5.21

4.5.22

4.5.23

4.5.24

4.5.25

4.5.26

4.5.27

4.5.28

T
3
Let 6 = cos™! 2, cosf = 2z, y
VI =422
and tanf = -%—;i .
(see figure) v 1-4)(2
2 - X
X
s
1 4.5.18 1
10y — 1 -1 -1
f(z)—:c<1+9x2) (3) + tan™" 3z(1) = 1+9 5 +tan™" 3z.
£(2) = (@) [~z ) (2) + (sin"? 22)(1) = ——=2— + sin~ 22.
V1 —4zx? V1 —4z?
Let § = tan~! z, then
tanf =z and z
secd = \/:1:2 1= f(x). /™5
Fla) = -2 7+x2
VaZ+ 1 x
i L e
dy
e 1.
fl(z)=¢e* L (3) + 2e* tan™! 3z = 3¢” 5 +2e* tan™' 3z.
14922 1+ 922
f(z) = 1 (z+1)(1) - (z—1)(1) 1
w—l z—1V (z+1)2 2z2+2 B
+ (:c+ 1)

l-z  Jjl-z

-7 () ) o 3 VI

dy 1 1 2,-3/2 T 1
bt A — - | 2r) = — =—
dz 1 ( 2) ( +x ) ( 1:) | 232 .’132 1 +(L'2
T 1422 (1+2%) 1+ z2
/ 1z
- —(1
1+—
4
2 2z an™! ?= tan~! 2
z2+4 22 +4 2 2°
! 1 ! 1
f(m):\/l_Qsom f(O):m—l theny—0=1(x—0Q)ory==z
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Questions, Section 4.6

SECTION 4.6

4.6.1

4.6.2

4.6.3

4.6.4

4.6.5

4.6.6

4.6.7

4.6.8

4.6.9

4.6.10

A shark, looking for dinner, is swimming parallel to a straight beach and 90 feet offshore. The
shark is swimming at the constant speed of 30 feet per second. At time ¢ = 0, the shark is directly
opposite a lifeguard station. How fast is the shark moving away from the lifeguard station when
the distance between them is 150 feet?

A ladder 13 feet long is leaning against a wall. If the base of the ladder is moving away from the
wall at the rate of 1/2 foot per second, at what rate will the top of the ladder be moving when the
base of the ladder is 5 feet from the wall?

A spherical balloon is inflated so that its volume is increasing at the rate of 3 cubic feet per minute.
How fast is the radius of the balloon increasing at the instant the radius is 1/2 foot?

[V = %m‘3]

Sand is falling into a conical pile so that the radius of the base of the pile is always equal to one half
its altitude. If the sand is falling at the rate of 10 cubic feet per minute, how fast is the altitude of
the pile increasing when the pile is 5 feet deep?

[V = %wr%]

A metal cone contracts as it cools. Assume the height of the cone is 16 cm and the radius at the
base of the cone is 4 cm. If the height of the cone is decreasing at 4.0 x 10™° cm per second, at
what rate is the volume of the cone decreasing when its height is 15 cm?

[V = %71'1‘2h]

A spherical balloon is inflated so that its volume is increasing at the rate of 20 cubic feet per minute.

4
How fast is the surface area of the balloon increasing when the radius is 4 feet? [Use V = §7r7'3

and S = 47r?))

Two ships leave port at noon. One ship sails north at 6 miles per hour and the other sails east at
8 miles per hour. At what rate are the two ships separating 2 hours later?

A conical funnel is 14 inches in diameter and 12 inches deep. A liquid is flowing out at the rate of
40 cubic inches per second. How fast is the depth of the liquid falling when the level is 6 inches
deep?

[V = %mjh]

A baseball diamond is a square 90 feet on each side. A player is running from home to first base
at the rate of 25 feet per second. At what rate is his distance from second base changing when he
has run half way to first base?

A ship, proceeding southward on a straight course at the rate of 12 miles/hr is, at noon,
40 miles due north of a second ship, which is sailing west at 15 miles/hr.

(a) How fast are the ships approaching each other 1 hour later?

b Are the ShipS approaching each other or are they receding from each other at 2 o’clock and
g
at what rate?
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4.6.11

4.6.12

4.6.13

4.6.14

4.6.15

4.6.16

4.6.17

4.6.18

4.6.19

An angler has a fish at the end of his line, which is being reeled in at the rate of 2 feet per second
from a bridge 30 feet above the water. At what speed is the fish moving through the water towards
the bridge when the amount of line out is 50 feet? (Assume the fish is at the surface of the water
and that there is no sag in the line.)

A Kkite is 150 feet high and is moving horizontally away from a boy at the rate of 20 feet per second.
How fast is the string being paid out when the kite is 250 feet from him?

A kite is flying horizontally at a constant height of 250 feet above the girl flying the kite. At a
certain instant, the angle which the string makes with the girl is 30° and decreasing. If the string is
paying out at 16 feet per second, how fast is the angle decreasing? Express your answer in degrees
per second.

Consider a rectangle where the sides are changing but the area is always 100 square inches. If one
side changes at the rate of 3 inches per second, when it is 20 inches long, how fast is the other side
changing?

The sides of an equilateral triangle are increasing at the rate of 5 centimeters per hour. At what
rate is the area increasing when the side is 10 centimeters?

A circular cylinder has a radius 7 and a height h feet. If the height and radius both increase at the
constant rate of 10 feet per minute, at what rate is the lateral surface area increasing?

(S = 2nrh)

A straw is used to drink soda from the bottom of a cylindrical shaped cup. The diameter of the
cup is 3 inches. The liquid is being consumed at the rate of 3 cubic inches per second. How fast is
the level of the soda dropping?

[V =nrih)

The edge of a cube of side z is contracting. At a certain instant, the rate of change of the surface
area is equal to 6 times the rate of change of its edge. Find the length of the edge.

An aircraft is climbing at a 30° angle to the horizontal. Find the aircraft’s speed if it is gaining
altitude at the rate of 200 miles per hour.



SOLUTIONS
SECTION 4.6

4.6.1 Let z and r be the distances

shown on the diagram. We want /\
to find dr i 7\ X

given that
d r=150

dx &O
o =380. From 1 = (90)" + %, \(
W t 2rd—r = 2.7;d—x or

CE T T T |
dr zdx

—_——= - =1
7 T When r 50,

2% = (150)% — (90)% = 22500 — 8100 = 14400
and z = 120 thus
dr

s 30) = 24 ft/sec.

2
r=150 150

4.6.2 Let z and y be as shown on the

diagram. We want to find
dy dz 1 /\
g given that i

From y2+x2= (13)%, we get y
dy dx
2ydt + 2z E 0, or, l
& _ —fd—x When z =5, 7
dt  ydt’ - }1—— X —>

y? = (13)% — (5)® = 169 — 25 = 144,
soy =12 and dy

5 (1
%l T 12 (5)* 51 fb/sec,

i.e., the top of the ladder is moving down

5
at the rate of 21 ft/sec.

3

4 v
4.6.3 We want to find dr given that (fl—‘t/ = 3. So, from V = 37T e get — = —7r(3)r — or

at |,y dt
dr 1 dVv dr 1 3 .
ity Ry and % = 5(3) = p ft /min.

r=1/2 1
4 (2)

., dh . dav
4.6.4 Find T - given that i 10.

Since V = %mjh and r = g, then

2
V=17r<h) h=—h3 ﬂ=ﬁ( )h 2dh

3 \2 127 dt
dh 4 dV
and E = mﬁ, thus
dh 8 .
i 7r(5)2( 0) = Er ft /min.

206
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4.6.5

4.6.6

4.6.7

Find % given that

h=15cm
dh
dt

_1 _1
V—37rrhandr—4h,

2 3
thenV—%ﬂ'(h) h—~ﬂ

= —4.0 x 107° cm/sec. Since

48"
AV _ 7w giadh _ o gdh
& =~ dt 16" @
av -5y
@ . 16(15)( —4.0x107%) = 1.8 x 10~

i.e., the volume of the cone is
decreasing at the rate of
1.8 x 1073 cm?/sec.

Find ﬁ given that d—‘i =20. From V = é7r7"3 and S = 47r?, we get
dt|,_, dt 3

av 4 2dr dS dr d

pri —7r(3) il d — (2)TE Then, solving for —

das 2dv dS

YT ord @l
10 sq. ft/min.

Let A and B be the two ships and
z, y, and r be their distances

as shown on the diagram. We

want to find fd_’:

, given
t=2 hrs
dy dzx
thatE— d:ﬁ—8 From
dr dz dy
2_ .2, 2 oer _ hut
rr=z +y,weget2rdt 2z dt+2ydt or
dr dx dy
- +y
at v |Ta V@

3 cm?®/sec,

l

PORT |
. I

207

= 1(20) = 10, thus, the surface area is increasing at the rate of

When t = 2 hours, B will have sailed 16 miles east and A will have sailed 12 miles north of port,

dr

2 _ 2 2 _ = — =
thus, 7* = (16)° + (12)* = 400, r = 20. o Lz 20

separating at the rate of 10 miles per hour.

i[16(8) + 12(6)] = 10, thus, the ships are
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Solutions, Section 4.6

4.6.8 Let r and h be the dimensions

4.6.9

shown on the diagram. We want to

dh dv

= g =~ _40.
find |, given that 7 0 | X
By similar triangles (see figure),
ro 7 Th 2
P12 orr= °E , thus,

2
_m (Y, o

3\ 12 432 I
dV 497 497 ) h2 dh 144 dV
dt 432 Tdt T 19nh at

dh 14 160
h - = ——— = —_—,
thus, | = 2omert 0T Tagr

The depth of the liquid is falling at the rate of —igi?r inches per second.

Let z, y, and 7 be the distances
as shown in the diagram and let the

baseball diamond be positioned as

shown. We want to find d—

p 9 o5 1st base
given that °r _ —25. Thus
dt x
dx dr
2, .2 _ & 9.
T +y . 2z pr =2r 7
dr zdz 'Home

[y is constant] so — il
when 7 = 45, r = 1/(45)2 + (90)2 = v/2025 + 8100 = v/10125 = 45v/5 feet, so,
dr

T f( 25) =

—5v/5 feet per second.
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4.6.10 (a) Let A be one ship and B be

4.6.11

the other. Let z, y, and 7
be the dimensions shown in the
figure at a certain instant

of time. We want to find
dr

dtl,.,
both functions of time, let

z = 15t and y = 40 — 12¢, then,

r? =2 + % = (15t)® + (40 — 12t)*;

, since x and y are

27'3—; — 2(15¢)(15) + 2(40 — 12¢)(~12)
dr 1
or = = ~[360t — 480].
When t = 1, 7% = [15(1)]% + [40 — 12(1)]? = 1009, r = /1009 and
dr 1 111
- = 369(1) — 480] = ———= ~ —3.49 miles/hr. The ships are approaching each
&~ Tioos 00 - ] 005 / p PP g
other at the rate of ——= = 3.49 miles/hr 1 hour later.
v 1009 /
(b) At 2 o’clock, t = 2 hours, so, r? = [15(2)]? + [40 — 12(2)]% = 1156,
r=34 al i[369(2) —480] = 258 or 129 At 2 o’clock, the ships are receding at the
=t w|, T n “31 " T ’ P 8

rate of I miles/hour.

Let x and r be as shown on the

diagram. We want to find

dz

. dr
’r . given that 5= -2. \
From z% + (30)% = 2, I

A
dz dr dr rdr
When r = 50, 1
z? = (50)% — (30)?
= 2500 — 900 = 1600, z = 40 " x
dx 50
and — =—(-2)
dt|,_, 40
—_100__5
40 0 2

The fish is moving towards the bridge at the rate of g ft/sec when the amount of line out is 50
feet.
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4.6.12

4.6.13

4.6.14

4.6.15

Solutions, Section 4.6

Let £ and r be as shown on the

diagram. We want to find %

r=250

given that j—f = 20. From
r? = (150)? 4 22, we get
o g8 o U _zde

dt dt  dt rdt
When r = 250,
% = (250)2 — (150)?

= 62500 — 22500 = 40000;

=2 20) =
z =200 and dt e 250( 0) = 16.

The string is being paid out at the rate of 16 ft/sec when the kite is 250 away from the boy.

Let § and r be as shown in the diagram.

Find ﬁ

7 given that

0=30°

dr _ = 16. From sinf = @, Kite

dt r

coseflﬁ = _@ ﬂ / +
dt ~  r? dt’

do secq dr 50

5 = 205 2 / +

From sinf = @, r= E(l
r sin @
When0=30°,r—2i—500 So

sin 30
dé sec 30°
— =2 16) = .01
7 50 (500)2( 6) = .0185 deg/sec.,

i.e., the angle of the string is

decreasing at the rate of 0.0185 deg/sec.

dy ) dx dy dz Y dr
= 100. = —- = d .

Let zy = 100. We want to find, say, ity given that 7 =3z d +y— 7 =0a dt i
From 20y = 100, y = 5, and % = -—25—0(3) = —% inch/sec, thus, the rate of change of the second

3.
side is opposite to that of the first side and is at the rate of 1 inch/sec.

Let x = side of the triangle.

The area is A = %(x) <§x) = ?wz.

We want to find %
dt

b _s, 94 ‘/_()— Thus

dat 7 dt
dA V3

— =Xa =2

g _, = 2 10E) =25V3or
the area is increasing at the rate of

25v/3 cm?/hr when the side is 10 cm.

given that

z=10
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ds
4.6.16 We want to find i given that il i 10, from S = 2nrh, Tl r%+ha

% — 24[r(10) + h(10)] = 20m(r + h) &* min.

dh dr ds [ dh dr]
= 2 0

4.6.17 With d and h as shown in the figure

dh . av . 3
find 7 given that e —3 in°/sec.

FromV—7rr2h—7r( )h— ~d’h

dV _ 7 ,dh
dt 4d @ 2d h
dh 4 4V 4 4

dt  nd® dt 7r(3)2(_3) T 3r
or —.42 in/sec., i.e., the level
of the soda is dropping at the —d—

4
rate of I in/sec. or 0.42 in/sec.
s

ds dz 2 ds dS _dzx
4.6.18 Wz want to find a:dglven that i 63;' From S = 6z*, we get i (2)z , but T 6 7 5°
z z
= =120 —1)=0;z =1/2.
6 = =12 dte @z-1)=0z=1/

4.6.19 With s and h as shown in -
the figure, we want to find Plane

ds . dh
7 8iven that i 200 mph.

h
From the figure, s Sin30° h so /
00

ds dh
— = 23 = 2(200) = 400 mph.

S

=

Ground
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SECTION 4.7

4.7.1

4.7.3

4.7.5

4.7.7

4.7.9

4.7.11

4.7.13

4.7.15

4.7.17

3
. x°—2rx+1
Evaluate leEloo E 12

Evaluate lim (secz — tanz).

5"
1 1
Evaluate lim - - =
0T T

Evaluate lim sinzlnz.

-0+

Evaluate lim zlnsinz.

-

Evaluate lim (tanz)®*®.
z—5

Evaluate lim (sinz)”.
z—0+

Evaluate lim(sin 2z + 1)Y/*.
z—0

Evaluate lin(1) (coshz)¥/=.
T—

4.7.2

4.7.4

4.7.6

4.7.8

4.7.10

4.7.12

4.7.14

4.7.16

4.7.18

Questions, Section 4.7

T

. e
Evaluate lim =
r—+00 I

Evaluate lim (csc:z: - l)
z—0 x

Evaluate lim (z — 1) tan =
=1 2

Evaluate lim zlnzx.

X

Evaluate lim (z + e%)¥".
Z—-+400

2

E x
Evaluate lim (1 + —12-) .
T—+00 T
Evaluate lin(l)(cos 3z)/=.
T—H
Evaluate lim (2e* + x2)3/z.
T—+00

Evaluate lintl) (e® + 3z)V/=.
r—



SOLUTIONS

SECTION 4.7
. 3z2-2 . 6z 1
4Tl e T T T
. e* . et . e*
472 s =M e T T T
47.3 lim 12SBT _ gy ZOST_
z—»;' COSZ 1'—»;-_ —Ssmx
474 limZ=S0T gy locosT s
z-0 zTsinr z=0 £cosST +sinz 2—02cosz —zsinz
475 lim =% = too.
0 I
-1 2 2
4.7.6 lim — — = lim —= sin? L ——
z—1-cot 5z  z—1- 2 T
1
. Inz . z . sinz
4.7.7 lim = lim —%—— = lim { — } (—tanz) =
z—0+ CSCT  z—0+ —csczcotr  z—0+ x
1
47.8 lim 2% = im £ =0
-0t l r—0t _1_
T x?
4.7.9 lim Insinz _ (L) (—zcosz) =0
et 1 sinz
T
4.7.10 Let y = (z + €%)¥7,
X 2 1 X
lm ny= Lm 22E+E) _ p, Al+e)
z—+00 T—+00 z z—+00 I+ €T
¥ 2 x
= lim 2e = lim = =2; lim y=e€%
z—+o0 1 + €% z—to0 e""' y—+o0
4.7.11 Let y = (tanzx)*®*,
1
im Iny= hm coszlntanz = Hm ntanz
z—v%"‘ z—nz .1:—»7 secx
= lim seca:= i c.os;x =0; hmy—e—l.
z—3t tan? z—-3* sIn°zx z—3*

1 a:2
4.7.12 Lety= (1 + ﬁ) ;

1 i (14 35)
lim lny= lim z ln(1+:—t-2-)= lim ———2

z—+00 T—+00 r—+o0 1
2
. x?
= lim — =1; lim y=e.
zo+o0 T4 + 1 Z—+00

213
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4.7.13

4.7.14

4.7.15

4.7.16

4.7.17

4.7.18

Solutions, Section 4.7

Let y = (sinz)”,

lim lny= hm zlnsinz = lim Insinz
z—0+ z—0t l
:z: x
= i —-(—) =0;li =0=1-

s+ \sinz (z cosz) 0;imy=e
Let y = (cos3z)"/,
limIny = lim In cos 3z = lim —3tandz =0;limy=¢€"=1.
x—0 z—0 z—0 1 z—0

Let y = (sin 2z + 1)/%,

In(sin 2 1 2
limIny = lim Mzﬁm_co—szx_ghmy_e?
z—0 z—0 T z—0sin2z + 1 z—0

Let y = (2¢° +2%)%°,
1 2 T
3In(2e* + z*) _ i 3(2¢" + 2z)

lim ny= lim
amtoo T gmekoo T z—too 26 + z2
3(2e + 2)
T g—too 2e% 4+ 21 =3 ::Hmooy =
Let y = (coshz)¥>,
41ncosh 4tanh
limIny = lim T lim anm:O;limyzeozl.
z—0 z—0 T z—0 1 z—0

Let y = (e° + 3z)/2,

In(e*+3z) .. e+3 4 . 4
iy tny =ty P =i S = =gy =t
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SUPPLEMENTARY EXERCISES, CHAPTER 4

In Exercises 14, find dy/dz by implicit differentiation and use it to find the equation of the tangent line at
the indicated points.

(x +y)® + 3zy = —7;(-2,1).

2. (z+%%) — 5z 4y = 1; at the point where the curve intersects the line z + y=1

3. Show that the curves whose equations are y*> = z° and 2z? + 3y? = 5 intersect at the point (1,1) and
that their tangent lines are perpendicular there.

4. Show that for any point P)(zo,10) on the circle z2 + y? = r?, the tangent line at P, is perpendicular
to the radial line from the origin to P,.

5. Find d?y/dz? implicitly if
(a) ¥ +3x2 =4y (b)siny+cosz=1.

6. In each part determine where f and g are inverse functions.

() f(z)=mz g(z) = 1/(mz)
(b) fl@)=3/(z+1) g(z)=(B-2z)/z
(c) fl@)=2"-8 9(z) =Vz+2
@ fl@)=2"-1 g9(z) =Vz+1
(€) flz)=Ver g(z) =2Inz.

In Exercises 7-11, find f~!(z) if it exists.

7. f(z)=8z3-1. 8 flz)=2"-22+1.

9. fl@)=x-2z+1,z>1. 10.  f(z) = (") +1.

11.  f(z) = exp(z?) + 1.

12. Let f(z) = (az + b)/(cx + d). What conditions on a, b, ¢, d guarantee that f~! exists? Find f~(z).
13. Show that f(z) = (z + 2)/(z — 1) is its own inverse.

14. TFind the largest open interval containing the origin on which f is one-to-one.

(a) f(z)=|2z—5| b) flz)=z*+4z (c) f(z)=cos(z —2n/3).

In Exercises 15-18, find f~!(z), and then use Formula (8) of Section 7.1 to obtain (f!)'(z). Check your
work by differentiating f~!(z) directly.

15. f(z) =z°-8. 16. f(z)=3/(z+1).
17.  f(z) =mz + b(m # 0). 18. f(z) = Ve=.

19. Ifr =In2 and s = In3, express the following in terms of r and s:

(a) In(1/12) (b) In(9/VB) (c) In(+/3/3).



216 Supplementary Exercises

In Exercises 20-39, find dy/dz. When appropriate, use implicit or logarithmic differentiation.

20. y=1/Ve". 21. y=1/e"%.
22. y=z/Inz. 23. y=e€"In(1/2).
24. y=gzg/el”. 25. y=In+v/xz%+22z.
26. y = In(10"/sinz). 27. y=cos(e™®)
+z
28. — ptanz 4lnx. . =1 Ia’ |
y=e""e 29. y=In s
30. y=In|z+ V2% +a?| 31. y=In|tan3z + sec3z|.
32. y=[exp(z?)]. 33. y=In(z*/V5 +sinz).
34. y=4/In(vz). 35. y=¢€" +(52)°
36. y=n"z". 37. y=4(e”)?/+/exp(5z).
38, z'+e—y?=20. 39. y=¢"(1+e9)2%

40. Show that the function y = € sin bz satisfies the equation ¥’ — 2ay’ + (a® + b*)y = 0 for any real
constants ¢ and b.

In Exercises 45-47, find the exact value.

45. (a) cos™1(-1/2) (b) cot™[cot(3/4)]
(c) cos[sin~!(4/5)] (d) cos[sin™'(—4/5)].
46. (a) tan!(-1) (b) csc7(—2/V3)
(c) cos™![cos(—m/3)] (d) sin[—sec}(2/v3)).
47. (a) sin~}(1/v3) (b) sin~![sin(57/4)].
(c) tan(sec™'5) (d) tan~![cot(n/6)].

48. Use a double-angle formula to convert the given expression to an algebraic function of z.

(a) sin(2cscz2),|z| > 1 (b) cos(2sin~'z),|z| <1 (c) sin(2tan™!zx).
49. Simplify:
(a) cos[cos™(4/5) + sin~!(5/13)] (b) sin[sin"(4/5) + cos™1(5/13)]

(c) tan[tan~'(1/3) + tan~!(2)].
In Exercises 50 and 51, sketch the graph of f.
50. (a) f(z)=3sin"}(z/2) ' (b) f(z)=cos 'z — /2.

51. (a) f(z)=2tan"!(-3z) (b) f(z) =cos 'z +sinlz.
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In Exercises 5261, find dy/dz, using implicit or logarithmic differentiation where convenient.

52. y=sin"!(e%) + 2tan"}(3z). 53. y= gc_ll—ﬁ

54. y=zsinlz+ /122 55. tanly=sin"lz.
56. y=tan! (1 izx,z) 57. y=ein3z.
58. y=(sin~'2z)7L 59. y= exp(sec z).
60. y=(tan'z)/Inz. 61. y=qpiv"z

62. For the hollow cylinder shown, assume that R and r are increasing at a rate of 2 m/sec, and
h is decreasing at a rate of 3 m/sec. At what rate is the volume changing at the instant when
R=7m. r=4m,and h=5m?

63. The vessel shown is filled at the rate of 4 ft3/min. How fast is the fluid level rising at the instant when
the level is 1 ft?

64. A ball is dropped from a point 10 ft away from a light at the top of a 48-ft pole as shown. When the
ball has dropped 16 ft, its velocity (downward) is 32 ft/sec. At what rate is its shadow moving along
the ground at that instant?

10

P Falling bail

Shadow

In Exercises 65-77, find the limit.

T 632

—2 66. lim z2e'/". 67. lim (Vz?+z-—2).

65. lim——.
z—01 — cos 2z T—0+ z—+00

. 2 1/x i _ )2/ i __cscG_l
68. lim s/, 69.  lim (1—2)". 70. };‘3(’)( 6 602)
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_ -1 T T =) T __ qr
71, lim SRR % 72, tm 21 73. lim 25"
z—0 xt z—2 1 —cos 2z =0
3 z
74. lim V= 75. lim (22 76. lim ( z )
Z—+00 z—+00 I z—+oo \ I — 3

77.  lim (14 z)2=,
z—0+



SOLUTIONS
SUPPLEMENTARY EXERCISES, CHAPTER 4

2
L 3(z+y) (Hﬂ) +3(zd—y+y) —0s0 W _ytlety)

dz dx dr  z+(z+y)?
dy = 2, the tangent lineis y — 1 =2(x+2), y = 2z + 5.
4z |(zy)
d; d 5~ 2
2. 3(z+uy)? (1 + d—z) -5+ Z—z =0 so -JZ-;- = H?’E—zizgz— To find the points of intersection, replace

z+ybyl,andybyl—zin(z+y)’ —5x+y=1toget 1 —bx+1—x=1,s02z = 1/6 and

dy 1 5 1 1
y=1-1/6=5/6. = =—-thetangentlineisy——:—(:z:——).
dz (1/6,5/6) 2 ! 6 2 6
2
3. z =y =1 satisfies both equations so they intersect at the point (1,1). For 2z% + 3y? = 5, Z—Z = —%
dy 2 dy 322 dy 3 . .
—= =—= Fory? =23 == = 50 — ==. The t t lin dicular at
so a 3 Tory =z° — % so -~ w2 e tangent lines are perpendicular a
(1,1) because the slope of one curve is the negative reciprocal of the slope of the other curve.
d d
4. If22+4y? =72 then &__z S0 i) = __:z_o’ 99 # 0. The radius from the origin to Py has slope
dx Y AT 0

%)—, zp # 0. Thus, if 29 # 0 and yp # 0, the slope of the tangent to the circle at P, is the negative
0

reciprocal of the slope of the radius from the origin to Py so the tangent line is perpendicular to the
radius at Py. If g = 0, then the tangent line is horizontal and the radius to P, is vertical. If yy = 0,
then the circle has a vertical tangent at Py and the radius to P, is horizontal. Thus the tangent line
at P is perpendicular to the radius from the origin at P for any point Py(xo,y0) on the circle.

dy dy dy 6z

2— =4 — — =

5. (a) 3y dm+6x 4da:’d:1: -3
Py _ (4-3y")(1) —z(-6ydy/dzx) _ 4 - 3y*+ 6zy[6/(4— 3y”)]
da? (4-3y%2 B (4-3y%)?

=6 [(4 — 3y")® + 362%] /(4 - 3p%).

dy .  _dy sinz
(b) cosy—— —sinz =0, dr ~ cosy

% = YT s;;lsf;‘ siny)dy/de _ (cos® ycosz + sin® zsiny)/ cos® y.
6. (a) f(g(z))=m (771};) =1/x # z; f and g are not inverses.
3 3-3 1
(b) f(g(z)) = (—?;-_—m =z, g(f(z)) = ﬁ = z; f and g are inverses.

(€) fg(z)) = (2% +2)° —8 = z + 62%> + 122"/ # z; f and g are not inverses.

(d) flg(z))=z+1-1=zx, g(f(z)) = V23 -1+ 1=u; f and g are inverses.
(e) f(9(z)) = Vetnz = VzZ = 1 where z > 0, g(f(z)) = 2Inve®* =Ine® = z; f and g are inverses.

7. y=11@) o= f@) =8F - Ly= 3@+ ) = [ ().
8. f(0) = f(2); f is not one-to-one so f~1(x) does not exist.

9. y=fl@)he=f)=y"-2+1=(y-1)% y-1=vz,y=1+ vz = ()

219
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Solutions, Supplementary Exercises

y=1"@), =) =M +1, ¥ =z~ 1,y=In(z—1) = /(z).

f(=1) = f(1) = exp(1) + 1 so f}(x) does not exist.

f7! will exist if and only if f is one-to-one. Let T1, 2 be any two distinct points in the domain of
y = f(z) = (az + b)/(cz + d).

= f(z1) = (az1 4+ b)/(cz1 + d), y2 = f(x2) = (az2 + b)/(cx2 + d),
_ (azz + b)(cz1 + d) — (axy + b)(czs + d)

(cxg + d)(cz1 + d)
ad(mz — 1) —be(za — 1) (ad — be)(xy — x1)
(cza + d)(cxy + d) " (cz2 + d)(cz2 + d)

f will be one-to-one if y; # y; (or equivalently y» — 31 # 0) whenever z; # 3, which occurs when
ad—bc # 0. To find f~!(z) in this case, solve y = (az+b)/(cz+d) for x to get z = (—dy+b)/(cy—a) =
fy) so f7H(z) = (~dz +b)/(cz - a). =

2—W

:c+2+2
f(f(2) = 225 ~=o
z—1

_ 2r -5, z£2>5/2 oy 2, £>5/2
(2) f("’)“{—zz+5, <52 f(z)—{-z, i<5/2

and f'(z) does not exist at = 5/2. f(z) is minimum when z = 5/2 and f is decreasing for
x < 5/2 because f'(x) < 0, so f is one-to-one for z in the interval (—o0,5/2)

(b) f'(z) =2(z+2), so f is decreasing for z < —2 and increasing for z > —2. f is one-to-one for =
in (~2, +00)

(¢) f'(z) = —sin(z — 27/3), f'(z) = 0 when z — 27/3 = n7, = 21/3 + nn where n is an integer.

f(-n/3) = f(27r/3) = 0 and f(z) > 0 if ~7/3 < £ < 27/3 so f is one-to-one for z in
(=m/3,2m/3).

y=F"'@),z=f@) =" -8, y=(z+8)"° = f(z); f'(z) = 3%,

£ = 3o+ 8 = 3(a + 8, (7Y () = g

3

7y“‘§—1— l(x);fl(x)=—m7

y=17@), 2= f(y) = =

P =g = -5 Y@ =5
1

v=F7@) 5= f) = my+b,y = (o~ 8) = f(@); f() = m, [ @) = m, (F) (@) =

y= @), o = £) = &, y =2z = {@); f(2) = 3¢, 1 @) = 37 =, (1Y (@) =
2
2



Chapter 4 221

19. (a) In(1/12)=-In12=-In(2%-3) = —(2In2+41n3) = —(2r +s)

(b) In(9/v8)=1In(3%-27%2) = 2In3 - gln2 =25—3r/2

() Wn(/3/3) = %m(23/3) - %(31112 —In3) = (3r — 5)/4

O ) TN

21. y=e V%, dy/de = —eVZ/(2VZ) = -1/(2v/7T e¥7)

22. dy/dz = (Inz - 1)/(Inz)? 23. y=-€e"Inz,dy/dz=—-€e"(Inz+1/z)
24. y=z/z=1,dy/dz=0

25. y= %ln(zz +22), dy/de = (z + 1)/(a® + 2)

26. y=zIn10-Insinz, dy/dz =In10 — cotz

27. dy/dz = 2e > sin(e~%)

28. y =zt dy/dz = 23 *(zsec? z + 4)

29. y=Iln|a+z|-Inje-z|, dy/dc =1/(a+z)+1/(a—z) = 2a/(a® — 2?)

1 2 2
+z/vVzt+a T

30. dyfde = —————=1
Ve = Ty Y

3sec?3z + 3sec 3z tan 3z
31. d d = =
y/ o tan 3z + sec 3z 3sec3z

32. y=exp(3z?), dy/dz = 6z exp(3z?)

1 3 cosT
33. =3lnz ~ = In(5 + si =————
y=38Inz -3 +sinz), dy/ds = = - o

34. y=(nv&)", dy/dz = 3 (nv/E) (%) =1/(4zy/lnvZ)

35. dy/dz = 5 + 5e(5z)°!
36. dy/dz =7n"(rz™ )+ 2" (" In7) = 7°z" }(x + zlnx)

37. y=4e¥/e%/? = 4e*?, dy/dx = 2¢*/?



222 Solutions, Supplementary Exercises

38. 4z’ +e™(zy +y) — 29y =0, ¢ = (42® + ye™) /(2y — ze™)
39. y=¢€"(142"+e %) =e¥ + 2% 4 ¢°, dy/dx = 3e3* + 4e* + ¢°.

40. y=e"sinbz, y = e*[bcosbz + asinbx],
y" = e*[2abcosbz + (a® — b?) sinbz] so y” — 2ay’ + (a® + b2y = 0

45 @) 2R (4/5)] = 3/5 (b) 3/4

(d) cosfsin™!(—4/5)] = cos[—sin~?(4/5)] = cos[sin"'(4/5)] = 3/5
46. (a) -eoy?'[cos(—m/3)] = cos'[cos(n/3)] = n/3 (b) —2n/3

(d) sin[—sec™'(2/v/3)] = sin(—x/6) = —1/2
47. (a) =/4

(b) sin~![sin(57/4)] = sin~![sin(—7/4)] = —x/4

(c) tan(sec™!5) =26

(d) tan '[cot(r/6)] = tan"}(v/3) = /3

48. (a) let  =csc'z, sin20 = 2sinfcosd = 2(1/z)(v/z2 - 1/z) = 2v/x? — 1/2?
(b) let 6 =sin"'z, cos20 =1—2sin’4 =1 — 22°

(c) let @ =tan™'z, sin20 = 2sinfcosf = 2(z/v/1 + 22)(1/v/1 + 22) = 2z/(1 + %)

49. (a) let o =cos '(4/5), 8 =sin7}(5/13)
cos(a + ) = cosacos B — sinasin 8 = (4/5)(12/13) — (3/5)(5/13) = 33/65
(b) let o =sin!(4/5), 8 = cos™(5/13)
sin(a + B) = sinacos B + cos asin 8 = (4/5)(5/13) + (3/5)(12/13) = 56/65
tana+tanf  1/3+2
1—tanatang 1-—(1/3)(2)

(c) let a=tan"'(1/3), 8 = tan"}(2); tan(a + B8) = 7

50. (a) , (b)

Yy
1r/2Zt
J&T_g
-1 1

-m/2

y (b) Ly

X l l X
b S T
=Y R f(@)=costz+sin"lz =7n/2

51. (a)
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52.

53.

54.

55.

56.

57.

59.

60.

61.

62.

63.

64.

65.

€*/V1—e* +6/(1+ 9z?)

__ 2[sec™Y(z2)] 2

1
—(2z
2zt — 1( ) zvzt—1
z/v/1—z2+sin"lz —2/v/1-22=sin"lz

~ec™ (@)

Y/(1+v)=1/V1i-22y = (1+y%)/V1 -2

1 20+2%)  2(1+2h) 2(1+4z%) 2
1+422/(1-2%)2 (1-2%)2  (1—22)2+422  (1+22)2  1+22

3/[2Vsin™! 3z4/1 — 922] 58. —2(sin"!2z)72?/y/1 — 4x2
exp(sec ™ z)/(zv/x2 — 1)
(nz)/(14 2% — (tan"'z)/z  zlnz— (1+2%)tan'z
(Inz)2 — z(1+2z2)(Inx)?

70 2 (In ) //1 — 22

V = nR*h — nr’h = n(R? — r®)h, dV/dt = x[(R? — r*)dh/dt + h(2R dR/dt — 2r dr/dt)].
But dR/dt = dr/dt =2, dh/dt = -3 sofor R=7,r=4,and h=5
dV/dt = n[(49—-16)(—3)+5(14(2) —8(2))] = —397. The volume is decreasing at the rate of 397 m3/sec.

At any instant of time the volume of
fluidis V = ézy(20) = 10zy. By
similar triangles y/x = 8/10,

y =8z/10 so V = 8z and

dV/dt = 16z dz/dt. But dV/dt = 4

so when z = 1 we get 4 = 16 dz/dt,
dz/dt = 1/4 ft/min.

By similar triangles y
z/48 = 10/y, z = 480/y so
dz/dt = —(480/y%)dy/dt. But
dy/dt = 32 when y = 16 thus
dz/dt = —(480/16%)(32) = —60.

The shadow is moving toward the pole

at the rate of 60 ft/sec. e x ———>]

48

lim 3we 4 ¥ —1 lim 9ze3” + 6 3/2
0 2sin 2z T 250 4cos2z
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66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Solutions, Supplementary Exercises

l/a: (-—1/.’1:2)61/1 el/x (_1/x2)el/z 1
. —re g — 1 \—ljz e Jx _
b T e T g T i g i (1/2)e T = 4o
(.7: +z) — z? . T

lim hm— 2
e VT Totr o VilTs s ot \/1+1/m+1 Y

lil{)l_ x?et/* = (0)(0) =0

y= (=), lim oy = g 2200 =t = iy = e
lim(L—l> ,m0—sm0_, 1 —cosf
6—0 \ Osinf 62 650 62sinf  6-060%2cos@ + 20sin b
= lim sin @
6—0 —02sin 8 + 46 cos 6 + 2sin §
cosé

})—»0 —682cosf — 60sin8 + 6cosl =1/6

. 1-1/(1+2%) . .
:lcl—tO T bt F(l_——;’ which does not exist
l_ez—2 . _ T2 5
203 Irsin2nz | 1) 4wPcos2nT —1/(4)
9°In9 - 3*In3
ﬁm#=ln9—ln3=ln3
z—0 1
y=2z"%, lim Iny= lim —19—3;-= lim 1—0 lim y=e"=1
T—+00 T—+00 T z—+00 I r—+00
2
im 302Ny ST 8
T—+00 €T T—+00 T T—o+00 I
X
x
_ ol z—3 _ 1 3z 3
- (x—3) ’zlle-Poolny—xl—lgloo 1/z _zLuBoox—.'} =3 zETooy—e
In(1 + z)

_ lnz . — i — %
v=0+a™ Gp =g nel(42) = 10 ke
1/(1+z) lim —z(lnz)?
Tzt ~1/[z(In z)?] T o0t 14z
2
(lna:) - lim (2hnz)/z
a:—»0+ 1/.’17 -0+ —-1/1‘2
. 2Ilnzx ) 2/x .
=0 e T Sy = )=
—z(ln)2 0

=== i =el =1
Jim, 4 =7=0end limy=e

’

but hm :v(ln z)?=



CHAPTER 5
Analysis of Functions and their Graphs

SECTION 5.1

5.1.1 f(z) = z* — 2422

5.1.2

5.1.3

5.1.4

5.1.5

5.1.6

5.1.7

5.1.8

(a) Find the largest intervals where f is increasing and where f is decreasing.
(b) Find the largest intervals where f is concave up and where f is concave down.

(c) Find the location of any inflection points.

f(z) = z* - 428
(a) Find the largest intervals where f is increasing and where f is decreasing.
(b) Find the largest intervals where f is concave up and where f is concave down.

(c) Find the location of any inflection points.

flz)=x*+823+24 ,
(a) Find the largest intervals where f is increasing and where f is decreasing.
(b) Find the largest intervals where f is concave up and where f is concave down.

(c) Find the location of any inflection points.

f(z) = 5z* — 2°

(a) Find the largest intervals where f is increasing and where f is decreasing.

(b) Find the largest intervals where f is concave up and where f is concave down.
(c) Find the location of any inflection points.

f(z) = 42® — 152% — 18z + 10

(a) Find the largest intervals where f is increasing and where f is decreasing.

(b) Find the largest intervals where f is concave up and where f is concave down.
(c) Find the location of any inflection points.

f(z) = z(z - 6)*
(a) Find the largest intervals where f is increasing and where f is decreasing.
(b) Find the largest intervals where f is concave up and where f is concave down.

(c) Find the location of any inflection points.

fiz)=2* -5z +3x+1
(a) Find the largest intervals where f is increasing and where f is decreasing.
(b) Find the largest intervals where f is concave up and where f is concave down.

(c) Find the location of any inflection points.

flx)=3z" -4z +1
(a) Find the largest intervals where f is increasing and where f is decreasing.
(b) Find the largest intervals where f is concave up and where f is concave down.

(c) Find the location of any inflection points.

225



226 Questions, Section 5.1

5.1.9 f(z)=z(x + 4)°
(a) Find the largest intervals where f is increasing and where f is decreasing.
(b) Find the largest intervals where f is concave up and where f is concave down.

(c) Find the location of any inflection points.

5.1.10 f(z)=(z—4)*+4
(a) Find the largest intervals where f is increasing and where f is decreasing.
(b) Find the largest intervals where f is concave up and where f is concave down.

(c) Find the location of any inflection points.

5.1.11 f(z) = z(z— 3)°
(a) Find the largest intervals where f is increasing and where f is decreasing.
(b) Find the largest intervals where f is concave up and where f is concave down.

(c) Find the location of any inflection points.

5.1.12 f(z) = sin2z(0,n)
(a) Find the largest intervals where f is increasing and where f is decreasing.
(b) Find the largest intervals where f is concave up and where f is concave down.

(c) Find the location of any inflection points.

5.1.13 Are the following true or false?
(a) If f"(z) > 0 on the open interval (a,b) then f'(x) is increasing on (a, b).
(b) If f"(z) > 0 on the open interval (a,b) then f(z) is increasing on (a, b).
(c) If f"(z) =0, then x is a point of inflection.
(d) If 2o is a point of inflection, then f”(zo) = 0.

(e) If f'(z) is decreasing on (a,b), then f(z) is concave down on (a,b).

5.1.14 Which of the following is correct if f'(z) < 0 and f”(x) > 0 on (a, b):
(a) f(z) is increasing and concave up.
(b) f(z) is decreasing and concave up.
(c) f(z) is increasing and concave down.

(d) f(z) is decreasing and concave down.

5.1.15 Sketch a continuous curve having the following properties:
f(=3) =27, £(0) =27/2, £(3) =0, f'(z) > O for |z| >3
F'(=3)=f'(3)=0, f'(z) <0 for z < 0, f"z) > 0 for > 0.

5.1.16 Sketch a continuous curve y = f(z) for z > 0 if f(1) =0, and f'(x) = 1/z for all z > 0.
Is the curve concave up or concave down?

5.1.17 Sketch a continuous curve having the following properties:
f(0) =4, f(=2) = £(2) = 0; f'(z) > 0 for (—00,0) and
F'(z) < 0 for (0, +00), f'(z) < 0 for (—o00,+00).



SOLUTIONS

SECTION 5.1

5.1.1

5.1.2

5.1.3

5.14

5.1.5

5.1.6

f'(x) = 423 — 48z, f"(z) = 1222 — 48

(a) Increasing [—2v/3,0], [2V/3, +00) decreasing (—o0, —2v/3), [0,2V/3]
(b) Concave up (—o0,—2), (2,+00); concave down (—2,2)

(¢) (—2,-80) and (2,-80)

fl(z) = 42® — 1227, f"(x) = 1227 — 24z

(a) Increasing [3,+00); decreasing (—o0, 3]

(b) Concave up (—0,0), (2,+0c0); concave down (0, 2)
(c) (0,0) and (2,-16)

f'(z) = 423 + 2422, f"(z) = 122% + 482

(a) Increasing [—6,+00); decreasing (—oo, —6]

(b) Concave up (—o0, —4), (0, +00); concave down (—4,0)
(¢) (—4,-232) and (0,24)

f'(z) = 202® — 5z, f"(z) = 60z” — 202°

(a) Increasing [0,4]; decreasing (—o0,0], [4,+00)

(b) Concave up (—o0,0), (0,3); concave down (3, +00)
(c) (3,162)

f'(z) = 1222 — 30z - 18, f"(z) = 24z — 30
(a) Increasing (—o0,—1/2], [3,+00); decreasing [—1/2,3]
(b) Concave up (5/4,+00); concave down (—oc,5/4)

5 225
@ (3-%)
f'(z) = (z - 6)(3z - 6), f'(z) = 6z — 24
(a) Increasing (—o0,2], [6,+00); decreasing [2, 6]

(b) Concave up (4, +00); concave down (—o0,4)
(c) (4,16)

227
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5.1.7

5.1.8

5.1.9

5.1.10

5.1.11

5.1.12

5.1.13

5.1.14

Solutions, Section 5.1

f'(z) = 32* — 10z + 3, f"(z) = 62— 10
(a) Increasing (—o0,1/3], [3,+00); decreasing [1/3, 3]
(b) Concave up (5/3,+00); concave down (—00,5/3)

5 88
@ (3-%)
F(z) = 122° — 1222, f"(z) = 3622 — 24z
(a) Increasing [1,+00); decreasing (—o0, 1]

(b) Concave up (—00,0), (2/3,+00); concave down (0,2/3)
(c) (0,1) and (2/3,11/27)

() = (z+4)*4z +4), f'(z) =12z +4)(z + 2)

(a) Increasing [—1,+00); decreasing (—oo, —1]

(b) Concave up (—o0, —4), (—2, +00); concave down (—4, —2)
() (—4,0) and (—2 - 16)

f(z) =4z -4, f'(x) = 12(z - 9)*
(a) Increasing [4,+00); decreasing (—o0, 4]
(b) Concave up (—o0,+00)

(c¢) no inflection points

f'(@) = (z - 3)6z - 3), f'(z) = 30(z - 3)*(z - 1)

(a) Increasing [1/2,+00); decreasing (—o0,1/2]

(b) Concave up (—o0,1), (3,+00); concave down (1,3)
(c) (1,-32) and (3,0)

f'(z) = 2cos2z; f"(z) = —4sin 2z
(a) Increasing (0,7/4], [37/4,7); decreasing [r/4, 37 /4]

(b) Concave up [r/2,7); concave down (0, 7/2]

(¢) (n/2,0)
(a) True (b) True (c) False
(d) True (e) True

(b) only
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1
5.1.15 5116  f'(z)=——
3,272 3}y T

Concave down for (0, +00)

5.1.17
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Questions, Section 5.2

SECTION 5.2
5.2.1 Find the relative extrema for f(z) = 32° — 5z*.
5.2.2 Find the relative extrema for f(x) = 12z%° — 16z.
5.2.3 Find the relative extrema for f(x) = z2/3(5 — z).
5.2.4 Find the relative extrema for f(z) = %ms/ 3 8273,
: ; 1 ys_4 ys
5.2.5 Find the relative extrema for f(z) = 3T 3T
zt
5.2.6 Find the relative extrema for f(z) = T 272 + 1.
5.2.7 The derivative of a continuous function is f'(zx) = 2(z — 1)*(2z + 1). Find all critical points and
determine whether a relative maximum, relative minimum or neither occurs there.
. . .. 21 2 3 . .. .
5.2.8 The derivative of a continuous function is f'(z) = —z3 — -z73. Find all critical points and
determine whether a relative maximum, relative minimum or neither occurs there.
5.2.9 Find the relative extrema for f(z) = 2z + 2¢%.
5.2.10 Find the relative extrema for f(z) = 1 !
- Tz 3x3
5.2.11 Find the relative extrema for f(z) = 2/ — 42~1/3.
5.2.12 Find the relative extrema for f(z) = 6x% — 9z + 5.
5.2.13 Find the relative extrema for f(z) = z* — 622 + 17.
5.2.14 Find the relative extrema for f(z) = (z + 1)73.
5.2.15 Find the relative extrema for f(z) = x +cos2z,0 < z < 7.
5.2.16 Find the relative extrema for f(z) =z —sin2z,0 <z < .
5.2.17 Which of the following statements is correct if f’(zo) = 0 and f"(xo) = 0:
(a) zo is a local minimum (b) zp is a local maximum
(¢) zo is a point of inflection (d) Any one of (a), (b), (¢) may happen.
5.2.18 Which of the following statements about the graph of f(z) = 2z + z + 1 is correct:

(2)
(b)
(0
()
(e

1
There is a relative minimum at z = -3 and a point of inflection at z = 0.
1
There is a relative maximum at z = —3 and a point of inflection at z = 0.
There are no relative extrema, but there is a point of inflection at x = 0.
1
There is a relative minimum at z'= —3 but there is no point of inflection.

There are no local extrema and no points of inflection.



Questions, Section 5.2

5.2.19 Which of the following statements about the graph of g(z) = (z* — 1)® is correct:

(2)
(b)
(<)
()
(e)

There are three relative minima and two points of inflection.
There are two relative minima and three points of inflection.
There is one local minimum and four points of inflection.
There are no local minima and five points of inflection.

There are two relative minima and two points of inflection.
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SOLUTIONS

SECTION 5.2

5.2.1 f'(z) = 523(3z — 4);
critical points =0, 4/3

relative maximum of 0 at z =0;  f'(z):

81
z = 4/3 by first derivative test.

relative minimum of at

5.2.2 f'(z)=8z"%-16;
critical points z =0, 1/8
relative minimum of 0 at z = 0;  f'(z):
relative maximum of 1 at z = 1/8
by first derivative test.

5.2.3 f(r)= ?$‘1/3 - gx2/3;

critical points, x = 0,2

relative minimum of 0 at z =0;  f'(z):

relative maximum of 3(2)%3

at x = 2 by first derivative test.

5.2.4 flz)= 2222548 (2) £,

53 3

critical points, z = —8,0 f(z):
. . 96

relative maximum of — at z = —8§;

relative minimum of 0 at 2z =0
by first derivative test.

5.2.5 f(z)= %El/a _ %$—2/3;
critical points, x = 0,1 f(z):

relative minimum of —1 at

x = 1 by first derivative test.

+++0—--(|)+++
]

1 1

() 4/3
-—-=0+++0---

1 1

1 |

0 1/8
--—=0+++0-~ -

| 1

] 1)

0 2
+++0-~-=~-0+++
1 1
1 LI
-8 0
- =0 -=-=0+++
1 1
J )

0 1

5.2.6 f'(z) = z(z — 2)(z + 2); critical points z = -2, 0, 2. f"(z) = 32® — 4; f"(-2) > 0, f"(0) <0,
F"(2) > 0. Relative minimum of —3 at z = —2, relative maximum of 1 at £ = 0, relative minimum

of -3atxz=2.

5.2.7 f'(z)=2(z—1)*(2z +1);
critical points z = —1/2, 1 f(z):

. .. 27
relative minimum of 16 at

z = —1/2 by first derivative test.

L=, == 0+ ++0+++
1 l

T
-1/72 1

232
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5.2.8

5.2.9

5.2.10

5.2.11

5.2.12

5.2.13

5.2.14

5.2.15

5.2.16

2 L8 _ 2 .
fl(z)= 3 ;

- =-==0-=-=-0+++
critical pomts z=0,1; f(z): é 1%
relative minimum of —g at
z = 1 by first derivative test.
4

fllz)=2+ §$—1/3;

. ) -8 , +++0—-—(I)+++
critical points z = 77 0; f(z): {8 }
relative maximum of 8/27 - 57 0
at r = -578; relative minimum of
0 at z = 0 by first derivative test.
fl)=-= + 14, critical pomts z = —1,1 (z = 0 is not a critical point since z = 0 is not in the
domain of f) f(z) = -—2 - = f”( 1) > 0, f"(1) < 0. Relative minimum of —2/3 at z = —1,
relative maximum of 2/3 at z = 1.
(@) = =23 + a; 43, critical points = —1, (z = 0 is not a critical point since z = 0 is not in

the domam of f). f'(z) = %m—2/3 - 19995—7/3; f"(-=1) > 0, a relative minimum of 5 at z = —1.

13 3
f'(z) = 12, f"(3/4) > 0, relative minimum of — at z =

f'(z) = 12z — 9; critical point z = : 2

> W

f'(z) = 4z (2% — 3); critical points z = —v/3, 0, V3. f"(z) = 12(z* — 1); f” (—\/3) >0, f'(0) <
o0, f" (\/5) > 0, relative minimum of 8 at x = —v/3, relative maximum of 17 at z = 0, relative

minimum of 8 at £ = V/3.

fi(e) =

1 . .
———+1—)4/3; no critical points, (z = —1 is not in the domain of f)
z

3(

5w
!
f'(z) =1 — 2sin2z; critical points — 1 515

f"(z) = —4 cos2z; f"(12) < 0; f"<12) > 0;

V3 T
relative maximum of ﬁ + -5 @ at x = 5
relative minimum of S _ é at x = o
12 2 12
f'(xz) = 1 — 2cos 2z; critical points z = 5 5— f"(z) = 4sin 2z; f" ( ) > 0;
. 5 3 5
il <5%) < 0; relative minimum of % - ? at = %, relative maximum of ?ﬂ' + —\g_— atz = —675

5.2.17 (d) 5.2.18 (d) 5.2.19 (c)
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Questions, Section 5.3

SECTION 5.3
5.3.1 Sketch the graph of y = 5 — 2z — z%. Plot any stationary points and any points of inflection.
5.3.2 Sketch the graph of y = z3 — 922 4+ 24z — 7. Plot any stationary points and any points of inflection.
5.3.3 Sketch the graph of y = 2 + 6z2. Plot any stationary points and any points of inflection.
5.3.4 Sketch the graph of y = 2® — 5z% + 8z — 4. Plot any stationary points and any points of inflection.
5.3.5 Sketch the graph of y = 2° — 12z + 6. Plot any stationary points and any points of inflection.
5.3.6 Sketch the graph of y = z3 — 622 + 9z + 6. Plot any stationary points and any points of inflection.
5.3.7 Sketch the graph of y = 3z? — 4z + 1. Plot any stationary points and any points of inflection.
5.3.8 Sketch the graph of y = z2(9 — 2?). Plot any stationary points and any points of inflection.
5.3.9 Sketch the graph of y = 2! — 222 + 7. Plot any stationary points and any points of inflection.
3
5.3.10 Sketch the graph of y = 23+ 5:1:2 —6x+12. Plot any stationary points and any points of inflection.
2
5.3.11 Sketch the graph of y = 1) Plot any stationary points and any points of inflection. Show
any horizontal and vertical asymptotes.
2
5.3.12 Sketch the graph of y = ;"’%-—1- Plot any stationary points and any points of inflection. Show any
horizontal and vertical asymptotes.
2 _
5.3.13 Sketch the graph of y = é—_—'_-—l-:-;—z Plot any stationary points and any points of inflection. Show
any horizontal and vertical asymptotes.
322 . . . . .
5.3.14 Sketch the graph of y = o Plot any stationary points and any points of inflection. Show any
horizontal and vertical asymptotes.
8
5.3.15 Sketch the graph of y = 1 Plot any stationary points and any points of inflection. Show any
horizontal and vertical asymptotes.
2
5.3.16 Sketch the graph of y = ﬁ Plot any stationary points and any points of inflection. Show any
vertical and horizontal asymptotes.
1
5.3.17 Sketch the graph of y = pow + 1. Plot any stationary points and any points of inflection. Show
any vertical and horizontal asymptotes.
5.3.18 Sketch the graphof y=2— g — ;35 Plot any stationary points and any points of inflection. Show
any vertical and horizontal asymptotes.
| 2 1 . . S .
5.3.19 Sketch y =1+ — — —. Plot any stationary points and any points of inflection. Show any vertical
2

and horizontal asymptotes.
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5.3.20

5.3.21

5.3.22

5.3.23

5.3.24

5.3.25

5.3.26

5.3.27

5.3.28

5.3.29

5.3.30

5.3.31

5.3.32

5.3.33

5.3.34

5.3.35

5.3.36

2 _
Sketch the graph of y = x—x—3 Show all vertical, horizontal, and oblique asymptotes.

22 —2x-—2

Sketch the graph of y = 11

. Show all vertical, horizontal and oblique asymptotes.

Sketch the graph of y = 1 + (z — 2)!/3. Plot any stationary points and any inflections points.
Sketch the graph of y = z¥/3(z + 4). Plot any stationary points and any inflections points.
Sketch the graph of y = (z + 1)1/ 3(:1: — 4). Plot any stationary points and any inflections points.

Sketch the graph of y = (z + 1)2/ 3, Plot any stationary points, inflections points, and cusps which
may or may not exist.

Sketch the graph of y = £%/ 3(z +5). Plot any stationary points, inflections points, and cusps which
may or may not exist. ‘

Sketch the graph of y = z(x — 3)%/3. Plot any stationary points, inflections points, and cusps which
may or may not exist.

Sketch the graph of y = (z — 2)2/ 3 _ 1. Plot any stationary points, inflections points, and cusps
which may or may not exist.

Sketch the graph of y = z? 3z — 3)2. Plot any stationary points, inflection points, and cusps which
may or may not exist.

Sketch the graph of y = (z — 1)4/ 5. Plot any stationary points, inflection points, and cusps which
may or may not exist.

Sketch the graph of y = v/4 — z2. Plot any stationary points.

z
4z

Sketch the graph of y =

Sketch the graph of y = +/z(z — 2). Plot any stationary points and any inflection points.

Sketch the graph of y = £ — 24/z. Plot any stationary points and any inflection points.

Sketch the graph of y = %xw 2 _ 232, Plot any stationary and any inflection points.

1
Sketch the graph of y = -2-:1:4/ 3 _ 2713, Plot any stationary points and points of inflection.



SECTION 5.3
5.3.1 y=5—2z—z2
y=-2-2z
yr/ =9

5.3.2

5.3.3

5.3.4

Relative max at (—1,6)

y=xz3—92% 4+ 24z - 7

y =32% - 18z + 24

y' =6z —18

Relative maximum at (2, 13)
Inflection point at (3,11)

Relative minimum at (4,9)

y = z° + 6z?
Y =3zt + 12z
y'=6z+12

Relative maximum at (—4, 32)
Inflection point at (—2,16)

Relative minimum at (0, 0)

y=2a°—5z> 48z ~4
Y =322 — 10z +8
y' =6x—10

Relatlve maximum at P ey

Inflection point at 53
ection p 397

Relative minimum at (2, 0)

SOLUTIONS

Yy
$
432
ANV
(010))
y

 CHez
P SN

| / 0 -

236



Solutions, Section 5.3

5.3.5

5.3.6

5.3.7

5.3.8

5.3.9

Y
y =322 —12
y' =6z ©.6)
Relative maximum at (—2,22) + v - X
Inflection point at (0,6) / 1 @-10
Relative minimum at (2, —10)
y

y=x23—6224+9z+6 4

v =3z2-12z+9

y' =6z —12 L (1,10,
Relative maximum at (1,10) @,

Inflection point at (2, 8) —ex
Relative minimum at (3, 6) /

y=3z—423+1

Y =122% — 1222 P
Y = 36z% — 24z <3.

Inflection points at (0,1) and { =, —
327
Relative minimum at (1,0)

y = 922 — z*

y =18z — 42° . <;; 8l .,J S Ql)
Y’ =18 — 1222 v2,4/ 1 \¢2,4

i ; 3 8 5 45 : Qj 45\
Relative maxima. at (:i:ﬁ, 4) (/5—.4_> [ 2.4

Relative minimum at (0, 0) / OO
4
Inflection points at (:i:\/g, 15)

y=a2t—2:2 47

Y =42 -4z

y' =120 -4

Relative maximum (0, 7)

Relative minima (+1, 6)

Inflection points (:I:L, §—§) 1 (\0,7.)
V3’9 ]

237
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5.3.10

5.3.11

5.3.12

5.3.13

3
y=1a4+ "z — 6z + 12

2
Y =32 +3z -6
y' =6z +3

Relative maximum at (—2,22)

. . 161
Inflection point at 57

17
Relative minimum at (1, ?>

_(xz-3 2
y= z—1
! 4(:73_3) yn= 8(4_‘7")
@Y T -1y
Vertical asymptote at x = 1

Horizontal asymptote at y = 1

Relative minimum at (3,0)

1
Inflection point at (4, —)

9
z? , 2z
v=oarY T @Er o
z2+1 (z2+1)
"_ 2(1 - 32%)
(22 +1)°

Horizontal asymptote at y = 1

Inflecti oint t(:l:1 1)

nflection points a —=, =
P /31

Relative minimum at (0,0)

_z’—z , 3z-1
Ve Ty

y// — 6(1 — '77)
(z+1)
Vertical asymptote at z = —1

Horizontal asymptote at y = 1

1 1
Relative minimum at (5, _§)

Inflection point at (1,0)

-2,22)

YT,

Solutions, Section 5.3

=\
S
Y

<!

X1

y=1

y
)
(- '4) + .‘4)>x
x ==, z
|
: 5 y=!
"""""" A
X a0 X



Solutions, Section 5.3

3z? 24z
e Ay
v _ 24(32° +4)
(a2 - 4)°

5.3.15

5.3.16

5.3.17

Vertical asymptotes at x = £2
Horizontal asymptotes at y = 3

Relative maximum at (0,0)

8 , 16z
VET VT Ty
y 16 (4 + 3:1:2)
o (4-a
Vertical asymptotes at x = £2
Horizontal asymptotes at y =0

Relative minimum at (0, 2)

__® o 18

y_xz__gvy_ (3’,‘2—9)2
»_ 54(z*+3)
(a2 - 9)°

Vertical asymptotes at z = £3
Horizontal asymptotes at y =1

Relative maximum at (0,0)

1
L,y =——"
Y= TG Ty

y:a:—3

2
" _
SERCEE
Vertical asymptote at £ = 3

Horizontal asymptote at y = 1.

xX=-=

el

vvvvvv

== 40

<
LR L N

F

w4

1111

IIIIli
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240 Solutions, Section 5.3

5318 y=2—-—-—-—— 9y =

Vertical asymptote at z =0
Horizontal asymptote at y = 2
Relative maximum at (—2,11/4)
Inflection point at (—3,8/3)

1, 2(1-x)

_ 2 AY

2(2z -3 21
g =X - ) /*-\
Vertical asymptote at z =0 M~ | [ 1

Horizontal asymptote at y = 1 -2 2
Relative maximum at (1,2) 2-
Inflection point at (3/2,17/9)

2 _ Y
5320 y=2"3_,_3 ®
z x
so ¥y = z is an oblique asymptote 2
, T+3 v
= ) L |
” __6_ B
z3 2
5821 y=D-22-2_, 4. L <
e YETT T T z+1 [
so y = z — 3 is an oblique asymptote "
' _ :L‘(:I: + 2) 11| 1 /{‘x
(z +1)2 + 2 ;{ ~
V4
"o _l__ ",b‘
- 3 A
(.’L‘ + 1) /“ X i
5.3.22 y=1+(z—-2)3 y
r 1
v= 3(z—2)%3
"_ ___2_
9(z — 2)53 —

Inflection point at (2,1)
Vertical tangent at (2,1)
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5.3.23 y=2z"3(z +4) J
y_4=z+1)
323 27256
" o_ 4(:1: — 2)
T 9g5/3 ~— . X
.00
Relative minimum at (-1, —3) €13
Inflection points at (0,0) and (2,~ 7.56)
Vertical tangent at (0,0)
5.3.24 y=(z+1)"3z—4) y
, o 4dz-1 {
Y= 3@r1en 354102
n_ 4dr+14
V= 9@t
. bt —t- / - X
. 1 O\
Relative minimum at (—, R -—4.04) ;
4 (g, %-4.09)
Inflection points at (—3.5,~ 10.2) and (—1,0)
Vertical tangent (—1,0)
g

5.3.25 y=(z+1)3 i

)
y/ — g(x+1)—1/3
3 X
n_ _2 ~4/3 .
y'=—5+1)
9
5
y
f

G1,0)

Relative minimum at (—1,0)
Cusp at (—1,0)

5.3.26 y=2*%(z +5)

,_ 5(z+2)
- 31/3
, 10(z—1) )
= _9.’124/—3- -224.76) a.6)
Relative maximum at (-2, 4.76) / * (b 05 =X
Relative minimum and cusps at (0, 0) '

Inflection point at (1,6)



242

5.3.27

5.3.28

5.3.29

5.3.30

5.3.31

y=z(z —3)%°
;. Sz—9

Y33
n_ 10z — 36
Y = 9c—3)n

Relative maximum at (1.8, 2.04)
Cusp and relative minimum at (3,0)
Inflection point at (3.6, = 2.56)

y=(z-2*-1
.2

= Sa—
" 2

T T9@-2)%

y

Relative minimum and cusp at (2, —1)

y = 1?3z - 3)?
,_ 2(x —3)(4x - 3)
v= 3x1/3
»_ 2(202% — 30z — 9)
y = 07473
Relative maximum (3/4, = 4.18)

Relative minimum and cusp (0,0),

relative minimum (3,0)

Inflection points (=~ 1.76, ~ 2.24), (~ —0.26,~ 4.33)

y=(z—1)"
y = %(x —1)7
4
n_ . _ 1\-6/5
y -1

Relative minimum and cusp at (1,0)

y=+4—12

T

y 4 — 2

4
(4—.702)3/2

Relative maximum at (0, 2)

Solutions, Section 5.3

184209 36 2,256)

3,0

= X

=N W s o,

@,-D

N <+
w -+

s~

y

+—anC

» 4
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5.3.32 y=

5.3.33

5.3.34

5.3.35

z
44—z

; 2

VT oRE—ape

" 4z — 4

= 232(4 — )52

Inflection point at (1, —3@)

T =4 is a vertical asymptote.

y=Vz(z-2)
y 3z —2
T ogl2
w_ 3T +2
T Ax3/?

Relative minimum at (g,

y=z-2vx
’ ﬁ_l
YT e
1
2333/2

Relative minimum at (1, —1)

y= %ws/z _ 3
yl — \/E((L‘ - 3)
2
S = 3(z—1)
4z

Inflection point at (1, —%)

2 _4v6

9

)

Relative minimum at (3,~ —2.08)

Al

x=4

e U =

e X

(33,2 -1.09)

0-45)

G,%-208)

243
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5.3.36 y= _;_x4/3 gyl

;7 2($ — 1)
- 352/3

v _ 2(z+2)
T 9x5/3

Inflection points at (—2,~ 3.8) and (0,0)

Relative minimum at (1, —1.5)

238

Solutions, Section 5.3

OO
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SUPPLEMENTARY EXERCISES, CHAPTER 5

In Exercises 1-8, sketch the graph of f. Use symmetry, where possible, and show all relative extrema,
inflection points, and asymptotes.

L fe)= @ -9 2 @)=
3 _
3. f(z)= ﬁfx 4 fz)=2 - 2
5. f(z)=(Q1+2)¥33-2)'3 6. f(z)=2cos’z,0<z <.
7. f(z)=z-tanz,0<z <27 8. fz)= - ix3)2

9. Use implicit differentiation to show that a function defined implicitly by sin z+cosy = 2y has a critical
point wherever cosx = 0. Then use either the first or second derivative test to classify these critical
points as relative maxima or minima.

10. Find the equations of the tangent lines at all inflection points of the graph of

f(z) =2 —623+122% ~ 8z +3

In Exercises 11-13, find all critical points and use the first derivative test to classify them.

11.  f(z) = 2Bz - 7). 12. f(z)=2sinz — cos2z,0 < z < 2.

13. f(x)=3z— (z—1)%2

In Exercises 14-16, find all critical points and use the second derivative test (if possible) to classify them.
14. f(z)=z"Y2+ %xl/z. 15. f(z) = 2% +8/z.

16. f(z) =sin’z —cosz,0 <z < 2.

17. Find the vertical asymptote(s) of f(z) = y sz.
2
18. Find the vertical asymptote(s) of f(z) = E—-:—:éi_m—-ltj
19. Find the vertical tote(s) of f(z) = 2 - 4
. nd the vertical asymptote(s) of f(z) = —7—————.
z — 1

20. Find the vertical asymptote(s) of f(z) = Py 2



SOLUTIONS

SUPPLEMENTARY EXERCISES, CHAPTER 5

1. fl(z)=4z(z>-3)
f(z) =12(2% - 1)

2.
3. flz)=2/(1+x) ,A-"
f'(z)=-4/(1+z)° ,=
i
= -:“-____3:_"’.
: 4
I
|
|
= -ll
3
3

asymptotic to y = z* for |z] large. (-1,3) \

246
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’ _ 5—-3z A_y
5. fla)= 3(1+ )33 —z)23
" 32 | .3
7@ = =S oG o J3, 43A13)
x
l D
6. f'(z)=—4coszsinz
= —2sin2z
"(z)= —4cos2z
7. fl(z)=1-sec’z T : :
f"(x) = —2sec’ rtanz i E
I I
2 | }
|
T A Y 5
I x| 2=
| 1
| |
Pl
|
|
| |
' _ 3(8 — z) 'y
8. fl(z)= @ro? 2
_ 6(z—16) >

|

3~
(z) = (z +8) \-@i/l 8 16

|

|

|

dy _ cosz dy
dr ~ 2+siny’ dz
cos z changes sign from + to — or from — to + as x increases through zy while 2 + siny remains + so
there is a relative extremum at each critical point.

= 0 when cosz = 0. Using the first derivative test, if zq is a critical point then

d*%y _ (2+siny)sinz + cosz cos y(dy/dz)
da? (2 + siny)?
dy/dz = 0 the critical points satisfy cosz = 0 but sinz = +1 whenever cosz = 0 so

d? 2+ i *1)+0
d_zy2 = ! +(;1:l—ys)1£1 y)z 0. +1/(2 + siny) which is either + or — at a critical point so there is a
relative extremum at each critical point.

. Using the second derivative test, when
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Solutions, Supplementary Exercises

fl(z) =42® — 182 + 24z — 8
f'(x) = 122% — 36z + 24 = 12(z — 1)(z - 2)

f(z) = 0 when z = 1,2; f(1) = 2, f(2) = 3. The inflection points are (1,2) and (2, 3) because the
concavity changes at these points.

f'(1) = 2 so the tangent line at (1,2) is y — 2 =2(z — 1), y = 2z.
f'(2) = 0 so the tangent line at (2,3) is y = 3.

z—-T)(z—1
fl(z) = m——); critical points z = 0,1, 7 relative max at = 1, relative min at z = 7, vertical
72/3

tangent at z = 0.

f'(x) =2cosx + 2sin2z = 2cos + 4sinz cosr = 2cosz(1 + 2sinz);
f'(z) = 0 when cosz = 0 or sinz = —1/2; critical points = = 7/2,3n/2,7r/6,117/6
relative max at x = 7/2,3n/2, relative min at £ = 77/6,117/6

f(x)= 3(2 — Vv —1); f'(z) = 0 when vz — 1 = 2; critical point x = 5, relative max at £ = 5

-9
flz)= f;-sm; critical point z = 9 (0 is not a critical point, it is not in the domain of f)

27 —
'(z) = 3’;—:55/—::; F"(9) > 0, relative min at z = 9

f(z) = 2(z® — 4)/x?; critical point z = V4
f'(z) = 2+16/2%; f"(V4) > 0, relative min at z = V/4

f'(z) = sinz(2cosz + 1); f'(z) = 0 when sinz = 0 or cosz = —1/2, in (0,27) the critical points are
z=m,2n/3,4m/3

f"(z) = 2cos2z + cosz; f'(n) >0, f'(21/3) <0, f'(4n/3) < 0

relative max at x = 27/3,4n /3, relative min at z = 7

z
1@ = G-oe 9
T=-2,2 *
_E+ 1)z +3)  z+
f(m)_(z+1)(a:—1) T oxr -1
z=1
@+ e -2 2
f(=z) = (z + 2)2 oz 4+ 2
= -2
z -1
f(z) = :L'2(.’B 4)



CHAPTER 6
Applications of the Derivative

SECTION 6.1

6.1.1

6.1.2

6.1.3

6.1.4

6.1.5

6.1.6

6.1.7

6.1.8

6.1.9

6.1.10

6.1.11

6.1.12

6.1.13

6.1.14

6.1.15

Find the extreme values for f(z) = g + 2 on the interval [0, 100] and determine where those occur.

Find the extreme values for f(z) = 2z° — 3z% — 12z + 8 on the interval [-2,2] and determine where
those values occur.

3
Find the extreme values for f(z) = % — 2% — 3z +1 on the interval [~1,2] and determine where
those values occur.

Find the extreme values for f(z) = 2z° — 322 — 12z + 5 on the interval [0,4] and determine where
those values occur.

Find the extreme values for f(z) = z* — 622 + 5 on the interval [—1,5] and determine where those
values occur.

Find the extreme values for f(x) = 23 + g:::2 — 18z + 4 on the interval [0,4] and determine where
those values occur.

. . . L .
Find the extreme values for f(z) = z — sinx on the interval [—5, 12{] and determine where those
values occur.

Find the extreme values for f(z) = 1—2%? on the interval [—1, 1] and determine where those values
occur.

Find the extreme values for f(z) = 2secx — tanz on the interval [—%, E] and determine where

4
those values occur.

Find the extreme values for f(z) = *® — 32/% on the interval [—1,8] and determine where those
values occur.

Nz

243

Find the extreme values for f(z) = on the interval (0,+o00) and determine where those

values occur.

Find the extreme values for f(z) = ;2:6— on the interval [0, 2] and determine where those values

occur. R +1
Find the extreme values for f(z) = 1 -||:-E||x| on the interval [0,+00) and determine where those

values occur.

Find the extreme values for f(z) = p on the interval (0,1) and determine where those values

R
occur. z

2 <0

3 (—00,400) and determine where those values
>0

Find the extreme values for f(z) = {

occur.
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6.1.16

6.1.17

6.1.18

Questions, Section 6.1

-z —1 < ~1
Find the extreme values for f(z) = {1~z -1<2<1 on the interval [-2,+2] and deter-
: -1 r<l1
mine where those values occur.
1-z2 <0

Find the extreme values for f(z) = { on the interval [-2,1] and determine where

-1
those values occur.

Find the extreme values for f(z) = |3 —2z| on the interval [—2,2] and determine where those values
occur.



SOLUTIONS

SECTION 6.1

6.1.1

6.1.2

6.1.3

6.1.4

6.1.5

6.1.6

6.1.7

6.1.8

6.1.9

6.1.10

6.1.11

flz) = g +2; fl(z) = %, no critical points. f(0) = 2 and f(100) = 52 so f has a maximum of 52
at z = 100 and a minimum of 2 at z = 2.

f(x) =22% - 327 ~ 122+ 8; f'(z) = 62° -6z — 12 =6(x — 2)(z + 1). f'(z) =0 for z = —1 and
z=2. f(-2) =4; f(—1) = 15; f(2) = —12 so f has a maximum of 15 at £ = —1 and a minimum
of —12 at z = 2.

3

f(z)= % -2 -38z+1; fl(z) =2’ — 22 -3 =(z-3)(z+1). f(x)=0forz=—1and z =3, but
z = 3 is outside the interval. So f(—1) = -g, f(2)= —1?9, thus f has a maximum of —2- atz=—-1

and a minimum of —% at T =2.

f(z) =22% — 32® — 122 + 5; f'(x) = 622 — 62 — 12 = 6(z — 2)(z + 1). f'(z) = 0 when z = —1 and
z = 2, however, £ = —1 is outside the interval. f(0) =5, f(2) = —15, and f(4) = 37, thus f has a
maximum of 37 at £ = 4 and a minimum of —15 at = = 2.

f(z) =2%—-622+5; f'(z) = 32° — 120 = 3z(x —4). f'(z) =0 whenz =0 and z = 4. f(-1) = —2;
f(0) = 5; f(4) = —27; and f(5) = —20, thus, f has a maximum of 5 at z = 0 and a minimum of
—27Tatxz =4.

flx) =2° + gmz ~ 18z +4; f'(z) =322 + 32z~ 18 = 3(z — 2)(z + 3). f(z) =0 for z = 2 and
z=-3. f(0) =4; f(2) = —18; f(4) = —20, so f has a maximum of 4 at = 0 and a minimum of
—20at x =4.

f(z) = z —sinz; f'(r) =1 -cosz. f'(r) = 0 when z = 0. f(——g) = —g +1; f(0) = 0;
T _ T . -2 _m .. (r—2) _ T
f(z)—2 1, so f has a maximum of 7 atx—zandammlmumof at T = 5"

flz)=1-23 f'(z) = —3:1:21/3. f'(z) does not exist at x = 0. f(—1) =0, £(0) = 1, and £(1) =0,
thus, f has a maximum of 1 at £ = 0 and a minimum of 0 which occursat z = -1 and z = 1.

f(z) = 2secz + tanz; f'(z) = 2secxtanz + sec’z. f'(x) =0 for x = —%. f (—%) =2v2-1;

f(—z) = ﬁ; f(z) =22+ 1, so f has a maximum of 2v2+1 at z = T and a minimum of
Y 6 3 4 4
3

™ A
T atz = —E.
43 _ o, 1/3, p -3 ' .
f(z) ==z =32'°; fl(x) = 27 f'(z) =0 when z = 3/4 and f’(x) does not exist when z = 0.
T
1/3
f(=1)=4; f(0) =0; f(3/4) = —% (%) ~ —2.04; f(8) = 10. Thus, the maximum value is 10 at
3\ 3
z = 8 and the minimum value is -7 (Z) ~—-204atx= T
VT ' 3322 /
T) = , i) = —m—m—— . ) =0forz=—-1,z=0and z = 1, however, z = 0
f@) = Z 10 = g 1@
and z = —1 are outside the interval, thus f has a maximum of 1/4 at z = 1 (first derivative test).

There is no minimum.
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6.1.12

6.1.13

6.1.14

6.1.15

6.1.16

6.1.17

6.1.18

Solutions, Section 6.1

— o . . 1—‘7:2 / - - _ 1 .
(z) = ol fl(z) = @) f'(z) = 0 when z = —1 and z = 1, however, z = —1 is outside
the interval. f(0) = 0; f(1) = 1/2; and £(2) = 2/5, so f has a maximum of 1/2 at z = 1 and a
minimum of 0 at z = 0.

_z . TR 1 - . _
flz) = Ttz for z in {0, +o0); f'(z) = A+a)y so there are no critical points. f(0) = 0, thus, f

has a minimum of 0 at z = 0. There is no maximum.

1 -

flz) = 5 f(z) = Zx—lz f'(x) = 0 when z = 1/2; f'(z) does not exist at z = O or z = 1,
r— (g; -— zz)

however, both of these values are outside the interval. f has a minimum of +4 at z = 1 /2, there is

no maximum.

2
f(z)={z3 <0 : f’(x)={2x <0

z>0 322 >0

f'(z) = 0 when z = 0 which corresponds to a minimum value (first derivative test), there is no
maximum.

r—1, r< -1 -1, r< -1
fley=<1-2* -1<z<1 ; fl@)={ -2z, -1<z<1
r—1, z>1 1, z>1

f'(z) = 0 when z =0, f'(z) does not exist at £ = —1 or z = 1. F(=2) =15 f(-1) = 0; £(0) = 1;
f(1) = 0; £(2) = 1, thus, f has a maximum of 1 at z = -2,z =0, and z = 2; f has a minimum of
Oatz=-1and z =1.

2 —
f(a:)={1_z’ r<0 : f'(a:):{ 2z, :r<0-

-1, z>0 3z% >0
f(z) = 0 when z = 0. f(-2) = -3, £(0) = —1, f(1) =0, thus, f has a maximum of 0 at z = 1
and a minimum of —3 at z = —2.
3—-2z, £<3/2
~3+2z, z>3/2

-2, z<3/2

f(z)=3_2x={ 2, z>3/2°

o fle)= {

f'(x) does not exist at z = 3/2. f(-2)=17f (g) =0, f(2) =1, thus, f has a maximum of 7 at
z = —2 and a minimum of 0 at z = 3/2.

A



Questions, Section 6.2 ) 253

SECTION 6.2

6.2.1

6.2.2

6.2.3

6.2.4

6.2.5

6.2.6

6.2.7

6.2.8

6.2.9

6.2.10

6.2.11

Express the number 25 as a sum of two nonnegative terms whose product is as large as possible.

A rectangular lot is to be bounded by a fence on three sides and by a wall on the fourth side. Two
kinds of fencing will be used with heavy duty fencing selling for $4 a foot on the side opposite
the wall. The two remaining sides will use standard fencing selling for $3 a foot. What are the
dimensions of the rectangular plot of greatest area that can be fenced in at a cost of $6600?

A sheet of cardboard 18 in square is used to make an open box by cutting squares of equal size
from the corners and folding up the sides. What size squares should be cut to obtain a box with
largest possible volume?

Prove that (2,0) is the closest point on the curve z? + y% = 4 to (4,0).

Find the dimensions of the rectangle of greatest area that can be inscribed in a circle of
radius a.

A divided field is to be )

constructed with 4000 feet of |

fence as shown. For what value : ; y

of z will the area be a maximum? _L
F———

Find the dimensions of the rectangle

of maximum area which may be embedded
in a right triangle with sides of

length 12, 16, and 20 feet as shown

in the figure.

The infield of a 440 yard track
consists of a rectangle and 2
semicircles. To what dimensions
should the track be built in
order to maximize the area of
the rectangle?

A long strip of copper 8 inches wide is to be made into a rain gutter by turning up the sides to form
a trough with a rectangular cross section. Find the dimensions of the cross section if the carrying
capacity of the trough is to be a maximum.

An isosceles triangle is drawn with its vertex at the origin and its base parallel to the z axis. The
vertices of the base are on the curve 5y = 25 — z?. Find the area of the largest such triangle.

The strength of a beam with a
rectangular cross section varies
directly as = and as the square

of y. What are the dimensions

of the strongest beam that can

be sawed out of a round log whose
diameter is d? See figure on

right.




Questions, Section 6.2 . 253

SECTION 6.2

6.2.1

6.2.2

6.2.3

6.2.4

6.2.5

6.2.6

6.2.7

6.2.8

6.2.9

6.2.10

6.2.11

Express the number 25 as a sum of two nonnegative terms whose product is as large as possible.

A rectangular lot is to be bounded by a fence on three sides and by a wall on the fourth side. Two
kinds of fencing will be used with heavy duty fencing selling for $4 a foot on the side opposite
the wall. The two remaining sides will use standard fencing selling for $3 a foot. What are the
dimensions of the rectangular plot of greatest area that can be fenced in at a cost of $6600?

A sheet of cardboard 18 in square is used to make an open box by cutting squares of equal size
from the corners and folding up the sides. What size squares should be cut to obtain a box with
largest possible volume?

Prove that (2,0) is the closest point on the curve z? + 3% = 4 to (4,0).

Find the dimensions of the rectangle of greatest area that can be inscribed in a circle of
radius a.

A divided field is to be ' T
y

constructed with 4000 feet of
fence as shown. For what value
of = will the area be a maximum?

Find the dimensions of the rectangle

of maximum area which may be embedded
in a right triangle with sides of

length 12, 16, and 20 feet as shown

in the figure.

The infield of a 440 yard track
consists of a rectangle and 2
semicircles. To what dimensions
should the track be built in
order to maximize the area of
the rectangle?

A long strip of copper 8 inches wide is to be made into a rain gutter by turning up the sides to form
a trough with a rectangular cross section. Find the dimensions of the cross section if the carrying
capacity of the trough is to be a maximum.

An isosceles triangle is drawn with its vertex at the origin and its base parallel to the z axis. The
vertices of the base are on the curve 5y = 25 — 2. Find the area of the largest such triangle.

The strength of a beam with a
rectangular cross section varies
directly as z and as the square

of y. What are the dimensions

of the strongest beam that can

be sawed out of a round log whose
diameter is d? See figure on

right.




Questions, Section 6.2 255

6.2.26

6.2.27

6.2.28

6.2.29

6.2.30

6.2.31

6.2.32

6.2.33

6.2.34

6.2.35

6.2.36

6.2.37

The product of 2 positive numbers is 48. Find the numbers, if the sum of one number and the cube
of the other is to be minimum.

Find values for z and y such that their product is a minimum if y = 2z — 10.

A container with a square base, vertical sides and open top is to be made from 192 ft? of material.
Find the dimensions of the container with greatest volume.

The cost of fuel used in propelling a dirigible varies as the square of its speed and is $200/hour
when the speed is 100 miles/hour. Other expenses amount to $300/hour. Find the most economical
speed for a voyage of 1000 miles.

A rectangular garden is to be laid out with one side adjoining a neighbor’s lot and is to contain
675 ft2. If the neighbor agrees to pay for half the dividing fence, what should the dimensions of the
garden be to insure a minimum cost of enclosure?

A rectangle is to have.an area of 32 in?. What should be its dimensions if the distance from one
corner to the mid-point of a nonadjacent side is to be a minimum?

A slice of pizza, in the form of a sector of a circle, is to have a perimeter of 24 inches. What should

be the radius of the pan to make the slice of pizza largest. (Hint: the area of a sector of a circle,
2

A= %9 where 8 is the central angle in radian and the arc length along a circle is § = 78 with 8
in radians.)

Find the point on the parabola 2y = z% which is closest to (4,1).

A line is drawn through the point P(3,4) so that it intersects the y—axis at A(0,y) and the z—axis
at B(z,0). Find the smallest triangle formed if x and y are positive.

An open cylindrical trash can is to hold 6 cubic feet of material. What should be its dimensions if
the cost of material used is to be a minimum? [Surface Area, S = 2wrh where r = radius and h =
height.]

Two fences, 16 feet apart are to be
constructed so that the first fence
is 2 feet high and the second fence
is higher than the first. What is
the length of the shortest pole
that has one end on the ground,
passing over the first fence and
reaches the second fence?

See figure.

A line is drawn through the point P(3,4) so that it intersects the y—axis at A(0,y) and the z—axis
at B(z,0). Find the equation of the line through AB if the triangle formed is to have a minimum
area and both z and y are positive.



SOLUTIONS

SECTION 6.2

6.2.1

6.2.2

6.2.3

6.2.4

6.2.5

Let x = one number, y = the other number, and P = xy where z + y = 25 thus y = 25 — = so

P dP
P = z(25 — z) = 25z — z% for z in [0, 25]. Z— = 25— 2z, e 0 when z = 12.5. If z = 0,12.5,25

T T
then P =0,156.25,0 so P is maximum when z = 12.5 and y = 12.5.

A = zy is subject to the cost

condition 4z + 3(2y) = 6600 or

Heavy-duty
y = 1100 — ;:c Thus :

2 2x2
A=z (1100— gz) = 1100z — 3

Standard y
for x in [0,1650]. % = 1100 — %f, e

% =0 when z = 825 VT I TSI IEds
dx ’

If x = 0,825,1650 then .

A =0,453,750,0. So the area is
greatest when z = 825 feet and
y = 5530 feet.

wall

v=z(18-2z)2for0<z <9

dv dv

. =12(z — 9)(z — 3), . =0 when
z=3for0<z<9. Ifz=0,3,9 then

v =0,432,0. So the volume is "0 v

]
)
largest when z = 3 in. ‘ ‘

Let P(z,y) be a point on the curve 22 + y2 = 4. The distance between P(z,%) and Py(4,0)

isD=+(z~4)2+y2but y> =4—2%2s0 D=+/(z — 4)2 + (4 — 22) = 2v/5 — 2z for

—2<zr<2 Q:

-2
dr 5-2z
then D = 6,2 so the closest point occurs when z =2 and y = 0.
»

which has no critical points for -2 <z < 2. If x = —2,2

A = zy and 2? + 3? = 4a?, thus
y? = 4a® — 2% and y = V/4a? — 22.
A(z) = z/4a? — 22 for [0,2a];

Al(z) = 4_"2’ﬁ”2_. Al(z)=0 2
Via? — 222’ 8 v
for z in [0,2a] when z = v/2a, . X

thus, A(0) =0; A (\/ia) = 2a%;
A(2a) = 0; so, the area is maximum

when z = v2a and y = /442 — 2a2 = V2a.

256



Solutions, Section 6.2

6.2.6

6.2.7

6.2.8

6.2.9

A = zy and 2z + 4y = 4000

z = 2000 — 2y and

A(y) = (2000 — 2y)(y) = 2 (1000y —y°)
for y in [0,1000].

A'(y) = 2(1000 ~ 2y); A'(y) =0

for y in [0,1000] when y = 500,

thus, A(0) = 0, A(500) = 500000,
A(1000) = 0, so the area is maximum
when y = 500 and z = 1000.

Let z and y be the dimensions as

shown in the figure, then A = zy,
and by similar triangles,

-
z 16—y Y= 48 — 4z i
12 16’7 3 ’
Ly A5
Alz) = 2(48 — 4z) for z in {0,12]. /
3 Yy
- — 1
A(z) =B d a) =0 — 12—
when z = 6. Thus, A(0) = 0; A(6) = 48;
. . 48—-4-6
A(12) = 0 so the area is a maximum when z = 6 and y = — = 8.
Let z and y be the dimensions as L -
shown in the figure, then A = zy, [* x
and, 2z + 7y = 440, (radius of
.y 440 — 7y (
semicircle is =), 2 = —— !
2 2 A | /.
[}
— 440 — 2 220
A(y) = 440y2 ULy [0, %9] Aly) = __0_2_7"3/ and A'(y) =0 when y = -

A(0)=0, A (@) = 24200, A (ﬂ) = 0, so the maximum area of the rectangle is
s T

™
)

24200 when y = 20 and z = 110.
7r i

Let  be as shown in the figure.

Then the area of the cross section

is A(z) = z(8 — 2z) or A(z) = 8z — 2z
for z in [0,4]. — =8 — 4z and

JA dz

— =0 when z =2. A(0) =0;

T
A(2) = 8; A(4) =0, thus, the

carrying capacity is a maximum
when the cross sectional area is 8.
This occurs when z = 2.

——

8~2,'c
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6.2.10

6.2.11

6.2.12

Solutions, Section 6.2

Let z and y be as shown in the

figure. The area of the triangle 3
_ 2
is A= %(Zzy) =zyand y= Bz (0,5
25 _ 22 _ .3 (xy)

soA(aI):z( w)=25x5z Y

' _ 25 — 3(62 - C
for [0,5]. A'(z) = Z—=, 50) \SO),
A'(z) =0 for z in [0,5] when

5
z= ﬂ, thus, A(0) =0, A 5v3) _ M,
3 3 9

A(5) = 0 so the maximum area of occurs when z = 57\/5 and y = }39

Let S = kxy? be the strength of the beam where k is a constant. z% + 3? = d?, y* = d? — z? and
3d
S(x) = kx (d® — 2?) for [0,d]. S'(z) = k (d® — 32%); §'(z) = O for z in [0,d] when z = \/—_—, thus,

3
3 2 d3
S@0)=0,S \/3§d = 2\/§kd , S(d) = 0 so the strength of the beam is a maximum of \/gk
V3d V6d
when x = 3 and y = 3

Let £ and y be as shown in

the figure. A = %zy and

2
T+t =36%0 6 6
2 _ 2
y2=36—x—=uthus
4 4
1 144 — z2 V144 — z2 'l— ——4
Alg) =3z 4'T =z . " for z in [0,12]. x
144 — 222
A(z) = ————=—=, A'(z) =0 for z in [0,12] when = = 6v/2, thus, A(0) =0,
(@) = s, 4(2) 0.12] w ©

A (6\/5) =18, A(12) = 0 so the largest possible isosceles triangle with 2 sides
equal to 6 has an area of 18 when z = 6v/2 and y = 3v/2.



Solutions, Section 6.2

6.2.13 Refer to the figure on the right.
The distance from the lighthouse
to the dock, then to town is

V64 + 22 + 18 — z. The time Ilghfh;ug

required to move supplies is

V64 + 22 -
T(z)= 6 7+a: + 1825:1: for z

in [0,18]. T'(x) =

T 1 8
V64 + 22 25

259

T'(z) =0 when z = g, thus, ¥

3
T(18) = 2.81, so the minimum time

T(0)=1.86,T (z) = 1.82, and

for shipment is 1.82 hours when the dock

is located 18 — % = 15§ miles from town.

2
6.2.14 S =2nrh and hZ + 7% = 16, so,
2

7'2=16——4—and +

2
S(h) = 2mhy[16 — %- = 7h\/64 — h? !

fOI.‘ h in [0,8]. S'(h) =0 for h/?l 4
k in [0,8] when h = 4V/2, thus,

5(0) = 0, S(4v/2) = 327, and S(8) = 0,
so, the cylinder of largest lateral

area is 327 with h = 4v/2 and r = 2v/2.

6.2.15 Let z be as shown in the figure.

Then A(z) = %(10 +10+ 22)v/100 — 22
= (10 + 2)V/100 — 2 for z in [0, 10].
Az) = (10+ z)(—=z)

/100 — z2

+ v100 — 22 or

X gock 18-

town

100 — 10z — 222 X 10

Alz) = N .A(z)=0

x

for z in [0, 10] when z = 5, so A(0) = 100, A(5) = 75v/3, A(10) = 0, thus the maximum area of the

trapezoid is 75v/3 when z = 5 and the 4th side is 20.

6.2.16 S = kzy® and from the figure, 22+ 3% = 4, so y = V4 — 22 and S(z) = kz(4 — 2%)*? for z in [0,2}.

S'(z)=k [—3:1:2 (4- 1:2)1/2 + (4 - 2%) 3/2] or §'(z) = 4k (1 — z%) /4 — z2.

S'(z) = 0 for z in [0,2] when z = 1 and z = 2. S(0) = 0, S(1) = k3%2, §(2) = 0 so the stiffest

beam is k3%2 when z = 1 and y = V/3.
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6.2.17 Let = and y be as shown in the

Solutions, Section 6.2

figure. A = zy and by similar

l‘—A-ﬁ

trianel 4—y_£ 12—z X
iangles, ——= = o soy=— y

_ _ 2 l
and A(z) ==z 2-z)_1%-c for I( 12

3 3

12 -2z

z in [0,12]. A'(z) =
the maximum area of the rectangle is 12 when z = 6 and y = 2.

6.2.18 Refer to the figure on the right.

2
A=2:cyandy=4—Zso

and A'(z) = 0 when z = 6, thus, A(0) = 0, A(6) = 12, A(12) = 0 so

— 72 3 Yy
Alz) = 22 16—z _ 16z — z for Vo>
4 2 §
) 16 — 32 +
z in [0,4]. A'(z) = — T (xy)
and A'(z) = 0 for z in [0, 4] _ +
c40)/ |, . o] 400 x
' L] ¥ L] L4 L v ‘ —
when z = %g, thus, A(0) =0, a
4v3\  64V3
A _ = — A =
(45) -5 -0
so, the maximum area of the rectangle is 3 when z = %?_’ and y = 2

6.2.19 Refer to the figure on right.
16 — z2
4

1
A= 5(8+2x)y and y =

_ g2
so A(z) = %(8+2m) (164 e ) or Yo

A

_ 64+ 16z — 422 — 23

)

n
T T Al n g

A(z) 1 for z in / T s
—8p 342 4
0,4]. Al(g)=18=82-32" @of, 1, Nwo_ |

4
A(z) = &w and A'(z) = 0
for z in [0,4] when ¢ = %, thus,
4 512
A(0) =1 2V =222 A4 =
©=15,4(3) =32 4w =0,
thus, the maximum area of the trapezoid is 52—172 when z = g and y = %
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6.2.20

6.2.21

6.2.22

6.2.23

6.2.24

Let the area of the printed matter l
be zy. The area of the poster is 4"
A= (z+4)(y+8), thus, ‘
A =y + 4y + 8z + 32; since zy = 50, -1
. 200 27— f— y

substituting, A = 82 + - + 8z for

(dA _ 200 . dA |
O0<z<+o0 az 74—8,%—0 pr
for = 5. By second derivative test, '
the minimum area of the poster is 162 o X

square inches when z = 5 and y = 10.

The area of the enclosure is

1
A=xy=18050y=—8—0

s
The cost of the walls is 'b X ——>|

C =10z + 3(6)y = 10z + 18 (lio)

b
Y
4!

for 0 < z < 4o0; ég =10 - —— 3240
dr 2?2
dC .
Pl 0 when z = 18. By second derivative test,

the minimum cost is $360 when z = 18 ft and y = 10 ft.

V=nr’h=16,s0 h = 16 and the total surface area of the can is
™

r2
2 dS 32 dS
S = 2nr? + 27rh = 2712 + (277) 16 = 21rr2+3—, for 0 <r <+o0, = =dmr— —. — =0
wr2 r dr r2’ dr
when r = % in. By the second derivative test, the minimum surface area is 24/7 in?> when
4
r—%m andh—%m.
Let z = one number, y = the other number; S = x + y given that z + y? = 30. Thus, z = 30 — y?
1 .
and § =30—y%+y for —c0 < y < +oo. d—y = =2y+1, d_y =0wheny= 7 By second derivative
1 11
test, S has a maximum of % when y = 3 and z = —49
Let £ and y be the dimensions
shown in the figure. The surface
area S =2’ +4zy and V = zly = 32, y
2 1 '
thus,y=3—2-andS— +—8for ‘ j N
r s
ds 128 ds ol X
i, )i it
0<z<+oo, . i =0 X
d*s 256

Whenx-—4andd———2+ > 0 so, S has a minimum of 48 in? when £ =4 and y = 2.
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6.2.25

6.2.26

6.2.27

6.2.28

6.2.29

Solutions, Section 6.2

Let d = /(z — 3)2+ (y — 0)2 = /(z — 3)2 + 32 but
y=vVzsod=+/(z—3)2+=z

for 0 <z < 4o0.

Let S =d? = (z —3)? + =z,

y _
%§=2(z—3)+1andj—§=0when 6y
5 ; y=vx
x=§.When:L'=O,d=3andWhen ‘
T = §, d= @ so the minimum x
2 2 (3,0
V11

distance is 5 which occurs

5 5
h = - =4/=.
when z 2andy 5

Let z = one positive number and y = the other positive number, then S = z + y* given that

48 48 ds —48
zy=48,50, 2= —and S= —+ 3 for0 <y < +00. — = — +3 250 — =0 when y = 2.
dZS y y Y Y - 2 T

W > 0 for y = 2 so the minimum sum of the two numbers is 32 when z = 24 and y = 2.

Let z = one number and y = other number. P = zy and y = 2z — 10 so P = z(2z — 10) for z in
P P d’pP 25
(—00,+00). Z_x = 4z — 10 so, %—; = 0 when z = 2 > 0 so the minimum product is Y

when z = 3 and y = —5.

Let  and y be as shown in the
figure. V = 2%y and 2% + 4zy = 192,
192 — 22 o (192 — 22
soy-TandV—m (T)
192z — z° '
=#for0<x§8\/§. ) NEEpRE J
re

dV. 192 ~ 3z? | . x
_zuandﬂ=0whenx=8. k’

When = 8, V = 256 and when z = 8v/3,

V =0, so the maximum volume is 256

orV

which occurs when z = 8 and y = 4.

Let z be the speed of the dirigible and t = 1000 be the length of time of the voyage. Let F = ka?

x
F 200 1 z?
be the cost of fuel, then k = == W =0 so that F = 50

2
($—+300) (1—?9> g 4 200000 6 < 2 < 4o

50 T
. 2

o _ 20—M; ac = 0 for z = v/15000 = 50v/6 and c

dz 2 dx dz?

is a minimum when z = 50v/6 miles/hour.

The total cost of the voyage is C' =

> 0 for z > 0 so the cost
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6.2.30 Let 2 and y be the dimensions

shown in the figure. The cost

3
of fencing is C = 2z + 7y’ then

zy =675 and z = 9;—5 so that

67
C=2-—§+@for0<y<+oo.
y 2
dC 1350 3 dC
Ty gy~
for y = 30, dz_Cz' > 0 so that
dy
the cost of fencing is a minimum

when y = 30 and = = 4—25

6.2.31 Let z, y, and D be as shown in

2
the figure. Let L = D? = 22 + %

2
The area =2y =32s0 z = §y— and

2 2
L3 ¥ _ 10
y 4 ¢
dL 2048 2y
0<y<+oo.@=—?—+zand

2
+?—{4— for

£=0fory>0wheny=8.
% > 0 when y = 8 so that the
minimum distance is 4v/2

when x = 4 and y = 8.

6.2.32 Let r and 6 be as shown in the
diagram. The perimeter of the slice

is P = 2r + r@ = 24 and the area of
24 — 2r

r

the slice is A = %720. 6=

2 —
andA:%rz( 47_27‘):1‘(12—1’):127‘—1‘2
for0<r<12. d—A-=12—2r,ﬁ=0

dr dr

whenr =6. Whenr =6, A =36
and when r = 12, A =0, so the
slice of pizza is largest when the

radius of the pan is 6 inches.

Neighbor's 2
ot 675 fr
x
p 4
Yy
2 D
x

263
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6.2.33

6.2.34

6.2.35

6.2.36

Solutions, Section 6.2

Let d = \/(z — 4)2 + (y — 1)2 be the distance from (4, 1) to any point on the parabola. Substitute

2 2
1
2y = % into d to get d = \/(:1:-—4)2+ (%:ﬁ - 1) , then, let S = d? = (z — 4)* + (5.7:2 - 1) for

d d? .
z in (—o0,400). £ = 2% — 8 which is zero when z = 2. Since d_a;’ = 3z% > 0, S has a minimum
when z = 2 and the closest point on the parabola 2y = z° to (4,1) is (2,2).

1
A= Exy. The slope of the line y
through (3,4) may be expressed as A0.Y )?
4—y 0-4 44—y —4

or = ; thus

3—-0 z-3 T z-3 P(3.4)

3
4z 1 4z 222
y=g3ada=30) (1—3)_.75—3

dA  2z%2-12¢x dA &
for (3, +00). e (rc——3)2_’ P 0 B0x,0)

when z = 6. By the first derivative test, the area of the triangle is a minimum when z = 6 and
y=8.

6
Let r be the radius of the can and h be its height. Then S = nr®+2nrh. V=6 = nr’hsoh = -
12 2 d 6 d’S
and § = 7r? + = for 0 < 7 < +o0. §=27rr—1—, —S = 0 when r = {/ —. —— > 0 so the
r dr r2’ dr m  dr

. .. /6 6
surface area S is a minimum when r = {/ — and h = ¢/ —.
T T

Let z = AB + BC so that
x = 2csc + 16sech for 6 in (0,7/2).

d—: = —2cscfcotf 4 16sechtanb,

dz 1
= =0 f 3=
20 0 for tan” 6 g thus,

1
tanf = X 0 =~ 26.6°. By first

derivative test, z is a minimum
when § ~ 26.6°. To find z,

construct a triangle such that

tanf = % as follows

5 1

2

x=20500+16sec0=2-\/5+16-§=10\/E_>.
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6.2.37 The line through (3,4) intersects
the z—axis at (z,0) and the y—axis
1
at (0,y). A= 5y and the slope of 09§
[
4—y 0-4
3-0 z-3
4—y 4 4z 349

- = d
3 z_g s y=_—gan

A= %(m) < 4?3) = 22° for (3, +00).

z—3
dA  222-12z dA
dz = (z-3)2 dz
By first derivative test, the area

the line through (3,4) is

or

T > X

(x0)

=0 for x = 6.

Is a minimum when z = 6 and y = 8. The slope of the line drawn through (3,4) with intercepts

at (0,8) and (6,0) is m = -—g and the equation of the line is 4z + 3y — 24 = 0.
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SECTION 6.3

6.3.1 The graph below depicts the position function of a particle moving on a coordinate line at three
different times. For each time specify whether the particle is moving to the left or right and whether
or not it is speeding up or slowing

6.3.2 The graph below depicts the position function of a particle moving on a coordinate line at three
different times. For each time, specify whether the particle is moving to the left or right and
whether or not it is speeding up or slowing down.

AS

6.3.3 The graph below depicts the position function of a particle moving on a coordinate line at three
different times. For each time, specify whether the particle is moving to the left or right and
whether or not it is speeding up or slowing down.

1e

v

6.3.4 The graph below depicts the position function of a particle moving on a coordinate line at three
different times. For each time, specify whether the particle is moving to the left or right and
whether or not it is speeding up or slowing down.



Questions, Section 6.3 267

6.3.5

6.3.6

6.3.7

6.3.8

6.3.9

6.3.10

6.3.11

6.3.12

6.3.13

6.3.14

6.3.15

6.3.16

6.3.17

Let s = 23 — 12t + 4t + 9; find s and v when a = 0.
Let s = 4t® — 12¢%; find s and v when a = 0.
Let s = 3t — 9t — 5t + 2; find s and v when a = 0.

Let s = 2t> — 6t — 9 be the position function of a particle. Find the maximum speed of the particle
during the time interval 1 < ¢ < 4.

Let s =t — 5t — 6 be the position function of a particle. Find the maximum speed of the particle
during the time interval 0 <t < 6.

The position function of a particle is given by s = 3t> — 4t + 1 for ¢t > 0. Describe the motion of
the particle and make a sketch.

The position function of a particle is given by s = 23 — 9¢>+ 12t +5 for ¢ > 0. Describe the motion
of the particle and make a sketch.

The position function of a particle is given by s = 4t — 122 + 9t — 1 for ¢ > 0. Describe the motion
of the particle and make a sketch.

The position function of a particle is given by s = ¢(t — 6)? for t > 0. Describe the motion of the
particle and make a sketch.

The position function of a particle is given by s = t* — 3t> — 9¢ for ¢t > 0. Describe the motion of
the particle and make a ske‘tch.

The position function of a particle is given by s = t> — 5t 4 3¢ for t > 0. Describe the motion of
the particle and make a sketch.

1 . .
The position function of a particle is given by s = gts —3t248t+1 for t > 0. Describe the motion
of the particle and make a sketch.

The position function of a particle is given by s = 2> — 5¢% + 4t — 3 for ¢ > 0. Describe the motion
of the particle and make a sketch.



SOLUTIONS

SECTION 6.3

6.3.1

6.3.2

6.3.3

6.3.4

6.3.5

6.3.6

6.3.7

6.3.8

6.3.9

6.3.10

6.3.11

ds d2s
Att =1, v=— , 4= —
1, ¥ >0,a p7s

t =13, v <0, a < 0 so the particle is moving left and speeding up; at t = t3, v < 0, a > 0 so the
particle is moving to the left and slowing down.

< 0 so the particle is moving to the right and slowing down; at

d d? .
Att =1, v = & <0,a= E—j > 0 so the particle is moving to the left and slowing down; at

t =t3, v > 0, a < 0 so the particle is moving to the right and slowing down; at t =t3,v < 0,2 <0
so the particle is moving to the left and speeding up.

ds d%s
Att=t,v=20 =23
1,V <0,a prs

v < 0 and a > 0 so the particle is moving to the left and slowing down; at t =t3, v > 0, @ > 0 so
the particle is moving to the right and speeding up.

< 0 so the particle is moving to the left and speeding up; at ¢ = ¢,,

d
Attt =1t,v = d_s <0,a= % > 0 so the particle is moving to the left and slowing down; at

t =13, v >0, a < 0 so the particle is moving to the right and slowing down; at t =t3, v < 0,a < 0
so the particle is moving to the left and speeding up.

v =3(2t%) — 12(2t) + 4(1) = 6% — 24t + 4; a = 6(2t) — 24(1) = 12¢ — 24,
when a =0, ¢t =2 and s = 2(2)% — 12(2)? + 4(2) + 9 = —15 and v = 6(2)? — 24(2) + 4 = —20.

v = 3(4t%) — 12(2t) = 122 — 24¢t; a = 12(2t) — 24(1) = 24t — 24, when a = 0, t = 1 and
s=4(1)>-12(1) = -8 and v = 12(1)% — 24(1) = —12.

v = 3(3t%) — 9(2¢t) — 5(1) = 9> — 18t — 5; a = 9(2t) — 18(1) = 18t — 18, whena = 0, ¢ = 1 and

s=3(1)*-9(1)* - 5(1) +2=—9 and v = 9(1)* — 18(1) — 5 = —14.

v = 4t — 6, speed = |v| = |4t — 6]. % does not exist at ¢ = 3/2 which is the only critical point,
3 |

t I 1 ’ 5 4

v} l 2 | 0 | 10

thus , 50, the maximum speed is 10,

d . .
v =2t — 5, speed = |v| = |2t — 5|. d—lt) does not exist at t = 5/2 which is the only critical point,

t |o]5/2]6 . .
thus |'0||5| 0 |7 , 50, the maximum speed is 7.
s=38t"—4t+1 | SPEEDING UP
'U=6t—4 l=2/ [ }
3
a=6 S’DOPPED( < .
SLOWING DOWN
—t —

s=2t3 - 9t2+12t+5
v="6t"—18t+12 = 6(t — 2)(t — 1)
a=12t— 18 = 6(2t — 3)

268
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6.3.12 s=485—-122+9t -1
v=12t* — 24t 4+ 9 = 3(2t — 1)(2t — 3)

a=24t—24=24(t— 1) SPEEDING UP
| L 32 < g tal )
STOPPED —8
t=1/2

4
SLOWING DOWN STOPPED
L

t t - S
-1 0 1
6.3.13 s=1t(t—6) & SPEEDING UR
_ -
v=3(t—6)(t—2) r=6( a
a=06(t—4) STOPPED 1}
WING DOWN 1=2
SLOWING DOWNy  JeropPED
L
+ + i S
(o] 16 32
6.3.14 s=1t>—3t2—9¢
v=32~6t—-9=3(t—3)(t+1)
a=6t—-6=6(t—1)
1=3 S SPEEDING uP\:
STOPPED il
SLOWING ¥
DOWN
+ t —8 S
-27 -n 0
6.3.15 s=1t>—52+3¢t
v=3t" - 10t +3 = (3t — 1)(¢t — 3)
a=6t—10
{speedlng up
t=3 . -
stopped 't =573 {
\ slowing down )t = 1/3, stopped
| "\ slowing down
-9 0 -
6.3.16 s=1/3t—3t*+ 8t +1 R < >
v=t*—6t+8 stopped t=: speeding up
a=2t—-6. slowing down \" t = 2, stopped
L | | s
0 1 8
t=1 \ >
STOPPED t = 3% __—SPEEDING UP
=23
6.3.17 s=20—522+4t—3 s.m' PED
v=62-10t+4 P
a=12t—10 SLOWING DOWN
L | [ ] )
v 1 | ]

-3 -2 Sy,

269
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Questions, Section 6.4

SECTION 6.4

6.4.1

6.4.2

6.4.3

6.4.4

6.4.5

6.4.6

6.4.7

6.4.8

6.4.9

6.4.10

6.4.11

6.4.12

6.4.13

6.4.14

6.4.15

6.4.16

Approximate v/3 by applying Newton’s Method to the equation 2% — 3 = 0.
Approximate v11 by applying Newton’s Method to the equation z? — 11 = 0.
Approximate v/84 by applying Newton’s Method to the equation z2 — 84 = 0.
Approximate V66 by applying Newton’s Method to the equation z? — 66 = 0.
Approximate v97 by applying Newton’s Method to the equation z2 — 97 = 0.
Approximate v/10 by applying Newton’s Method to the equationz® — 10 = 0.
Approximate v/25 by applying Newton’s Method to the equationz® — 25 = 0.
Approximate —v/72 by applying Newton’s Method to the equation z* + 72 = 0.
Approximate v/36 by applying Newton’s Method to the equation z* — 36 = 0.
Approximate —v/34 by applying Newton’s Method to the equation z° + 34 = 0.

The equation, 23

Method.

— z — 2 = 0 has one real solution for 1 < z < 2. Approximate it by Newton’s
The equation, z° — 3z + 1 = 0 has one real solution for 0 < £ < 1. Approximate it by Newton’s

Method.

The equation, 2* + 22 — 3z — 3 = 0 has one real solution for z > 1. Approximate it by Newton’s
Method.

The equation, z3 + 2 — 3z — 3 = 0 has one real solution for -2 < z < —1. Approximate it by
Newton’s Method.

The equation, 23 — 2% — 22+ 1 = 0 has one real solution for 1 < z < 2. Approximate it by Newton’s
Method.

The equation, sinz = /3 has one real solution for er- < x < w. Approximate it by Newton’s
Method. »



SECTION 6.4

6.4.1

6.4.3

6.4.5

6.4.7

6.4.9

flz) =22 -3

fl@) =2z

z2+3
2z,

Tntl =

Xy = 1

Xo = 2

z3 =1.75

z4 = 1.7321429
x5 = 1.7320508
T6 = 1.7320508

flz) =22 -84
fl@) =2z

_z2484
Tntl = 2,
r = 9

T2 = 9.1666667
T3 = 9.1651515
T4 = 9.1651514
5 = 9.1651514

flx) =22 -97

fl(z) =2z

z2 +97
2z,

Tptl =

Iy = 10

Ty = 9.95

z3 = 9.8488579
x4 = 9.8488578
Ty = 9.8488578

f(z) =2*—25
f'(z) = 32

Tptl =Tp —

z3 — 25
3x2

T = 3

T2 = 2.9259259
T3 = 2.924019
T4 = 2.9240177
x5 = 2.9240177

zi - 36

f(z) =2*-36
f'(z) = 42®

Tnyl =Tp — W
T = 2

T2 = 2.625

T3 = 2.4663205
T4 = 2.4496612
T5 = 2.4494898
Te = 2.4494897
T7 = 2.4494897

SOLUTIONS

6.4.2

6.4.4

6.4.6

6.4.8

6.4.10

271

flz) =2t -11
fl(z) =2z
_ 2 +11
Iny1 = 2z,
r = 3

T = 3.3333333
T3 = 3.3166667
T4 = 3.3166248
x5 = 3.3166248

f(z) =x*-66

fi(z) =2z

z2 + 66
2$n

Tpt1 =

ry = 8

xT9 = 8.125

z3 = 8.1240385

x4 = 8.1230384
= 8.1240384

flx) =23 -10
f'(z) =32°
_ 223 +10
Tn+1 = —3‘7:12'
xr = 2

z2 = 2.1666667
3 = 2.1545036
T4 = 2.1544347

T5 = 2.1544347

flz) =23 +72
f'(z) = 32

z3 + 72
Tntl = Tp — —3?—

= —4.1666667
—4.1601678
—4.1601677
= —4.1601677

f(z) =2° +34
f'(z) = 5z*

Tntl = Tn —

T, = —2
Ty = —2.025

z3 = —2.0243978
T4 = —2.0243975
z5 = —2.0243975

z5 + 34
54



272

6.4.11

6.4.13

6.4.15

flz)y =28 -z -2

fl(z) =322 -1

oot = 1 _zi -z -2
n+l = 4n 31'121_1
$1=1.5

T, = 1.5217391
z3 = 1.5213798
T4 = 1.5213797
5 = 1.5213797

f@) =2*+2*-3z-3
fl(z) =32 +22-3
z3 + 22 — 3z, -3

Tptl = Ty —

3z2 + 2z, ~ 3
IL‘1=1
$2=3
$3=2.2

x4 = 1.8301508
x5 = 1.7377955
e = 1.7320723
z7 = 1.7320508
Tg = 1.7320508

flx)y=2®—2> -2z +1
fl(z) =322 —22 -2
z3 -z -2z, +1

Tntl = Tn = 322 — 2z, — 2
T = 1.5

Ty = 2

z3 = 1.8333333

T4 = 1.801935

z5 = 1.8019388
g = 1.8019377
7 = 1.8019377

6.4.12

6.4.14

6.4.16

Solutions, Section 6.4

flx) =2 -3z +1

f(z) =322-3
_ 3 -3z, +1
Tntl = Tp — 372 —3
I = 0.5
= 0.3333333

T3 = 0.3472222
4 = 0.3472964
x5 = 0.3472964

fz) =2 +2> -3z -3

fl(x) =322 +22—3

z3 + 22~ 3z, -3
3z + 2z, -3

Tnt1 = Tp —

-1

-2
-1.8
—1.7384619
—-1.7321176
—1.7320508
—-1.7320508

I =
)
I3
T4
s
Te =
Ty

f(z) =sinz — x/3

f'(z) =cosz—1/3

sinz, — %

Tl =Tn — ——— T

3

r = 1.5

9 = 3.3945252
z3 = 2.3328766
T4 = 2.2799109
5 = 2.2788631
g = 2.2788627
7 = 2.2788627
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SECTION 6.5

6.5.1 Verify that f(z) = z® — z satisfies the hypothesis of Rolle’s Theorem on the interval [-1,1] and
find all values of C in (—1,1) such that f'(C) = 0.

6.5.2 Verify that f(z) = z° — 3z +2 satisfies the hypothesis of the Mean-Value Theorem over the interval
[~2,3] and find all values of C that satisfy the conclusion of the theorem.

6.5.3 Verify that f(z) = z%+ 2z — 1 satisfies the hypothesis of the Mean-Value Theorem over the interval
[0,1] and find all values of C that satisfy the conclusion of the theorem.

6.5.4 Verify that f(z) = 2® — 4z satisfies the hypothesis of Rolle’s Theorem on the interval [-2,2] and
find all values of C that satisfy the conclusion of the theorem.

. .

6.5.5 Does f(z) = = satisfy the hypothesis of the Mean-Value Theorem over the interval [~1,1]? If so,
find all values of C that satisfy the conclusion.

6.5.6 Verify that f(z) = z? + 4 satisfies the hypothesis of the Mean-Value Theorem on the interval [0,2]
and find all values of C that satisfy the conclusion of the theorem.

6.5.7 Verify that f(z) = 2° — 3z + 1 satisfies the hypothesis of the Mean-Value Theorem on the interval
[—2,2] and find all values of C that satisfy the conclusion of the theorem.

4 .

6.5.8 Verify that f(z) = 1 xx satisfies the hypothesis of the Mean-Value Theorem over the interval [1, 3]
and find all values of C that satisfy the conclusion of the theorem.

6.5.9 Use Rolle’s Theorem to prove that the equation 7x% — 92% + 2 = 0 has at least one solution in the
interval (0, 1).

6.5.10 Verify that f(z) = 2® — 322 — 3z + 1 satisfies the hypothesis of the Mean-Value Theorem over the
interval [0,2] and find all values of C that satisfy the conclusion of the theorem.

6.5.11 Use Rolle’s Theorem to show that f(z) = 23 + z — 2 does not have more than one real root.

6.5.12 Does f(x) = /T satisfy the hypothesis of the Mean-Value Theorem over the interval [0,4]7 If so,
find all values of C that satisfy the conclusion of the theorem.

6.5.13 Does f(x) = ¥/ satisfy the hypothesis of the Mean-Value Theorem over the interval [-1,1]? If so,
find all values of C that satisfy the conclusion of the theorem.

6.5.14 An automobile starts from rest and travels 3 miles along a straight road in 4 minutes. Use the
Mean-Value Theorem to show that at some instant during the trip its velocity was exactly 45 miles
per hour.

6.5.15 Does f(z) = o o satisfy the hypothesis of the Mean-Value Theorem over the interval [0,2]? If
so, find all values of C that satisfy the conclusion of the theorem.

6.5.16 Does f(r) = ¥/z satisfy the hypothesis of the Mean-Value Theorem over the interval [0,1]? If so,
find all values of C that satisfy the conclusion.

6.5.17 Use Rolle’s Theorem to show that f(z) = 2® + ax + b, where a > 0, cannot have more than one
real root.

6.5.18 A cyclist starts from rest and travels 4 miles along a straight road in 20 minutes. Use the Mean-

Value Theorem to show that at some instant during the trip his velocity was exactly 12 miles per
hour.



SOLUTIONS

SECTION 6.5
6.5.1 f(-1)=f1)=0 6.5.2 f(~2) =0; £(3) =20
fl(x) =322 -1 fl(z) =322 -3
3¢2-1=0 2 20-0
C?-3="—_=14
c :I:\/g 3 i -2
3 Cc? = 3 C=%\3
6.5.3 f(0) =-1; f(1) =2 6.5.4 f(-2) =f(2)=0
fl(z) =2z +2 f(z) =322 -4
2t 4= 2D g 3C2-4=0
1 1-0 C = i_Z_[?_,
= E - 3
6.5.5 No, since f is not differentiable at © = 0 which is in (—1,1).
6.5.6  f(0)=4; f(2)=8 6.5.7 f(-2) =-1; f(2) =3
fl(z) =2z flx) =322 -3
_8-4 2_q _3—(=1)
22“12_—6_2 3C 3_2_(_2) p
= 4 2v/3
CP=3 O=%=
6.5.8 f1) =4/3; f(3) =12
I
fi(z) = a=ar
16 12-4/3 16

(4-c32  3-1 3
(4—0)? =3; C =4+ 3 of which only C =4 — V3 is in (1,3)

6.5.9 If f(z) = 2" — 323 + 2z, f(0) = f(1) = 0 and f'(z) = 7% — 92% + 2 there is at least one number ¢
in (0,1) where f'(c) = 0.

6.5.10 f(0) =1; £(2) =-9
fl(x) =32 —6z—3
91
2 _ -3 = = —
3Cc“-6C-3 20 5

3C*-6C+2=0

6+v36—-24 3143
5 =

C = 3

6.5.11 Suppose f has more than one real root. Let r; and r; be any two of these roots, then f(r;) =
f (r2) = 0. By Rolle’s Theorem, f'(C) = 0 for some C in (r1,73), but,

f'(z) = 32% + 1 and 3C? + 1 = 0 has no real solution, so f cannot have more than one real root.
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6.5.12

6.5.13

6.5.14

6.5.15

6.5.16

6.5.17

6.5.18

Yes, since f is continuous over [0,4] and differentiable over (0,4), thus f(0) = 0; f(4) = 2; and
1
d = ——

1 _2-0_1
2/C 4-0"
VC=1,C=1

No, since f is not differentiable at = = 0 which is in (~1,1).

Let s = f(t) be the position versus time curve for the automobile moving in the positive direction
along the straight road. Then f satisfies the hypothesis of the Mean-Value Theorem on the time
interval [0,4] and there will be an instant ¢, where the instantaneous velocity at ty equals the

average velocity over [0,4]. Instantaneous velocity = 45 miles per hour at t,. Average velocity

4) —
= M = 3 miles per minute = 45 miles per hour. Thus at some £ in [0,4] the car’s

 4-0 4
instantaneous velocity is equal to its average velocity.

No, f is not continuous at & = 1 which is in [0, 2].

Yes, since f is continuous over [0,1] and differentiable over (0,1), thus, £(0) = 0; f(1) =1; and
1
4 o —
f (x) - 323"
1 _1-0_.
3¢ 1-0 "

3¢B=1,C= ﬂ:? of which only C = _? lies in (0,1).

Suppose f has more than one real root. Let r; and r; be any two of those roots, then, f(r) =
f (r2) = 0. By Rolle’s Theorem, f/(C) = 0 for some C in (r1,73), but,

f'(z) = 32% + a and 3C? + a = 0 has no real solution for a > 0, so, f cannot have more than one
real root.

Let s = f(t) be the position versus time curve for the cyclist moving in the positive direction
along the straight road. Then f satisfies the hypothesis of the Mean-Value Theorem on the time
interval [0,20] and there will be an instant ¢, where the instantaneous velocity at ¢ equals the

average velocity over [0,20]. Instantaneous velocity = 12 miles per hour at ;. Average velocity

2 —
= ng-_—;(Q = -é- miles per minute = 12 miles per hour. Thus at some ¢y in [0, 20] the cyclist’s

instantaneous velocity is equal to its average velocity.




276 Supplementary Exercises

SUPPLEMENTARY EXERCISES, CHAPTER 6

In Exercises 1-5, find the minimum value m and the maximum value M of f on the indicated interval (if
they exist) and state where these extreme values occur.

1. f(z)=1/z;[-2,-1]. 2. f(z)=2%-z% [—1, g]
3. f(z) =12z —2)"3%(0,3]. 4. f(z) =2z/(z® +3);(0,2].
5. f(z) =22 - 52 +7;(-1,3). 6. f(z)=—|z% - 2z);[1,3].

7. Use Newton’s Method to approximate the smallest positive solution of sinz + cosz = 0.
8. Use Newton’s Method to approximate all three solutions of z° — 4z +1 = 0.

9. Find two nonnegative numbers whose sum is 20 and such that (a) the sum of their squares is a
maximum, and (b) the product of the square of one and the cube of the other is a maximum.

10. Find the dimensions of the rectangle of maximum area that can be inscribed inside the ellipse (z/4)%+
/3 =1.

11. Find the coordinates of the point on the curve 2y? = 5(z + 1) that is nearest to the origin.
[Note: All points P(z,y) on the curve satisfy z > —1.]

12. If a calculator factory produces z calculators per day, the total daily cost (in dollars) incurred is

0.2522 + 35z + 25. If they are sold for 50 — -l—:z: dollars each, find the value of z that maximizes the
daily profit.

In Exercises 13-15, determine if all hypotheses of Rolle’s Theorem are satisfied on the stated interval. If not
state which hypotheses fail; if so, find all values of ¢ guaranteed in the conclusion of the theorem.

13. f(z)=+v4—22 on[-2,2] 14. f(z)=z¥*—-1on[-1,1].
15. f(z) = sin(z?) on 0,/7].
In Exercises 16-19, determine if alt hypotheses of the Mean-Value Theorem are satisfied on the stated

interval. If not, state which hypotheses fail; if so, find all values of ¢ guaranteed in the conclusion of the
theorem.

16. f(z)=|z —1|on [-2,2]. 17. f(z) = vz on [0,4].

3-2z% z<1

18. f(z )— 2/z, z>1

on [2,3]. 19. f(z) = { on [0,2].



SOLUTIONS

SUPPLEMENTARY EXERCISES, CHAPTER 6

10.

f'(z) = —1/2% no critical points in (=2, —1); f(-=2) = —1/2, f(-1) = —1som = —1at z = —1 and
M=-1/2atz=-2.

f(z) = 2*(3 ~ 4z), critical points = = 0, 3/4; f(—1) = —2, f(0) = 0, F(3/4) = 27/256, f(3/2) =
—27/16. m=—2 at z = —1, M = 27/256 at « = 3/4.

f(z) = %, critical points z = 2,12/7; f(2) =0, f(12/7) = —

1i1(1)1+f(a:)=0.mz—l.gatx:12/7,M=9at:L‘=3.

1443

5 V2T~ 19, 1(3) =9,

F(z) = 2(3 — 2%)/(2? + 3)?, critical point = = v/3; f(v3) = v3/3, f(2) = 4/7, lim f(z) = 0. No
minimum on (0,2], M = v3/3 at z = V3.
f'(z) = 1023(z — 2), critical points z = 0,2; f(0) =7, f(2)=-9, 11)1_1}+ flz)=0,

1in31 f(z) =88. m = -9 at z = 2, no maximum.
T—o~

x2~2x20whenx§00r'x22,x2—2w<0when0<w<2

flz) = —2r+2, z<Oorz>2
- 2r—-2, 0<z<?2

and f’(z) does not exist when z = 0,2. The only critical point in 1,3)isz=2; f(1)=-1, f(2)=0,
fB)=-3,m=-3atz=3,M=0atz=2.
sinz, + cosxy, . tanz, + 1

f(z) =sinz +cosz, f(r) =cosz —sinz, Tpyy = Tp — " T tana.

cOSZ, —Sinz,

1 =2, o = 2.372064374, 3 = 2.356193158, =, = x5 = 2.356194490.

T3 — 4z, +1

3z2 — 4

T = —2, Tp = —2.125, 73 = —2.114975450, - - -, 25 = 26 = —2.114907541

21 =0, T2 = 0.25, x3 = 0.254098361, x4 = x5 = 0.254101688

T1 = 2, To = 1.875, 23 = 1.860978520, - - -, x5 = z¢ = 1.860805853.

Let = and y be the numbers, then z + y = 20 thus y = 20 — z for 0 < z < 20.

(@) S=z+9* =2+ (20— 2)? = 222 — 40z + 400, dS/dr = 4z — 40, critical point at z = 10. If
z = 0,10, 20 then S = 400,200, 400. S is a maximum for the numbers 0 and 20.

(b) P =z =12%20-2)3 dP/dx = 5z(8 — 2)(20 — z)?, critical point at z = 8. P is maximum for
0§x§20whenx=8,y=12.

f($)=1'3—4$+1, f’($)=3$2—4, Tpt+l = Tp —

Let (z,y) be a point in the first quadrant that is on
the ellipse, then A = (22)(2y) = 4zy. But, from the

equation of the ellipse, y* = -1%(16 — 2?) so with

S = A? = 16z%y?

S =9z%(16 — 2?) = 9(162% — 2*) for 0 < z < 4,
dS/dz = 36x(8 — z?), critical point at z = v/8 = 2v/2.
d?S/dz® > 0 at £ = 2v/2 thus § and hence A is
maximum there. If z = 2v/2 then y = 3v/2/2.

The dimensions of the rectangle are w2 by 3v2.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

Solutions, Supplementary Exercises

5
If (z,y) is a point on the curve, then its distance L from the origin is L = v/z2 + 42 where y? = —(z+1)

2
so with § = L2 = 7% + g(:c +1) for x > —1, dS/dzx = 2z + 5/2, dS/dz = 0 when £ = —5/4 so there
are no critical points for z > —1. If z = —1 then S = 1. nElix+1_10015' = 400. The point nearest the origin

occurs when z = -1, y =0.

P = (total daily sales) — (total daily cost)
= z(50 — 0.5z) — (0.252% + 35z + 25) = —0.75z2 + 15z — 25 for

0 < z <100, dP/dx = —1.5z + 15, critical point x = 10. d2P/dz? < 0 so the profit is maximum when
z = 10.

f is continuous on [-2,2], f'(z) = —z//4— 22 so f is differentiable on (—2,2),

f(—2) = f(2) = 0; hypotheses are satisfied. f'(c) =0 for ¢ = 0.

[ is continuous on [-1,1], f'(z) = %x‘m and f’(0) does not exist, f(—1) = f(1) = 0; all hypotheses
are not satisfied.

[ is continuous on [0, v/7], f'(z) = 2z cos(x?) so f is differentiable on (0, \/7),

f(0) = f(v/m) = 0; hypotheses are satisfied. f'(c) = 0 when 2ccos(c?) = 0 which yields

¢ = 0,++/7/2 of which only ¢ = \/r/2 is in (0, /7).

[ is continuous on [—2,2] but f does not have a derivative at = = 1 so all hypotheses are not satisfied.

f@-f0 1 _1

. . . . ’ _ P =
f is continuous on [0,4] and differentiable on (0,4). f'(c) = -0 a2 c=1
[ is continuous on [2,3], f/(z) = —2/(z — 1)? so f is differentiable on (2, 3).

fl(e)= f®-52 2 __ -1, (¢—1)? =2, ¢ = 1 £+ v/2 of which only

3-2 ' (c—-1)2
c=1++2isin (2,3).

By inspection, f is continuous on [0, 2] and differentiable on (0, 2) except perhapsat = 1. For z =1,
linll flz) = lil'lll+ f(z) = (1) so f is continuous at z = 1.
r—1- r—

lim f'(z) = lim(-2z) = -2, lim f'(z) = lim (-2/2% = -2 so f is differentiable at z = 1 (see
z—1- z—1- -1t z—1+

theorem preceding Exercise 71, Section 3.3). f/(c) = f(2; : 5(0) = 1 ; 3 =-1lsoc#l Ifz<1

then f'(z) = —2z thus f'(c) = —1 for ¢ = 1/2. If z > 1 then f'(x) = —2/z?* thus f'(c) = —1 for
¢ = V2. The values of ¢ are 1/2, V2. |



CHAPTER 7
Integration

SECTION 7.1

7.1.1

7.1.2

7.1.3

T.14

7.1.5

T.1.6

T7.1.7

- 7.1.8

7.1.9

7.1.10

7.1.11

Estimate the area under the curve y = 22 by dividing the interval [0,2] into 4 subintervals of equal
. :

length and computing Z f(zi)Az with z} as the left endpoint of each subinterval.
k=1

Estimate the area under the curve ¢ = 2? by dividing the interval [0, 2] into 4 subintervals of equal
4

length and computing Z F{zz)Az with 1} as the right endpoint of each subinterval.

k=1
Estimate the area under the curve y = 1/z by dividing the interval 1, 2] into 4 subintervals of equal
4

length and computing Z F(zi}Az with 2} as the left endpoint of each subinterval.
k=1

Estimate the area undet the curve y = 1/2 by dividing the interval [1, 2] into 4 subintervals of equal
4 .

length and computing Z Flzz)Ax with x} as the right endpoint of each subinterval,
k=1

Estimate the ares under the curve y = x° + 2 by dividing the interval {1,4] into 3 subintervals of
3

equal length and computing Z f{z}) Az with z} as the left endpoint of each subinterval.
k=1

Estimate the area under the curve y = z° + 2 by dividing the interval [1,4] into 3 subintervals of

3
equal length and computing Z Flz)Az with 2} as the right endpoint of each subinterval.
k=1

Estimate the ares under the curve y = 2 — « by dividing the interval [3, 8] into 5 subintervals of
5

equal length and computing z f(ai)Az with z} as the left endpoint of each subinterval.
k=1

Estimate the area under the curve y = 1/2% by dividing the interval [1,4] into 6 subintervals of
6

equal length and computing Z Sf(a})Az with 2} as the left endpoint of each subinterval.
k=1

Estimate the area under the curve y = +/x by dividing the interval [0, 4] into 4 subintervals of equal
4

length and computing z Ff(z})Az with z; as the right endpoint of each subinterval.
k=1

Estimate the area under the line y = 2z + 3 by dividing the interval [1,9] into 4 subintervals of

4
equal length and computing Z Fflz}) Az with z}, as the left endpoint of each subinterval.
k=1

Estimate the area under the line ¥ = 2z + 3 by dividing the interval [1,9] into 4 subintervals of
4

equal length and computing Z Flzx)Ax with xf as the right endpoint of each subinterval.
kel
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7.1.12

7.1.13

7.1.14

7.1.16

7.1.16

7.1.17

7.1.18

7.1.19

Questicns, Section 7.1

Use A = nganm Z f(z3)Ax with 27 as the right endpoint of each subinterval to find the area under
=1
the line y = 2z over the interval {1, 3].

n
Hint: Ek: w

n

Use A= nlhfmz F{z{)Az with zf as the left endpoint of each subinterval to find the area under
=1

the line Y = 2z over the interval [1,3].

Hint: 3k = 201 mntl)
k=1

Use A = Z F(zi) Az with z} as the right endpoint of each subinterval to find the area under

the line = 23: + 3 over the interval [1,9].

T
Use A= lil}.l Z f(zk)Az with z} as the left endpoint of each subinterval to find the area under
k=1
the line y = 3z + 4 over the interval [1,2].

n
Hint: Y k= ﬂﬁg—l—)
k=1

n
Use A= hEl Z f{zi)Az with x} as the right endpoint of each subinterval to find the area under
N—FO0
k=1
the curve y = 222 over the interval [0, 2].

Hint: Zk2 n(n+1)(2n+ 1)

Use A= lim E f(z3)Az with £}, as the left endpoint of each subinterval to find the area under
n— o0
k=1 .

the curve y = 16 — x” over the interval [0,4).
Hint: Zkz ni{n + 1)(2n + 1)

f
Use A= lilfm Z f(z3)Az with z} as the right endpoint of each subinterval to find the area under
n—
k=1

the curve y = 2% + 3 over the interval [0,2].

Hint: Zka [ n-l-l)]

1]
Use A= lilll Z F{z})Az with z} as the right endpoint of each subinterval to find the area under
= k=1

the curvey—:r: -1 over the interval {1, 2].

1
Hint: Zk— n+1 Zk2 n+1)(2n+ )
k=1
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7.1.20

7.1.21

7.1.22

7.1.23

7.1.24

7.1.25

7.1.26

7.1.27

7.1.28

7.1.29

7.1.30

T.1.31

n

Find the values of Zf(x;)Aa:k and max Az when f{z)=1/z,6=1/2,b=10,2, = 3/4, 2. =2,
=1

r3=521=1/2,z3=1,z;=2,and z; =5, and n = 4.

Give a geometric interpretation for /3 v 9 — 22 dr and evaluate this definite integral.
-3 _

1 dx
Approximate the value / =2 % by partitioning the interval [0, 1] into 5 subintervals of equal
0
width and choosing the midpoint of each subinterval to obtain the approximate Riemann sum.

3
Approximate the value of / % by partitioning the interval [1, 3] into 4 subintervals of equal width

1
and choosing the midpoint of each subinterval to obtain the approximate Riemann sum.

hid 2
Calculate 3 f(z1)Aza, if f(z) = % a=1,b=4,21 =2, 23 =3, 23 = 35, 2} = 2, 2}, = 2.5,
k=1
x3 =3 and = = 4.

Calculate Zf(x:)Aa:k and maxAzx; when f(z) = 2°+1,a = -1,b =3, 21 = 0, za = 2,
k=1
xy =023 =1/2, and z3 = 2.

Ca.lculater(a:;)Amk and max Azg when f{z) = 2°+3,0a =0,b = 3,21 = 1/2, %, = 2,2} = 1/2,
k=1
r3 =1, and 23 = 2.

1
Calculate Y f(})Azi and max Azy when f(z) =2z —3,a= —1,b=5,71 =2, 73 =4, 2} = 0,
k=1
x5 =2, and z3 = 4.

1 lex<h . .
Prove that the function f(z) = 1—= is not integrable on the interval [0, 2].
1 =1
cos 1
Prove that the function f{x) = { z is integrable on the interval [—1,1].
0 =z=0

n

E lim 2% — 3 tzAm definite intesral with @ = 0 db=2/3
memumt-mg(z" 2} YAz as a definite integral with a an /

Calculate fleDAz if flx)=2%a=-3,b=3, 51 = -1, 29 =0, 23 =1, 2} = =2, z} = 0,
k

k=1
73 =0, £j = 2. Also, find max Ax;.



SOLUTIONS

SECTION 7.1
2-0 1 , _ k-1
7.1.1 A.'B—T=E,Ik-—~0+(’§ I)AI——z
4 4 2
k-1 1 7
sasz=3(52) (3) -1
; g 2 2 4
2-0 1 , _k
7.1.2 Az= i =§,zk—0+kA:c—2
4 4 2
N2 /1y 15
S OIOR
= ; 2 2 4
2—-1_1 _3+k
7.1.3 AI=T—Z,Ek—1+(k—1)Aﬂ:——4
4 i ’
. 1 1} _ 319
S =g sk ) () - 2
k=1 k=1 —
4
2-1 1 _4+k
7.1.4 A:E—T—Z,Ik—l-l'kﬂx—- 1
4 4
1 1 533
fase=3 e (5) = 5
by %(4_&) 1)@
4
4-—-1
7.1.5 =5 =Lsi=1+(k-Daz=k
3 3
S fenaz =) (K +2)(1) =42
k=1 k=1

7.1.6 A:r=4—;}»=1,x;=1+kﬂu:=1+k

3 3
ST fEnaz =Y [(1+£°+2] (1) =105.
k=1 k=1

8—-3
5

5 5
S flepaz =) [(2+ k) - (2+K)] (1) = 110.
k=1 k=1

7.1.7T Azx=

=1L zi=3+(k-1)Az=2+k

1+k
2

3
> f@haz = ; —13 G) s 1.0236.

= —~ f1+k
2

7.1.8 Az=

L zp=1+(k—1)Az =

=1}
Il
ba | =

7.1.9 Az= 4;‘0 =1z} =0+ kAz =k
4 4

ST Hatyaz = Vk(1) ~ 6.1463.
k=1 k=1
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9-1

7.1.10 Az= =2,5;=1+(k-1})A2=2k—-1

'h|

Zf(-’ck)A:c = Z [2(2k — 1) +3] (2) = 88.

k=1
7011 Am=%=2 L =1+kAz =142k
4
> f(:c;)Ax=Z[2(1+2k)+3](z)=120.
k=1 k=1
7.1.12 A:c=3;1=2,x,,—1+kAa:—1+%
2%k 4 - 8
Zf(zk)Aa:—vZ2(l+ )(ﬂ)-;Zl+§ k=
k=1 k=1 k=1
—(n)+(%) n(n+1)—8+ sA= Hlm (8+3)=8.
n n 2 Y n
7018 Ar=2"1_2 o i 1Aro14 2B
n n n
2(k—1 4& 8
Zf(z,,)A:c—Z2[1+ ( }] (n)—RZI+; (k—1)=
k=1 k=1 k=1
4 8} (n—1)n _ 4y
;(")*(ﬁ) 2 - 8—-A“RL+M( -;)“8-
7.1.14 A:r=g_1—8,zk-1+kAa:—1+~8~E
n ﬂ
8k 40 & 128
k=1 k=1 k=
—( )+(128) L"”‘,;—'-l—)_u}4+g A= lim (104+f-)=1o4.
7.1.15 A:c=—_—1=l,:c;=1+(k—1)Aa:=1+-(k;l)
b1 n n
i z k—1 1 7 — 3 =
Zf(zk)Aa:=Z[3(1+T)+4](;‘-)—5214—? (k—1) =
k=1 k=1 k=1 k=1
7 3(n-Un 17 3 . . (17 38\ 17
A+ ET "?_%‘A_nklfm(z 2n)*2'
7.1.16 Az=2;=3,xk_g+km=%
F) n n
z flzi)Az = Z 2 z k
k=1 k=1

:§w+_l><2n+ﬁ,,4= - [§(1+1) (1)) - 22

n3 6 n—+oo | 3 3



158

7.1.17

7.1.18

7.1.19

7.1.20

T.1.21

7.1.22

7.1.23

Solutions, Sectlon 7.1

A:z:—4—0-£ 2y =0+ (k- 1)ag = XE=1)
ﬂ n
4(k 1) 64 64 w1 s
Zf(mk)Ax Z{ }() n21_ (k—1)
k=1 k=1 k=1 k=1
64 _ . 64 (n —n(2n—1) _32(n-1)(2n-1)
= —(n) -~ Zk =64- T — =64
. 32 1 1\] _ 64 128
A=n'3.‘3m[64_'3_(1_5) (2_5)]_64_ 3 3°
Am=2_0:2,3;=0+kAz=%
T n mn
3 )
zf(z,;mnz[(z&) .3 (z)=.1.g. T S
n n k=1 k=1
16 [n(n+1)]* 6 4(n+1)2
n“[ 2 ] +n(n)* n?
13
A= lim [4(1+—) +6]=10.
n—+00 ki3
A:r:z2_1=l,:t:i=l+ﬂs:ﬂ:t:=l+E
n n
1 “ 2k Kk?
Zf(zk)Am—g ( ) ](;)=§[?+m]=

2 nn+1) n{n+1)(2n+1)
&2 =

e
S T 6 n n 6 3

3 HabAa = (2)(1/4) + ()64 + (1/2)(3) + (1/5)(5) =
k=1
max Axj, = 5.

3
f V9 —zldr = % area of a circle of radius 3 = -;— -w(3)2 = —
J-3 :

1-0 1

Az = —— = ¢, 2} = 1/10,3/10,5/10,7/10,9/10, f(z} = =
5
100 100 100 100 100\ /1 x
WAL = | — — 4+ —]{=)=0782 —.
gﬂx")m (101+1 +125+149+181) (5) 07862~ §
1 3-1 1
f@)=_bz=— =3, z} =5/4,7/4,9/4,11/4
4
. 4 4 4 a\[1
gf(xk)m—(g+;+§+n ()_1039
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7.1.28 [0°4-1}(1) + [(%)2 +1] (2) +[22 +1)(1) = g; max Azy = 2.

7.1.26 [(%)2 + (é)] (%) L)+ Q)] (g) FIEP+@)0) = 5 max Az = 3/2

7.1.27 (2-0—3)(3)+(2-2-3)(2) +(2-4 - 3)}(1) = —2; max Az = 3.

7.1.28 f(z) is defined at all points on [1,5] and f is not bounded on [1,5] thus by Theorem 5.6.5(c) f is
not integrable on [1, 5).

7.1.29 f(z) is discontinuous at the point = 0 because hfpu cos — does not exist. f is continuons elsewhere.

-1 < f{z) < 1for x in [-1,1] so f is bounded there. Thus by Theorem 5.6.5b f is integrable on
[-1,1].

2/3
7.1.30 / (2z — 3z%)dx.
0

7.1.31  (—=2)3(2) + (03(1) + (0)3(1) + (2)*(2) = 0; max Az = 2.
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SECTION 7.2

7.2.1

7.2.3

7.2.5

7.2.7

7.2.9

7.2.11

7.2.13

7.2.15

7.2.17

7.2.19

(1+z)
12 dz

Evaluate /
2 3
Evaluate Tt + 8z + = dr.

Evaluate /(mz +1)%dz.

o +1

o dx.

Evaluate /

dz

cosz’

Eva.luate/( 2—%)&:.
x

Evaluate / (\/5 + %) dz.

Evaluate /

Evaluate ] Ei‘ﬂ'
Evaluate / (_:z::;_ +cosx) dz.

Evaluate /(x'2 + sec? z + 3)dz.

7.2.2

7.2.4

7.2.6

7.2.8

7.2.10

7.2.12

7.2.14

7.2.16

7.2.18

7.2.20

Questions, Section 7.2

Evaluate /(:1:2 + 2z + S)dz.

Evaluate / m

ﬁ
Evaluate /(3\/5 + 1)dz.

Evaluate / (= + 2)2dz.

Evaluate ] (2 — z + 5)dz.

22— 4

Evaluate dx.
vz?

Evaluate f (¢ +1)vZ da.
Evaluate /(ﬁ+ 2)2dz.
Evaluate f{:r — 2)%z de.

/(:r3 —esczeotz +7) da
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SECTION 7.2
2
7.2.1 / (L *;,f dz = f @ +2f;’"’ Dz = /(:a:"f’2 + 25 4 22 dx
T
4
— ot/ 2,302 4.5/
2z + 3x + 5:5 + .
3
722 = +2245z+C. 7.2.3 -“'f+4:c2—3+0.
3 3 T
7.2.4 14/x+C.
2
7.2.5 f(:c“+2z’ +1)dz= ¢+ §:c3+:c+C.
7.26 2% 4+x4C.
3 2 3—2 1 C
727 [{z+z7)dx= __?+C_?_§;+ .
I?
7.2.8 ](:t6+4:c3+4)dz——- = +zt+4z+C.
zt  z?

7.2.9 fsec?':cdx=tanz+0. 7.2.10 T - ? +5z+C.
7.2.11 /(:c2—3x*4)dx—fi+i+c

2. =g +5+C
7.2.12 f (z*? — 4z723)dz = -12243 4 C.

7.2.13 gxs,!z +272 4 .

7.2.14 / (=2 + ¥z = %zm + gxwz +C.

7
7.2.16 —— .
30 +C

2
7.2.16 f(x+4ﬁ+4)dx = % + %x“-ﬂ +4z+C.

7.2.17 — c.
16 + ginz +

I‘

7.2.18 f (z° — 4z? + dx)dz = 5" 45:';3 +272 +C.

4
7.2.19 —-i—+ta.na:+3:c+0'. 7.2.20 24-+csca:+7:c+6‘



162 Questions, Section 7.3

SECTION 7.3
7.3.1 Evaluate f 3z4/1 — 22%dz. 7.3.2 Evaluate ] 12(2 — 363)3dt.
7.3.3 Evaluate ﬂ 7.3.4 Ewvaluate f sin 2z cos 2z dr
dx : 1/2
7.3.5 Evaluate | ——. 7.3.6 Evaluate f {2+ sin3t)"*cos3tdt.
cost 2z
7.3.7 Evaluate / csc 2t cot 2£ df. 7.3.8 Evaluate / tan® 5 sec? 5z d.
7.3.9 Ewvaluate /ma\/5$4-£8dx. 7.3.10 Evaluate /:r\/n: — bdz.
S'm:t:dz 9
7.3.11 Evaluate v 7.3.12 Evaluate [ [tan(tan#8)]sec’8dé.
7.3.13 ° Evaluate f %smﬁdx. 7.3.14 Evaluate ] (=% + 1)(z® + 3x)dz.
7.3.15 Evaluate /tan 3z sec’ 3x d. ' 7.3.18 Evaluate /(33 —x)(z* — 22%)¥dzx.
22y 4
7.3.17 EMuate/ﬁ. 7.3.18 Evaluate /md:r.
x—2
.3.19 Ewal — _dz. 7.3.2 2 2%dz.
7 uate/(s:3—4m+4)2dx 3.20 Evaluate/:tsec z
7.3.21 Evaluate /:ci'/a-& bz? dz. 7.3.22 Evaluate /::3 sin(z? + 2)dz.

zldr

7.3.23 Evaluate
Vi

7.3.24 FEvaluate /:L'V’ﬂ:+ 1dz.



SOLUTIONS

SECTION 7.3

7.3.1

7.3.2

7.3.3

7.3.4

7.3.5

7.3.6

7.3.7

7.3.8

7.3.9

7.3.10

du
4

3 f wveg, —_Yan, oo Ly _ao2en
4/11, du = 3 +C= 2(1 32 + C.

u=1-22% du=—-4zdr, zdx =

u=2— 3, du = —9t3dt, t3dt = —%“

_% /uadu = w0 = —52(2~ 34+ C.

36 36
2 du
u=3—'if:o:,ar’m=—14:4:d:;:,a:d;;,-:__14
du = u? . 2/3
—1a ] W 28 +C= (3 72223 4 C,

u = sin 2z, du = 2cos2z dr, cos2x dr = -

1 1, 1.,
2/udu-—4u +C—4sm 22+ C.

]sec 2z dz, u = 2z, du = 2dz, dzud?

cos2 2x

1
Efseczudu= Etanu+C= 5tan22:=C.

=24 s8in3¢, du = 3cos3tdt, cos3tdt = d?u

% / uMdy = %uaﬂ +C= %(2 +5in36)¥2 +C.

u = 2t, du = 2dt, dt=dz;u

%/cscucotudu = —-lé-cscu+ C= —% csc2t 4+ C.

u=tan5x,du=5sec252:dx,sec25:cd =d?u
1
3 —__-. = —
5/ du u ‘rC 20ta.n bz +C.
3 3 d‘u
u = 5z — 18, du = 202%dz, x =35

1

1
w2y = —82 S 32
20 du = i C= (5:7: 18)%< + €,

u=g—5,du=dx,z=u+5

f(u + 5)utdu= /(‘un?"’2 + 5ut)du = %um + ?um

10

= %(:c - 5524 S (@- 5%+ C.

+C

163
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7.3.11

7.3.12

7.3.13

7.3.14

7.3.15

7.3.16

7.3.17

7.3.18

7.3.19

7.3.20

7.3.21

=082, du = —sinz dr, sinctdz = ~du
1 1 1
_— -3 e T — = - 2 .
/u du 2“2+CI 200521_4-0 7 56C z+C
u = tan @, du = sec’ 8d4.

ftnnudu= —In|cosu| + € = —In}cos(tand)| + C.

u—\/_,du—z\/_ ‘/_

= 2du

2/sinudu= —2¢c0su+ C = —2cosyT +C.

u = z° + 3x, du = 3(z* + 1)dz, (z* + 1)dz = 3

1f w0, 1mn _
3]11 du--33u +C=

u = tan 3z, du = 3sec? 3z dz,

3

du

%(33 +3z)t+C.

Q = sec’ 3z dz

1
3fudu—— —+C Etan 3z+C

u=2z'— 222 du = 4(z° - 1)dx, ‘%ﬂ

1 f s, 1 1 _ 3,4 o nie
4/':; du—Mu +C—64(a: 22"+ C

s=z+l,du=dx,T=1u—

1

ul/?

ul/2

(u—1)2du=f(u ~Zutl), _

/ (6% — 20 4 w2y,

= %uf"’” - %u’f'*‘ +2u2 4 C

= %(: +1)53 — %(x +1)*2 4 2(z+ 1)V2 1 C.

ti=z+4, du=dzx

4/u‘3du =~y 0=

(=

+4)?

2

+C.

u =g — 45 + 4, du = 2(z — 2)dz, {z — 2)dz =

1 du 1
)@= m Oy

u=2z2 du=2xcde, xdx = —

du
2

1

z2 —4x + 4)

C.

1 2 _ 1
E]sec udu = 2ta.nn+C—2tan1:2+C.

u=a+W,du=2ba:dz,%=zdz

1 fomgy— ™
2b[u du—zb(n+1)u

B io=

2b(n + 1)

= (2% — 2)dr

du

(a+ bctz)

Solutlons, Section 7.3



Solutions, Section 7.3

d
7.3.22 u=z'+2, du =4zdz, 2°ds = 4

4
. 1 _ 1 4
Z/smudu— 4a:‘mn;+(}'— 4(:03(2: +2)+C.
7.3.23

w=1+2% du=3z%dz, %z = du/3
1

E/u'mdu= §u1/2+6'=§\/1+x3+0.
7.3.24 yu=z+l,du=dr,z=u—1

/(u — D)ulPdu = /(u‘.“"3 —u')du = %um‘ _3

t,c-3 73 _ 3 1
4u’-{—(’)’—7(:-,"+1) 4(:1:+1) +C

165
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SECTION 7.4

4
7.41 Evaluate Y (i* +2).

i=1

2
7.4.3 Evaluate )  3;°
=2

1
7.4.5 Ewvaluate Z gin %

1 2 3 4 5

748 Expresss+3+7+¢+5
2 3 4 5

7.4.7 Expressl+§+g+?+_

10
7.4.8 Evaluate Z(k+2)2 by first changing f{k) =

=1
in the limits of summation.

a0
7.4.9 Evaluate Y (k*+2).
k=1

10

7.4.10 Ewluate Z(k + 3)* by first changing f(k) =

k=1

Guesticns, Section 7.4

4
7.4.2 Evaluate Y (2j - 3)
i=1

4
k
7.4.4 Evaluate Z —_—
P k+1

in sigma notation.

in sigmea notation.

(k+2)? to f(k) = k% and then, an appropriate change

(k + 3)® to f(k) = k* and then by making an

appropriate change in the limits of summation.

30
7.4.11 Evaluate Y (k*+ 3k — 5).

k=1

7.4.12 Express 1 + 3 + 3% + 3% + 3 + 3% in sigma notation with § = 3 as the lower limit.

10

7.4.13 Express Z i in sigma notation with k = 1 as the lower limit.

k=5

7.4.14 Express Z
k=10

k /71
7.4.15 Evaluatez —)

k=1

k(k 1)

T.4.17 Evaluate Z (1 + 2k) l
i njn

20
7.4.19 Evaluate 3 k (1 - %)
k=2

in sigma notation with k = 4 as the lower limit.

kN 71N
7.4.16 Eva.luatez -1 {=].
—_ 11 T

n

232 1
7.4.18 EvaluateZ(k+ );.

k=1



SOLUTIONS

742 -14+1+3+45=8
1 2 3 4 163
7.4.4 2 + 3 + riad-Salr
5
k
7.4.6 zk_+_1'
k=1
12(13)(25)

2(3)(8) _
5 =645

[(13 (14)] [(3)2(4)]2 = 8245

SECTION 7.4
7.41 3464114 18=38.
7.43 124+3+0+3+12=230.
7.4.5 14+40-1+0=0.
5
k
747 > TR
k=1
10
7.48 > (k+2)? Z:ﬁ Ekz ZH
k=1 k=1
1
2 — = —
7.4.9 E k? + z 2 = £(30)(31)(61) + 2(30) = 9515.
7.4.10 Z(k +3)° = Z K = Z k® Z K =
k=1
7.4.11

k=1

Z k% +3 Z k— Z 5= w(30 (31)(61) + (30)(31) 5(30) = 10700.

8 6
; 1
7.4.12 373, 7413 Y -—.
7.4.14 Z 1
T (k4 6)(k+T)
- a_ (1), ME1hEntl)  (n+)(@En+1)
7.4.15 Z 5 =3 Z k2 = (F) . =
k=1 k=1
~k 1 (1)n(n+1) n+ 1
7.4.16 & e N k= — - _
; n?  n? n2 2 n
i 2kN1 -1 % 1 & 2 -
7.4.17 Z(1+;);=E(;+;ﬁ) :;ZH;Z"
k=1 k=1 k=1 k=1
1) 2n+1 1
}_(n)+32(n)(n+ ) _ 24 NP
n n 2 n n

167



168

] Z(k+2 Z(k2+4k+4)

k=1

Zk2+4Zk+4ZI
[ 3

[n(n + 1)6(2n+ 1) +{4) n(n2+ 1) + (4)(11)]

1
Tt

2?4150+ 37

fn?

7.4.19 %(k Zk (19) (20 = 190.

k=2 k=1

Solutions, Saction 7.4



Questions, Section 7.5

SECTION 7.5

7.5.1

7.5.3

7.5.5

7.5.7

7.5.9

7.5.11

7.5.12

7.5.14

7.5.15

7.5.16

i
Evaluate f (x” + 1)(32% + 1)dz.
-1

x4
Evaluate f (z + 2sec? x)dx.
0

Evaluate fo l(\’/1?2 + Vi)dt.

L |
Evaluate ——df

w4 SIDZG
x /4
Evaluate f sec? 6dd.
1]
Evatuate | {L+1)(1_1
_ ““_[1 2TE/\ETF
)
Evaluat.e] |z 4+ 1)dz.
-3
Evaluate /a flz)dz if f(z) = {
-1

Evaluate /: fz)dz if f(z) = {

7.6.2

7.5.4

7.5.6

7.5.8

7.5.10

7.5.13

T>2
<2

x> -1

1—:1:2, < -1

s 1
Evaluate [ (2z’+ —2) da.
1 2

4 1
Evaluate / (1 +ivE— t—g) dt.
1

/3 1
Evaluate L. mdﬁb

w/3

Evaluate / (cosé — csc B cot F)dB.

x/6

12
Evaluate /1 (9 — csc 8 cot 8)d8.
wf3

3
Evaluate[ |22 + 1|dz.
-3

Find ./1 *2f(z) - g(@)ds it [ " Ha)dz = 3 ond /1 ® o(@)de = 10

169



SOLUTIONS

SECTION 7.5
3zt 18 328 i
7.5.1 [W-'- 3 +T +I]_l =4,
3 —~2 3 3
2, T Ny [ _L]_58
7.5.2 /1‘ (2:1: + 2)dx——[3 22:]1—3.

2 xf4 2
7.5.3 [% + tan:r:] =X 42

4 252 11 203
/2 _ gy 2| 229
7.5.4 /1(1+t3 t~2)dt [t+ 3 +t]1 20
7.5.5 f 1(1:”‘" +tY2ydt = 3y 2o b
I S — 15 3 |, 15
/3 3 /2 /2
7.5.6 f sec? pd¢ = tanoi)]ﬁ = V3. 7.5.7 f csc?0df = — cote] =1.
0 0 wf4 w4
/3 — /4
7.5.8 [— sin® + csc 9] _W3-15 7.5.9  tan 9] —1.
x/6 6 1}
g2 " Ex? 2 [r3 t—f’r 47
7510 |=+csc| =1--——— 41 7511 |- | =—.
[2 e ]m 72 /3 3 5|, 480

-1 5 22 1 z2 5
7.5.12 f —(z+1)dz+/ (z+1)dz =~ (—+x)] +[—+x] =18
-3 -1 2 3 L2 -1

37

—1/2 3 2 -1/2 2 3
7.5.13 f —(2x+1)d:c+/ (2z+Ndz= —(x +m)] , T [= +=C]_1,rz=?
-3 -

-1/2

2 ) 21 2] 4

7.5.14 /;l(l—m)dz+[zdx= ["‘”E]_ﬁ? -4
-1 2 371 412

7.5.15 / (1—m2)da:+/ x"dxz[ ._‘%] +”—] -2
-1

-2 =1 -0 4

7.5.18 £ " 90f(2) - gle)]dz = 2 [ Fla)de — /1 " (@)de = 2(3) — 10 = 4.

170



Questions, Section 7.6

171

SECTION 7.6

7.6.1

7.6.2

7.6.3

7.6.4

7.6.5

7.6.6

7.6.7

7.6.8

7.6.9

7.6.10

7.68.11

7.6.12

7.6.13

Find the area under the curve y = 22+ 2 for 2 < 1 < 3. Make a sketch of the region.
Find the area of the region between y = 16 — x? and the z-axis. Make a sketch of the region.

Find the area of the region between y = 2% — 2 — 6 and the x-axis for 0 < z < 2. Make a sketch of
the region.

Find the average value of f(x) = v4z + 1 over the interval 0 £ x < 2.
Find the average value of f(x) = z¥sec’z® for 0 <z < /w/4.

{a) Find the average value of f{z) = 3z + 1 over [0, 6].

(b) Find a point 2* in [0, 6] such that f(2*) = fu. -

(c) Sketch the graph of f(z) = 3z + 1 over [0, 6] and construct a rectangle over the interval whose
area is the same as the area under the graph of f over the interval.

(a) Find the average value of f{x} = (z + 1)? over |-1,2).

{b) Find a point z* in [~1, 2] such that f(2"} = fav.

{c) Sketch the graph of f(z) = (z + 1)2. over [—1,2] and construct a rectangle over the interval
whose area is the same as the area under the graph of f over the interval.

Find the average value of f(z) = zcosz?for 0 <z < J_%—

Find the average value of f(x) = 23zt +1for—1 <z < 2.

Find the average value of f(x) = 3 + 1 for 0 € r < 2 and find all values of z* described in the
Mean Value Theorem for Integrals.

2
Let f(z} = i 1 =z20 Sketch and give a geometric interpretation for / ) f(z)dz and

r+4 z<0’
evaluate this definite integral.

5
Evaluate / v/ 25 - 12 dx by interpreting the integral as an area.
0

2
Sketch, give a geometric interpretation for / |z — 1|dz and evaluate this definite integral.
-1



SECTION 7.6

4
7.6.2 A= | (16—-zhdz = [lﬁx - =
-4

7.8.4
6 2_

7.6.5

\/:_

SOLUTIONS

21 256

3

\/41: ldx = [(4:: + 1)3"2] 13
12 6
/ 2seczm:"’d:z:—- ' [ta.‘na:3]v;= 1s/4
'J T o 3V
4

172

- X



Solutlons, Sectlon 7.6

G
766 (a) 5 fo (3¢ + 1)de = 10 (b) 30"+

(c)

X

2 2
7.6.7 (a) 2—_—:_—1) f (@ Ve = %(x +1 =3

(b) (z*+1)?=3onlyx* =v3—-1isin[-1,2]

7.6.8

7.6.9 _(1)/ N ) _—[3x+1}3f2]1=%.

2
7.6.10 fw— /(a: + Vdzx =%[ +:r:] =3;

j:(w +1)dz = f(z*)(2 - 0) = (2 +1)(2)

6=2(z3+1)
z=v2

2
7.6.11 / f)de = Ay + 4
-4

/j f(z)ds = %(4)(4) +2(1) =10.

1=10, =3

173



174 Solutions, Section 7.6

25T
i

5
1
7.6.12 / V25 —22dx = i area of a circle of radius 5 = Z‘.‘T(5)2 =
0

2
7.6.13 / l# — l|dz= A1 + Az
-1

1 1 1
=5(@2@)+ ;1) =23




Questions, Section 7.7
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SECTION 7.7

7.7.1

T.7.2

7.7.3

7.7.4

7.7.56

7.7.6

7.7.7

7.7.8

7.7.9

7.7.10

7.7.11

T.7.12

7.7.13

7.7.14

7.7.18

A stone is thrown downward from the top of a 160 foot high cliff with an initial velocity of 48 feet
per second. What is the speed of the stone upon impact with the ground?

A projectile is fired downward from a height of 128 feet and reaches the ground in 2 seconds. What
was its initial velocity?

A projectile is launched vertically upward from the ground with an initial velocity of 80 feet per
second.

(a) How long does it take the projectile to reach the ground?

(b) When is the projectile 64 feet above the ground?

(e} What is the velocity of the projectile when it is 64 feet above the ground?

A playful student drops your math book from a dormitory window and it hits the ground in 3
seconds. How high up is the window?

A particle is moving so that at any time, its acceleration is equal to 10t for ¢ > 0. At the end of 3
seconds, the particle has moved 105 feet. What is its velocity at the end of 3 seconds?

A projectile fired upward from the ground is to reach 144 feet.
(a) What must be its initial velocity?
(b) What is the velocity of the projectile when it is 80 feet above the ground?

Find the position, velocity, speed, and acceleration at time ¢ = 1 second of a particle if v{t} = 2t —4;
s=3 whent =0

A ball is rolled across a level floor with an initial velocity of 28 feet per second. How far will the
ball roll if the speed diminishes by 4 feet/sec? due to friction?

A particle, initially moving at 16 ft/sec. is slowing down at the rate of 0.8 ft/sec’. How far will
the particle travel before coming to rest?

A projectile is fired vertically upward from a point 20 feet above the ground with a velocity of 40
feet per second. Find the speed of the projectile when it is 36 feet above the ground. -

A rapid transit trolley moves with a constant acceleration and covers the distance between two
points 300 feet apart in 8 seconds. Its velocity as it passes the second point is 50 feet per second.

(a) What is its acceleration?
{(b) What is the velocity of the trolley as it passes the first point?

A jet plane travels from rest to a velocity of 300 feet per second in a distance of 450 feet. What is
its constant acceleration?

A particle is moving so that its velocity, v(t) =% —t — 2 for 0 <¢ < 3. Find the displacement and
total distance travelled by the particle.

A particle is moving so that its velocity, v(t) = 4 —t for 0 < ¢ < 6. Find the displacement and total
distance travelled by the particle.

A particle is moving so that its velocity, v(£) = 8 — 2t for 0 < ¢ < 5. Find the displacement and
totel distance travelled by the particle.
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7.7.16 A particle is moving so that its velocity, v(t) = t2 — 3t + 2 for 0 < ¢t < 3. Find the displacement
and total distance travelled by the particle.

7.7.17 A particle is moving so that its velocity, v{t) =t — 4t 4+ 3 for 0 < ¢t < 4. Find the displacement
and total distance travelled by the particle.

7.7.18 A particle is moving so that its velocity, v(t) = ¢ ~ 8/t% for 1 < ¢ < 3. Find the displacement and
total distance travelled by the particle.

7.7.19 The graph of a velocity function over the interval [t1,¢2) is as shown.
{a) Is the acceleration positive or is it negative?
(b) Is the acceleration increasing or is it decreasing?
(c) Is the displacement positive or is it negative?



SOLUTIONS

SECTION 7.7

7.7.1 s(t) = 0 upon impact with the ground.
s(t) = —16¢% — 48t + 160 = —16(t* + 3t — 10) = —16(t + 5)(t — 2)
8(t) =0 when ¢ = 2 sec.
v(t) = —32t — 48; v(2) = —32(2) — 48 = —112, the speed at impact is 112 ft/sec.

7.7.2 s=128 when t =0, so s(t}) = —~16t2 + vt + 128 = 0.
s=0whent =2, —16(2)2 +v(2) + 128 =0
= —32 ft /sec.

7.7.3 (a) s{t) =0 when the projectile hits the ground,
8(t) = ~16t* + 80t = —16t(t — 5)
8(t) = 0 when t = 0 and when £ = 5 seconds.
(b) —16t% + 80t = 64
—16(t? — 5t + 4) = ~16(t — 4)(t ~ 1)
The projectile is 64 feet above the ground when ¢ = 1 and t = 4 seconds.
(c) v(t) = —32¢t+ 80
v(1) = —32(1) + 80 = 48 ft/sec
v{4) = —32(4) + 80 = —48 ft/sec.

7.7.4 Let h = height of the dormitory window, then, s = k and v = 0 when t = 0, thus, s(t) = —16t* +h
5(3)=0,80 —16(3)*+ h =0  h =144 feet.
7.7.5 a(t) =10t
v(t) = /lﬁtdt = 5t + Cy, v(0) = vy, so C; = vy and
v(t) = 5t + v
s(t) = /(5t2 + wp)dt = §t3 + vt + Cy
s{0)=0,80,Cz =0
s(3) = 105 so 2(3)3 + 3yp = 105
vy = 20

thus () = 5t + 20
v(3) = 5(3)2 + 20 = 65 ft/sec.

177
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Solutions, Sectlon 7.7

7.7.86 (a) s(t)=—16t"+ vyt

T7.7.7

7.7.8

7.7.9

7.7.10

U(t) = =32t + v
v = 0 when the projectile is at its maximum height, thus,

—3% +vy=0,
)
= 32

v up \? v
s(t) = 144 feet when ¢ = 2 sec s0 ~16 (3—2) + (3—2) = 144
v = (64)(144)
vy = 96 ft/sec (positive since fired upward},
(b) —16t%+ 96t =80
—16(t? — 6t +5) = —16(t — 5}(t —1) =0
The projectile is 80 feet above the ground when ¢ =1 and ¢ = 5 seconds.
v(t) = —32t + 96, v(1) = —32(1) + 96 = 64 ft/sec,
v(5) = —32(5) + 96 = —64 ft/sec.

s(t) = /(2n—4)dz=t3—4:+cl; 5(0)=3; ¢, =3

s(t) =t —4t+3,8(1) = (1)~ 4(1) +3=0
v(l) = 2(1) —4=-2
(1) =|-2]=2

alt) = % —2,a(1) =2

u(t) = / —4dt = —4t + Cy; v(0) = 28 s0 C; = 28, v(t)} = —4t + 28

s(t) = / (4t +28)dt = —22 + 28t + C, if 5(0) = 0, G2 = 0 and

s(t) = —2t% + 28¢
The ball comes to rest when v =0, s0 — 4t + 28 =0, ¢ = 7 sec, thus
8(7) = —2(7)% + 28(7) = 98. The ball rolls 98 feet before coming to rest.

o(t) = f ~0.8dt = 0.8t + Ct, v(0) = 16 s0 O = 16,
o(t) = 08¢+ 16
s{f) = ] w(t)dt = / (—0.8¢ + 16)dt = —0.4¢> + 165 + O, if 5(0) =0

Cy =0, s(t) = —0.44% + 16¢
The particle comes to rest when v(t) = 0, so —0.8¢ + 16 = 0, ¢ = 20 sec; thus,
$(20) = —0.4(20)% + 16(20) = 160. The particle travels 160 feet before coming to rest.

s = 20 when { = 0, so, s(t) = —16t% + 40t + 20. When s = 36, s(t) = —16t° + 40¢ + 20 = 36 or
—8(2t — 1}{¢ — 2) = 0; thus, the projectile is 36 feet above the ground when ¢ = 1/2 second and
t = 2 second. v(t) = —32t + 40 so speed = | — 32(1/2) + 40} = | — 32(2) + 40| = 24 ft/sec.
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7.7.11

7.7.12

7.7.13

7.7.14

7.7.15

7.7.16

7.7.17

Let a be the acceleration of the trolley, so that v(t) = /adt. v(t) = at+¢;. Whent =0, v(0) = v
so that ¢; = vy and v(t) = at + v

s(t) = f o(t)dt = / (at + vo)dt = "‘Tt’s+~u@a+c'2

2

Let 3(0)=080{:2=0ands(t)=%+u3t
When t = 8 secs, v = 50 ft/sec and s = 300 ft so
2(8)% + w(8) = 300 8a+2up="T5

2 or

8a +cp= 50

2
mthatazémdm:%
8a + vp= 50

(a) the acceleration of the trolley is % ft /sec®
{b) the velocity of the trolley as it passes the fitst point is 25 ft/sec.

Let a = acceleration of the jet plane so that v(f) = /adt, v(t) =at +Cy. Whent=0,v=0s0
2

2
£
C1 = 0 and v(t) = at, s(t) = % + C;. Let s(0) = 0 so C2 =0 and s(t) = %, thus, v = at and
2 2
s=E;—-. Whens=450,U=300,so300=at,t=?and450= %(g.%) or ¢ = 100. The
acceleration of the jet plane is 100 ft/sec>.
3 3 9 3

displacement = / (-t-2dt=t L g =3

A 3 2 |y 2

3 2 3 31
distance:[ |t‘—t—2|dt=f —(t?'—t-2)dt+/(t2—t—2)dt=?.
i} 1] 2

i t2 6
displacement = f {(4-t)dt = 4 — —] =6
0 2]o

& 4 6
distance = f [4 —tidt = / (4-t)dt+ / —{4 —t)dt =10
0 0 4

2

5
displacement = f(S —2t)dt = Bt — &] =15
i 2 Jo

5 4 5
distance = f |8 — 2tjdt = f (8 —2t)dt + / (8- 2t)dt = 17.
0 1] 4

'y 2 3
displacement = /\z(t2 —3t+2)dt = 2.3 +2t = 3
A 3 2 02

i 2 3 11
dista.nce=/ (t2—3t+2)dt+/ —(t2—3t+2)dt+/ (£ — 3t + 2)dt = e
0 1 2

4 t3 4':2 4
displacement = f (t? — 4t +3)dt = 32 + 3t]
a

_4
2 ~ 3

a

distance= f |t? — 4t + 3|dt
0

1 3 4
=f(t“—4¢+3)dt+/ —(t2—4t+3)dt+f(t2—4t+3)dt=4.
a 1 3
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8 # 81* 4
7.7.18 displacement = A P PORRUERT.4 S
placement /:( ta)dt 2+t] 3

8 2 8 3 8 11
dt—j; —(t—a)dﬁ-ﬁ-i (t—g)dﬁ—?.

t—=—
7.7.19 {(a) acceleration is positive

3
distance = f
1

12

(b) acceleration is increasing

(c¢) displacement is positive



Quaestions, Section 7.8

SECTION 7.8

% sin(1/t)

7.8.1 Ewaluate 2 dt.
4/ t

2
7.8.3 Eveluate f (@? + 1)v/22 + 62 da.
1

1
7.8.5 Evaluate[ z+/922 + 16dz.
0
3
7.8.7 Eva.luate/ /9 — z2 d.
0
/4
7.8.9 Eva.lu:astef'r tan? zsec? z dx.
o
7.8.11

2
Evaluate j 22z — 1 dz.
1

7.8.13

0
Evaluate /
5 r—1

_f

62
2 i
sin (2)

t.,.2
7.8.17 Evaluate f %\/2:::3+7d:c.
1]

\/1'12
7.8.15 Ewaluate / dg.
+/7/3

7.8.19 Given that f f(z)dz = 4, find
-2
4
(@) j s
i
7.8.20 Given thatf Fflz)dx = -2, find
-3
1
(@) ] St

T
7.8.21 Ewsluate f dt
3

2 .
7.8.23 Diﬁerentiat.e/ i":—tdt.
1

7.8.25 Find F'(z) if F(z) = f sin? 4 dé.
0

7.8.2

7.8.4

7.8.6

7.8.8

7.8.10

7.8.12

7.8.14

7.8.18

7.8.18

7.8.22

7.8.24

181

dx
NCES e

1
Evaluate f
0
3
Evaluate f VvVt +2x2 4 1dz.
o

1
T
Evaluate ¢/(] mdx

Evaluat f E__de.
tate [ 1/9—}-35

wf%
Evaluate / cos® 3tsin 3t dt.
)

5
Evaluate f Tv2r — 1dzx.
1

ﬂ',f 1] t
Evaluate ]ﬂ Mdt

VE/d

Evaluate zesex? cot 22dz.
V6

/8
Evaluate ]: (27 + sec 2z tan 2x)dz.
4
®) [ s

® [ 3 Fw)dw

T

Evaluate f sintdt

~ar

. d’y. "—'3 2
Fmd@lfy=£ ¥ cos®tdt.

£
7.8.26 Find F'(z) if F(z) = f (t° + 1)dt. Check your work by first integrating and then differentiating.
: 1

sinx
7.8.27 Find F(z) if F(z) = f V1=t
1)
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7.8.28

7.8.29

7.8.30

7.8.31

7.8.32

Questions, Sectlon 7.8
£
¥ F(z) = / S0 2t g, ind lim F*(z).
1 t F )

* 1
Find F*(2) if F(x) = / —di.
8 (9:) (@) o 11— 3t

d 1
Find o [ / (t+ 1)Y 2dt]. Check your work by first integrating, then differentiating.
0

Express the antiderivative of 1/(4 4+ z%) on the interval (—co, +o0) whose value at z = —2 is 0 as
an integral, F(x).

Find F'(z) if F(z) = / T,



SOLUTIONS

SECTION 7.8
1 1 dt
7.8.1 u= }', du = t_zdt’ t—z = —du
/2 . =f2 ﬁ 1 2T \/ﬁ
—/ sinudu = [cosu] = —— or [cos{ — = ——
x/4 w/4 2 t/ e 2

7.8.2

7.8.3

7.8.4

7.8.5

7.8.6

7.8.7

7.8.8

7.8.9

7.8.10

2 2
u=z+1, du=da:,f u_l"zdu=[2u1"'2]l=2\/§—2 or
1

[2@]; =2v2-2.

w=22% + 6z, du = 6(z* + 1)dz, (2 + 1)dz = ‘%“,

28 28
1 ] gy = L] o 8VT-16v2
6 Js g% |, 9

1., 3 a]? _ 56VT —16v2
9[(2” +62) ]1_ "

V@R +1)2de = 3(x’+1)dx= A EI=12
[t] -[.. 3 0

u=9x2+16,du=18xdz,zd;c=gi%,
1 25 1/2 1 372 25 61 32 61
18 = o = of — 16 =,
18]1.611 du 27[“ ]16 21 " 2 [(9x+ ) ] 27

2 du
U=1+:B,du=2xdx,xdz=?,
lfgu_zd"—_ ‘“1‘2—10:_ _1 ]t
2/ T 2w, 4 MrD, 4
U=9—I2,du=—2zdm,a:dz=—%",
1 91/2 R Y L 1 a2 _
5_/(;“' du—g[u ]U——Qor 3[(9 z%) ]ﬂ_g_

dy

u=09+1z% du=2zxdr, xdr =

[T o] -1 (57 -

u = tanz, du = sec® ¢ dz,

1 311 3 . |74
2, Wl _1  taniz™ 1
[ﬂudu— 3 0—301' ek =3
. . du
u =cos3t, du = —3sin3tdt, sin 3t dt = -3
1/, lpgl 7 17 .7 7T
Elﬁu d‘u—g[ ]1;“2 5 9T —g [cos 3t] =

183
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7.8.11

7.8.12

7.8.13

7.8.14

7.8.15

7.8.18

7.8.17

u=g~1l,du=dz,z=u+1,

1 i 1
/ (u+1)u!?dy = f (63?2 + 203 4 )y = ['Er“m + %um + %um] =
0 0

0

2 4 2 184
A1) 12 4 S 3| = 1B%
or [7(:5 Y4+ 5(..'-: 1% + 3(9: 1) 108

w=2z -1, du = 2dz, dx_‘;—“,z_";l,

Solutions, Section 7.8

184
105

1 u+1) qp _1/ 32 2y, — {2 512, 2 ap g_f@
2/1(2)11: du—41(u +u )du—45u +3u 1 T
1

4

2., oz 2 ye|” _ 428
[5(2::: 1) +3(2z 1) abTa

u=x—l,du=dr,z=u+1,

/ U 1du /(um +u'l/2)du— [% 32 +2ux}2] — % or
4

10
44
2ip_ 1y _ye| =4
[3(1: 1)%% + 2(z - 1) ]5 3

w =20, du=4tdt, tdt—d:,

V=/8 /3 3
/ tsec? 2t%dt = l/ sec® udu = 1 [tanu] = £ or
0 4 fi] 4 0 4
1 2 x/6 \/ﬁ
7 [tanzt T

wet du=ods

2 n/4
] 903026 de = / CEC udu——[cot.u] =+3-~1or
2/ x/3 /8

27 4/ 7/2
- [cot 6_] =v3-1.
2 ®/3

u=zx% du=2zds, zdx = %,

1t 1 ¥ are —3-3
-3 . —cscucotudy = —Ecmu,i =-3 [ﬁ-z] - or
vi 3_
_lcscxz =3 3\/5
Vi
u=22% 47, du = 6z%dz, :c“da:=d—u.

6

8 -T 1 v 2T-TWT
WPy = — 3;2 A=A 2 3 | 2 VT
12_/ du = ] iz 18 [(2"’ +7) ]n CH



Solutions, Section 7.8 18%

7-8s18 uzzm,dI:d_z.u',
1 [ 1 [u? g2 1
EL {u + secu tanu)d =§[1;~+secu]0 zg-&-+§-§
LI 2 1/5 1
— 2 = — —_—
or [2:.-: +sec2a:] 64+ 2 3
7.8.19 (a) 4 (b) 4
7.8.20 (a) —2 | (b) -2
z o x4 81
3.21 = == - —
7.8 A 3 dt 5 71
7.8.22 / sintdt = —cost 32 = —cosx — {— cos{—2m))
—Dyr -2
=—cost+1=1—-cosz
sinz®\ d, 4 sinz®, 5 3sinzg®
7.8.23 (—35.3-_) a[&:}— 1:3 (31)— T .
7.8.24 sin®z.
7825 P - Peostz
8. p
% = 3x2cos? z — 2z%sinz cosx
t4 T .'L" 5 : d 2?4 5 3
7.8.26 F(z)= [-‘1—+t]1 _I+I"Z’SOF(I)_E [I+x-—z] =z"+1.

7.8.27 V1 -sin’z %[sinz] = coszV1 —sin®z.

7.8.28 lm S22 _ 1im 2522 _ 9 i 822 _ 901y = 9; (22 — 0 as 7 — 0).
20 T =0 2 2z—0 2T
L gy gy = L 32 g = (1 — 372
7.8.29 F“(m)—m__(l 372715 P (z) = 2(1 32%)~¥2(—6z) = 32(1 — 3a*) V=

7.830 % x(t + 1)t = 4 3(:: +1)%2 — 2. (z + 1)42,
d:’B o dr |3 3

£ 1
8.3 = .
7.8.31 F(z) [24_”2&

7.8.32 Fl(z)=e*.
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SECTION 7.9

7.9.1 Find the domain of f(z) = In(3 — 4z).
7.9.2 Find the domain of f{z) = In(9 — z?).
7.9.3 Find the domain of f(z) =In{l1 + Inz|.
7.9.4 Simplify e~ ™2},

7.9.5 Simplify ¢'2%2,

7.9.6 Simplify In(z?¢~%),

7.9.7 Let f(z) = e*. Find the simplest exact value of f(In %).



SOLUTIONS

SECTION 7.9

7.9.1

7.9.2

7.9.3

7.9.4

7.9.5

7.9.6

7.9.7

3—4m>0,x<-z:.

9-22>0
(3-2)3+2z)>0
—3 < z < 3, so the domain is {—3,3).

x > 0, 50 the domain is {0,00).

1
—In(z+2) _ 9 -1_
€ (x+2) p——
" = 24,
Z2lnz — 3z.

fling)=e3nb = ehs =,

187




188 Supplementary Exerclees

SUPPLEMENTARY EXERCISES, CHAPTER 7
In Exercises 1~10, evaluate the integrals and check your results by differentiation.

11 : A —t+2
1. /[F+\—/§—53mz]dz. 2. /Tdt

3. /Mdz 4. ./:racos(2a:‘-— 1)dz.

5. “%ﬁ / Vcos Bsin(26) d6.
. 21 dx
/ V(3 + V) da. 8. / 2P + 228+ 1
2
f sec?(sin 5¢) cos 5t . 10, [z
ST

‘11. Evaluate / ¥(y® + 2)* dy two ways: (a) by multiplying out and integrating term by term; and (b) by
using the substitution u = y* + 2. Show that your answers differ by a constant.

In Exercises 12-17, evaluate the definite integral by making the indicated substitution and changing the
a-limits of integration to u-limits.

/u\‘?‘l—2zdz,u=1—2m. 13. / in*z cosz dx,u = sinz.
1
-3
zdz 5—2
14. f —mm——,u = 3 + 16. 15. dr,u=z—1.
o Vzri+416 1,/'_
nfd ;
186. M—,u=1— 3 cos2z. 17. _/ (“‘/-) da,u = —£
76 /1§ cos2z 2

2
In Exercises 18 and 19, evaluate/ f{z)dz.
-2

3 forz 2 0 :
18, f(z)={_x:c fo::E 0. 19. f(z)={2z-1j.

In Exercises 2022, solve for x,

1 o 1 = B
[xdt=3. 21. /pmdha' 22, /2(4t-—1)dt-9.
& n+d
23. (a) 25 (b) 22
:l:-:
@ 3 ()Z(Ha)
d
© Y © Sen+1)
a2 n=4

i q
(8) >_sin{kn/4) (h) Y sin*(x/4).
kml}

K]
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24, Express in sigma notation and evaluate:

(a) 3-1+4-2+5-3+--++102-100 (b) 2004198+ - +4+2.

25. Express in sigma notation, first starting with k = 1, and then with k = 2. (Do not evaluate.)

1 4 ¢ 64 81 ” 7 12
@ 35+t~ TR b) T-F+g- ot

In Exercises 26-29, use the partition of [a,b] into n subintervals of equal length, and find a closed form
for the sum of the areas of (a) the inscribed rectangles and (b) the circumsciibed rectangles. (c) Use your
answer in either part (a) or part (b} to find the area under the curve y = f(z) over the interval [a, b]. (Check
your answer by integration.)

26. f(z)=6-2x;6a=1,b=3. 27. flz)=16—2%a=0,b=4
28. f(r)=z+2a=1b=4 29. f(z)=6e=-1b=1.

30. Given that 5
fP(w)d:: = -1,/ P(z)dz = 3,
1 3

and s
[ a@ae=4
evaluate the following:
(a) [: 2P(z) + Q(a)} dz (b) j; Pt dt
—5 1
(© [ Q-a)ds (@) fa P(z)da.

31. Suppose that f is continuous and z? < f(z) < 6 for all z in [~1,