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Preface

This test bank accompanies Zill’s A First Course in Differential Equations, 9" edition
and Zill's Differential Equations with Boundary-Value Problems, 7" edition. Each chapter
contains eight exams, two exams of the free response variety, two multiple choice exams,
and four exams of a mixed type. Each exam has 20 questions, followed by answers for
that exam. The two final exam chapters at the end contain three exams each, one each of
the free response, multiple choice, and mixed varieties. Each of the final exams contain 50
questions with answers.

This test bank contains 2700 questions with answers. With such a large number, there
are bound to be errors, for which I am entirely responsible. If you, the reader, find mistakes,
please contact me at the e-mail address listed below. I endeavor to make this test bank as
free of errors as possible, so your input is very much appreciated.

I would like to extend my appreciation to two reviewers, Dennis Lewandowski and David
Olson, for their perusal of this test bank. I also thank Stacy Green and the staff at Cengage
for putting this project together. I also thank Dennis Zill for giving me the opportunity to
work on this project. Finally, I thank my wife, Susan, for her patience through this project.

Gilbert N. Lewis
lewis@mtu.edu
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1.

10.

11.

.y = c1e” + coe”

State the order of the differential equation and tell whether it is linear or nonlinear.

y'" + Syy" + 2y' =3z + 1.

. State the order of the differential equation and tell whether it is linear or nonlinear.

y" + 2y —sinz y = €°.

. Verify that the indicated function is an explicit solution of the given differential equa-

tion.

y' =3y +2y = 0;y = e*.

Verify that the indicated family of functions is a solution of the given differential
equation.

Y — 6y + 9y = 0;y = 137 + cowe’”.

. Verify that the pair of functions is a solution of the system of differential equations.

dr _
dt
dy

— =2 3
7 x + 3y

Y

z = el + 3e%

Y = el + 6e2t

.y = 1/(2% + ¢) is a one parameter family of solutions of the differential equation

y' + 2zy? = 0. Find a solution satisfying the initial condition y(1) = 2.

Yy = c1cosT + cosinzx is a two parameter family of solutions of the differential equa-
tion y” +y = 0. Find a solution that also satisfies the initial conditions y(w/4) =
2,9/ (7/4) = 1.

* is a two parameter family of solutions of the differential equation

y"—y = 0. Find a solution that also satisfies the initial conditions y(0) = 3,¢'(0) = —1.

. Determine by inspection at least two solutions of the initial value problem zy’ =

2y,y(0) = 0.

Determine whether Theorem 1.1 guarantees that the differential equation ¢y’ = \/y? — 4
has a unique solution through the point (1, 3).

Determine whether Theorem 1.1 guarantees that the differential equation 3/ = /y? — 4
has a unique solution through the point (—1,2).
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12.

13.

14.

15.

16.

17.

18.

19.

20.

Determine a region of the xy—plane for which the given differential equation has a
unique solution passing through a point (zg,yp) in the region.

y = /.

Determine a region of the xy—plane for which the given differential equation has a
unique solution passing through a point (zg,yg) in the region.

x(y—3)y = 1.

The population of a certain country grows at a rate proportional to its population. If
immigration into the country at a rate r > 0 is allowed, write down the differential
equation for the population as a function of time.

A chicken is taken out of the freezer (at 32°F) and placed on the kitchen table (at
70°F). Write down the differential equation and initial condition for the temperature
of the chicken at time ¢. Assume that Newton’s Law of warming applies.

A large tank initially contains 100 gallons of pure water. A brine solution with a
concentration of 2 pounds of salt per gallon is poured into the tank at the rate of 3
gallons per minute. The well-stirred mixture is then pumped out at the same rate.
Write down the differential equation and initial condition for the amount of salt in
the tank at time t.

Write down the differential equation for the charge on the capacitor in an R-C circuit
to which a 12 volt battery is attached.

Write down the differential equation for the charge on the capacitor in an L-R circuit
to which a voltage of 100sint is applied.

A rock is thrown upward from the top of a 200 foot tall building with an upward
speed of 20 feet per second. Write down the initial value problem for the position of
the rock as a function of time.

A body falls toward earth under the force of gravity. Assume that there is a damp-
ing force due to air resistance that is proportional to the velocity. Write down the
differential equation for the velocity as a function of time.
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1.

2.

10.
11.
12.
13.

14.

15.

16.

17.

18.

19.

20.

Third order, nonlinear

Second order, linear

/ 1
.y =e*, y' = 2%, y" = 4e?®,

Y’ — 3y + 2y = 4e?® — 3(2e%) 4+ 2e2* = (4 — 6+ 2)e** =0

— 3 3
y = cr1e’" + coxe’”,

y' = 3c1€3% + 3caxed® + coe’?,

y" = 9c1€3* + 9cpxed® + 6ege”,

y"—6y'+9y = 9c1e37+9cawe T +6c2e3” —6(3c1 3T +3cawedT +c0e37)+9(cr €3 epzedT) =
(9 — 18+ 9)c13® + (9 — 18 + 9)cawe®® + (6 — 6)coe’® =0

) d$:€t+6€2t:y,

dt
— 27 + 3y = —2¢! — 66 + 3¢ + 18e? = el 4 12e% = W

1

Y=o

y = v/2cosx/2 + 3v/2sinz /2

y=e"+ 2"
. y:(),y:x2
Yes

No, because /92 — 4 is neither continuous nor differentiable there.
{(z,y) : x>0,y >0} or {(z,y): 2 <0,y <0}

{(z,y) : > 0,y > 3} or three other regions

% = kP + r, where P(t) is the population at time ¢ and k is the constant of propor-

tionality.

% = k(T —70),7T(0) = 32, where T'(t) is the temperature of the chicken at time ¢,
and k is the constant of proportionality.

4 =6 %, A(0) = 0, where A(t) is the amount of salt in the tank at time t.

R% + %q = 12, where ¢ is the charge on the capacitor, and R and C' are the resistance
and capacitance, respectively.

L% + R% = 100sint, where ¢ is the charge on the capacitor, and L and R are the

inductance and resistance, respectively.

% = —32,5(0) = 200, %(O) = 20, where s(¢) is the position of the rock at time ¢

relative to the ground.

mfl—;’ = mg — kv, where v is velocity at time ¢, m is mass, g is the gravitational accel-

eration, and k is the constant of proportionality. The positive direction is downward.
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10.

11.

12.

.y = c1e” + coe”

. State the order of the differential equation and tell whether it is linear or nonlinear.

6y” + 3y — S8y = cosx.

. State the order of the differential equation and tell whether it is linear or nonlinear.

yl/// _|_ 2y/y// o eiv,y = tanz.

Verify that the indicated function is an explicit solution of the given differential equa-
tion.

y' =5y + 4y = Oy = €'

Verify that the indicated family of functions is a solution of the given differential
equation.

Y — 6y + 5y = 0;y = 17 + cae”.
Verify that the pair of functions is a solution of the system of differential equations.

dzx

=~ _9
7 Tty
dy

—Z =2 3
7 T + 3y

x = —2¢' + 2%

y = 2et + 4ett

.y =1/(1 +ce ") is a one parameter family of solutions of the differential equation

y' =y — y?. Find a solution satisfying the initial condition y(2) = 3.

. Yy = c1cosT + cosinx is a two parameter family of solutions of the differential equa-

tion y” + y = 0. Find a solution that also satisfies the initial conditions y(7/2) =
—1,9y/(7/2) = 4.

* is a two parameter family of solutions of the differential equation

y"” —y = 0. Find a solution that also satisfies the initial conditions y(1) = —2,v/(1) =
—3.

. Determine by inspection at least two solutions of the initial value problem zy =

3y,y(0) = 0.

Determine whether Theorem 1.1 guarantees that the differential equation 3’ = /y — 3
has a unique solution through the point (1, 3).

Determine whether Theorem 1.1 guarantees that the differential equation 3’ = /y — 3
has a unique solution through the point (—1,4).

Determine a region of the xy—plane for which the given differential equation has a
unique solution passing through a point (zg,yo) in the region.

/

Y =\Jz(y —2).
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13.

14.

15.

16.

17.

18.

19.

20.

Determine a region of the xy—plane for which the given differential equation has a
unique solution passing through a point (xg,yg) in the region.

(@ =12y +2)y = 1.

The population of a certain country grows at a rate proportional to its population. If
emigration out of the country at a rate r > 0 is allowed, write down the differential
equation for the population as a function of time.

A baked chicken is taken out of the oven (at 350°F) and placed in the refrigerator (at
40°F). Write down the differential equation and initial condition for the temperature
of the chicken at time t. Assume that Newton’s Law of cooling applies.

A large tank initially contains 50 gallons of a brine solution with a concentration of 2
pounds of salt per gallon of water. Pure water is pumped into the tank at the rate of
4 gallons per minute. The well-stirred mixture is then pumped out at the same rate.
Write down the differential equation and initial condition for the amount of salt in
the tank at time ¢.

Write down the differential equation for the charge on the capacitor in an R-C circuit
to which a voltage of 10cost is applied.

Write down the differential equation for the charge on the capacitor in an L-R circuit
to which a 12 volt battery is attached.

A rock is thrown from the top of a 500 foot tall building with a downward speed of
30 feet per second. Write down the initial value problem for the position of the rock
as a function of time.

A body falls toward earth under the force of gravity. Assume that there is a damping
force due to air resistance that is proportional to the square of the velocity. Write
down the differential equation for the velocity as a function of time.
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1.

2.

10.
11.
12.
13.

14.

15.

16.

17.

18.

19.

20.

Second order, linear
Fourth order, nonlinear

y = 64137 y/ — 46413’ y// — 16649:’
y" — 5y + 4y = 16e** — 5(4e*®) + 4e*® = (16 — 20 + 4)e?* = 0

Y = 1€ + cqe”,

y' = 5c1€7% 4 cge?,

y" = 25¢1€5* + coe®,

y" — 6y’ + 5y = 25¢1€7" + cae” —6(5c1e7 + cae®) +5(c1ed 4 cae®) = (25— 30+5)c1 e +

(1=6+5)c2e” =0

22 +y = —del + 4ett 4 2et + et = —2e! 4 8ett = ‘fl—f,

22 + 3y = —de’ + 4e* + Ge! + 12eM = 2¢! + 16e% = X
_ 1

Y= 1323

y = —4cosx — sinx

y=—5e""1/2 +el77)2

y=0y=2a’

No, because /y — 3 is neither continuous nor differentiable there.
Yes
{(z,y) 12 >0,y >2} or {(z,y) : 2 <0,y <2}

{(z,y) : > 1,y > —2} or three other regions

% = kP —r, where P(t) is the population at time ¢ and k is the constant of propor-

tionality.

4L = k(T — 40),T(0) = 350, where T(t) is the temperature of the chicken at time ¢,

and k is the constant of proportionality.

= —%, A(0) = 100, where A(t) is the amount of salt in the tank at time t.
R% + %q = 10cost, where ¢ is the charge on the capacitor, and R and C are the
resistance and capacitance, respectively.

L% + R% = 12, where ¢ is the charge on the capacitor, and L and R are the

inductance and resistance, respectively.

% = —32,5(0) = 500, %(0) = —30, where s(t) is the position of the rock at time ¢

relative to the ground.

m% = mg — kv?, where v is velocity at time ¢, m is mass, ¢ is the gravitational accel-

eration, and k is the constant of proportionality. The positive direction is downward.
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1. The differential equation y” + 2y’ + 3y = 0 is

Select the correct answer.

first order linear

(a
(b

)

) second order linear
c¢) third order linear
)

)

(
(d

(e) second order nonlinear

first order nonlinear

2. The differential equation y” + 2yy’ + 3y = 0 is

Select the correct answer.

first order linear

(a
(b

)

) second order linear
c¢) third order linear
)

)

(
d

(e) second order nonlinear

first order nonlinear

3. The differential equation 3’ + 3y = sinz is

Select the correct answer.

first order linear
b

)

) second order linear
c¢) third order linear
)

)

(a
(

(
(d

(e) second order nonlinear

first order nonlinear

4. The differential equation y” + 2y’ + 3y = siny is

Select the correct answer.

(a) first order linear
(b) second order linear
(¢) third order linear
(d) first order nonlinear
)

(e) second order nonlinear
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5. The differential equation y"”’ + 2y” + 3xy’ — 4y = sinx is

Select the correct answer.

(a) first order linear
(b) second order linear
(¢) third order linear
(d) first order nonlinear
)

(e) second order nonlinear

mx

6. The values of m for which y = ™" is a solution of " — 5y + 6y = 0 are

Select the correct answer.

(a) 2 and 4
(b) -2 and -3
(¢) 3 and 4
(d) 2 and 3
(e) 1 and 5

7. The values of m for which y = 2™ is a solution of z?y” — 5z’ 4+ 8y = 0 are

Select the correct answer.

(a) 2 and 4
(b) -2 and -4
(¢) 3 and 5
(d) 2 and 3

)

(e) 1 and 5

8. The values of ¢ for which y = c is a constant solution of 3/ = y? + 3y — 4 are

Select the correct answer.
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9. The values of m for which y = ™" is a solution of y” — 4y’ — 5y = 0 are

Select the correct answer.

10. The population of a town increases at a rate proportional to its population. its initial
population is 1000. The correct initial value problem for the population, P(t), as a
function of time, ¢, is

Select the correct answer.

(a) 2£ = kP, P(0) = 1000
(b) & =kP? P(0) = 100

(d) & = kP(1— P), P(0) =100

dt
(e

)
)
(c) & = kP, P(0) =100
)
) 42— kP? P(0) = 1000
11. The solution of the initial value problem ¢y’ = 3y,y(0) = 2 is y = ce3*, where ¢ =

dt

Select the correct answer.

12. The solution of the initial value problem v’ =2y + z,y(1) =1/4isy = —z/2—1/4+
ce®® where ¢ =

Select the correct answer.



Zill Differential Equations 9e Chapter 1 Form C

13. The initial value problem ¢’ = \/y? — 9,y(z¢) = yo has a unique solution guaranteed
by Theorem 1.1 if

Select the correct answer.

(a
(b
(
(d
(e

14. The temperature of a cup of coffee obeys Newton’s law of cooling. The initial tempera-
ture of the coffee is 150°F and one minute later, it is 135°F. The ambient temperature
of the room is 70°F. If T'(t) represents the temperature of the coffee at time ¢, the
correct differential equation for the temperature with side conditions is

(¢

T e s
I

)
0
1

Select the correct answer.

(a) 4L = k(T — 135)
(b) 4L = k(T - 150)
(c) %G = K(T —70)
(d) 4L =T7(T - 150)
(e) % =T(T - 70)

15. In the previous problem, after a long period of time, the temperature of the coffee
approaches

Select the correct answer.

16. In the LRC circuit problem in the text, C' stands for

Select the correct answer.

capacitance

(a
(b

)

) resistance
c) current
)

)

(
(d

(e) charge on the capacitor

inductance
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17. A large mixing tank initially contains 100 gallons of water in which 30 pounds of salt
have been dissolved. Another brine solution is pumped into the tank at the rate of 4
gallons per minute, and the resulting mixture is pumped out at the same rate. The
concentration of the incoming brine solution is 2 pounds of salt per gallon. If A(t)
represents the amount of salt in the tank at time ¢, the correct differential equation
for A is

Select the correct answer.

(a) 4 =8—.024
(b) ¥ =8—.044
(c) 4 =4—.044
(d) & =2-.044
(e) 4 =4—.084

18. In the previous problem, over a long period of time, the total amount of salt in the
tank will approach

Select the correct answer.

30 pounds
b

(a)

(b)

(¢) 100 pounds
)
)

50 pounds

(d) 200 pounds
(e) 300 pounds

19. In the LRC circuit problem in the text, the units of inductance, L, are

Select the correct answer.

ohms

farads

)

)
(c) amperes
(d) henrys

) coulombs
20. In the falling body problem, the units of acceleration might be

Select the correct answer.

(a
(b

) meters per second
)
¢) meters per second per second
(c) P D
(d)
)

feet per second

d

(e) kilograms per meter per second

kilograms per meter



ANSWER KEY
Zill Differential Equations 9e Chapter 1 Form C

1. b

2. e

10. a
11. a
12. b
13. ¢
14. ¢
15. ¢
16. a
17.

18.

e o T

19.

20. ¢
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1. The differential equation y"”’ + 2y” + 3y’ + 7y =0 is

Select the correct answer.

first order linear

(a
(b

)

) second order linear
c¢) third order linear
)

)

(
(d

(e) second order nonlinear

first order nonlinear

2. The differential equation y” + 2yy’ + 3y = 0 is

Select the correct answer.

first order linear

(a
(b

)

) second order linear
c¢) third order linear
)

)

(
d

(e) second order nonlinear

first order nonlinear

3. The differential equation 3’ + 3y = sinz is

Select the correct answer.

first order linear
b

)

) second order linear
c¢) third order linear
)

)

(a
(

(
(d

(e) second order nonlinear

first order nonlinear

4. The differential equation y” + 2y’ + 3y = siny is

Select the correct answer.

(a) first order linear
(b) second order linear
(¢) third order linear
(d) first order nonlinear
)

(e) second order nonlinear
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5. The differential equation y"”’ + 2y” + 3xy’ — 4y = sinx is

Select the correct answer.

(a) first order linear
(b) second order linear
(¢) third order linear
(d) first order nonlinear
)

(e) second order nonlinear

mx

6. The values of m for which y = €™* is a solution of y” — 9y’ + 20y = 0 are

Select the correct answer.

(a) 4 and -5
(b) -4 and -5
(¢) 3 and 6
(d) 4 and 5
(e) 3 and 5

7. The values of m for which y = 2™ is a solution of z?y” — 7xy’ 4+ 12y = 0 are

Select the correct answer.

(a) -3 and 4
(b) -2 and -6
(¢) 3 and 4
(d) 2 and 6

)

(e) 3 and 4

8. The values of ¢ for which y = c is a constant solution of 3/ = y? + 5y — 6 are

Select the correct answer.
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9. The values of m for which y = ™" is a solution of y” — 6y’ — Ty = 0 are

Select the correct answer.

10. The population of a town increases at a rate proportional to its population. its initial
population is 5000. The correct initial value problem for the population, P(t), as a
function of time, ¢, is

Select the correct answer.

(a) 2£ = kP, P(0) = 5000
(b) & =kP? P(0) = 500

(d) & = kP(1 - P), P(0) = 5000

dt
(e

)
)
(c) 4 = kP, P(0) =500
)
) 42— kP? P(0) = 5000
11. The solution of the initial value problem ¢y’ = 5y,y(1) = 3 is y = ce>®, where ¢ =

dt

Select the correct answer.

12. The solution of the initial value problem ¢ = 2y +x,y(—1) =1/2isy = —x/2—1/4+
ce®® where ¢ =

Select the correct answer.

(a) 2
(b) e*/4
(

@

(c
d

(e

2
2
2

/2

NN NS N N
™

e
1
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13. The initial value problem ¢y’ = \/y? — 16, y(z¢) = yo has a unique solution guaranteed
by Theorem 1.1 if

Select the correct answer.

(a) yo =4
(b) yo=—4
(c) yo=0
(d) yo=38
() yo=1

14. The temperature of a cup of coffee obeys Newton’s law of cooling. The initial tempera-
ture of the coffee is 140°F and one minute later, it is 125°F. The ambient temperature
of the room is 65°F. If T'(t) represents the temperature of the coffee at time ¢, the
correct differential equation for the temperature is

Select the correct answer.

(a) 2L = k(T — 125)
(b) 4L = k(T - 140)
(c) %G = k(T —65)
(d) 4L =T7(T — 140)
(e) % =T(T — 65)

15. In the previous problem, after a long period of time, the temperature of the coffee
approaches

Select the correct answer.

16. In the LRC circuit problem in the text, R stands for

Select the correct answer.

capacitance

(a
(b

)

) resistance
c) current
)

)

(
(d

(e) charge on the capacitor

inductance
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17. A large mixing tank initially contains 1000 gallons of water in which 40 pounds of
salt have been dissolved. Another brine solution is pumped into the tank at the rate
of 5 gallons per minute, and the resulting mixture is pumped out at the same rate.
The concentration of the incoming brine solution is 3 pound of salt per gallon. If A(t)
represents the amount of salt in the tank at time ¢, the correct differential equation
for A is

Select the correct answer.

(a) 4 =3 —.005A
(b) ¥ =5—.054
(c) 4 =15—.005A
(d) ¥ =3-.054
(e) 4 =15+ .054

18. In the previous problem, over a long period of time, the total amount of salt in the
tank will approach

Select the correct answer.

(a) 300 pounds
(b) 500 pounds
(¢) 1000 pounds
(d) 3000 pounds
(e) 5000 pounds

19. In the LRC circuit problem in the text, the units for C' are

Select the correct answer.

ohms

farads

henrys

)
)
c) amperes
)
) coulombs

20. In the falling body problem, the units of acceleration might be

Select the correct answer.

a) centimeters per second

(
(b

)
) feet per second
(c) feet per second per second
(d)

)

d

(e) kilograms per centimeter per second

kilograms per centimeter



ANSWER KEY
Zill Differential Equations 9e Chapter 1 Form D

1. c

2. e

10. a
11. a
12. b
13. d
14. ¢
15. ¢
16. b
17. ¢
18. d
19. b

20. ¢
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1. The differential equation 3 + 3y = €% is

Select the correct answer.

first order linear

(a
(b

)

) second order linear
c¢) third order linear
)

)

(
d

(e) third order nonlinear

second order nonlinear

2. The differential equation y” + 2sinz y” 4 3e® v/ — 5lnx y = 0 is

Select the correct answer.

first order linear

(a
(b

)

) second order linear
c¢) third order linear
)

)

(
(d

(e) second order nonlinear

first order nonlinear

3. Verify that y = €?* is a solution of 3 = 2.
4. Verify that y = 2 — 2 + cosz — sinz is a solution of 3" 4+ y = 2.
5. Verify that y = tan(2x) is a solution of y' = 2y% + 2.

6. The values of m for which y = €™* is a solution of y” — 3y’ + 2y = 0 are

Select the correct answer.

7. By inspection, find a one parameter family of solutions of the differential equation
xy = y. Verify that each member of this family also satisfies the initial condition

y(0) = 0.

8. y= x2l+c is a one parameter family of solutions of 3 4+ 2xy? = 0. Find a solution of

this differential equation that also satisfies the initial condition y(2) = 3.

9. Consider the differential equation y’ = 1/((y? —4)(z — 1)). Determine a region in the
xy—plane for which it has a unique solution whose graph passes through the point

(20, Yyo) in the region.
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2//

10. The values of m for which y = 2™ is a solution of z°y” + 2zy’ — 2y = 0 are

Select the correct answer.

(a) 1 and 2
(b) -1 and -3
(c) 1 and -2
(d) -1 and 2
(e) 1 and 3

11. The solution of the initial value problem ¢’ = 2y + z,y(1) =1/2isy = —x/2 - 1/4 +

ce®® where ¢ =

Select the correct answer.

(a) 2

(b) 5e~2/4

(c) 3e72/4

(d) e?/2
) 1

(e

12. The initial value problem ¢y’ = \/y? — 16, y(z¢) = yo has a unique solution guaranteed
by Theorem 1.1 if

Select the correct answer.

) 0—4
b)
(c)
(d)

)

(a
(

d
(e

13. Verify that 42 — 3y? = c is a one parameter family of solutions of the differential
equation ydy/dxr = 4z/3.

S S
I

Il
= o O

14. Determine whether Theorem 1.1 guarantees a unique solution of the initial value

problem 3/ = /1 — 42, y(1) =

15. A new technology is introduced into a community of 10000 individuals. If the rate at
which the technology spreads through the community is jointly proportional to the
number of people who have adopted the technology and the number of individuals who
have not adopted it, write down the differential equation for the number of people,
x(t), who have adopted the technology by time ¢.
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16. A large mixing tank initially contains 100 gallons of water in which 20 pounds of salt
have been dissolved. Another brine solution is pumped into the tank at the rate of 6
gallons per minute, and the resulting mixture is pumped out at the same rate. The
concentration of the incoming brine solution is 3 pounds of salt per gallon. If A(t)
represents the amount of salt in the tank at time ¢, the correct differential equation
for A is

Select the correct answer.

(a) 4 =6—.03A4
(b) 2 =18 —.064
(c) 4 =3—.064
(d) ¥ =6+.034
(e) 4 =18+ .064

17. In the previous problem, over a long period of time, the total amount of salt in the
tank will approach

Select the correct answer.

30 pounds
b

(a)

(b)

(¢) 100 pounds
)
)

50 pounds

(d) 200 pounds
(e) 300 pounds

18. In the LRC circuit problem in the text, C' stands for

Select the correct answer.

capacitance

resistance

)
)
c) current
) inductance
) charge on the capacitor

19. In the LRC circuit problem in the text, the units for R are

Select the correct answer.

farads

ohms

)
)

c) amperes
) henrys
)

coulombs
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20. In the falling body problem, the units of acceleration might be

Select the correct answer.

meters per second

(a
(b

)
) feet per second
c) meters per second per second
)
)

(
d

(e) kilograms per meter per second

kilograms per meter



ANSWER KEY
Zill Differential Equations 9e Chapter 1 Form E

1. a
2. ¢
3. y=e*
y' = 2e%* =2y

4. y=12% — 2+ cosz — sinx
Yy = 2x — sinx — cosz
y" = 2 — cosx + sinx
y// +y= :C2

5. y = tan(2x)
y' = 2sec?(2x) = 2(1 + tan?(27)) = 2(1 + y?) = 2y% + 2

6. ¢

7. y=cz,y(0) =0

8. y= 332—7111/3

9. {(z,y) : > 1,y > 2} or three other possible regions
10. ¢

11. b

12. d

13. 422 -3y’ =¢
8r —6yy’ =0
yy =8x/6 =4x/3

14. No, the function /1 — y2 is not continuous or differentiable at the point (1,1).
15. % = k(10000 — )

16. b

17. e

18. a

19. b

20. ¢
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1. Is the differential equation y” + 2siny v’ + 3e® y = 0 linear or nonlinear? If linear, is

10.

it homogeneous? What is its order?

. The differential equation 3" + y? = sinz is

Select the correct answer.

first order linear

(a)

(b)

c¢) third order linear
)
)

second order linear

(
d

(e) second order nonlinear

first order nonlinear

Verify that y = e** + 4 is a solution of y" — 4y’ = 0.
Verify that y = x + 3cosz + 5sinz is a solution of y” +y = x.
Verify that y = Inzx is a solution of zy” + 13 = 0.

The values of m for which y = €™* is a solution of y” — 3y’ — 4y = 0 are

Select the correct answer.

(a) 1 and -3
(b) -1 and -3
(c) 1 and 4
(d) 1 and 3

(e) -1 and 4

By inspection, find a one parameter family of solutions of the differential equation
xy’ = 4y. Verify that each member of this family also satisfies the initial condition
y(0) = 0.

The values of m for which y = ™ is a solution of z?y” 4+ 5xy’ — 5y = 0 are

Select the correct answer.

Yy=7 +cle—x is a one parameter family of solutions of 3/ = y — y%. Find a solution of
this differential equation that also satisfies the initial condition y(1) = 5.

Consider the differential equation y' = \/y — 2/(z% — 9). Determine a region in the
xy—plane for which it has a unique solution whose graph passes through the point
(x0,y0) in the region.
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11.

12.

13.

14.

15.

16.

The solution of the initial value problem ' = 3y +22,y(0) = 1isy = —2%/3 —22/9 —
2/27 + ce3®, where ¢ =

Select the correct answer.

(a) 1/9
(b) 8/9
(c) 25/27
(d)

) 1

d) 29/27
(e

The initial value problem v’ = \/y? — 25, y(x¢) = yo has a unique solution guaranteed
by Theorem 1.1 if

Select the correct answer.

(a) yo=
(b) yo =
(c) yo=0
(d) yo=38
(e) yo=4

Verify that 622 — y?> = c is a one parameter family of solutions of the differential
equation ydy/dr = 6z.

Determine whether Theorem 1.1 guarantees a unique solution of the initial value

problem ¢’ = /12 — 2, y(1) =

A disease is introduced into a community of 5000 individuals. If the rate at which
the disease spreads through the community is jointly proportional to the number of
people who have the disease and the number of individuals who have not caught it,
write down the differential equation for the number of people, z(¢) who have caught
the disease by time t.

Write down the differential equation for the charge on the capacitor in an LRC circuit
where the inductance is .1 henry, the resistance is 50 ohms, and the capacitance is
.001 farad.
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17. A cup of coffee initially is at temperature 90°C. It is placed in a room where the
temperature is 20°C. If the temperature obeys Newtons Law of cooling, the correct
differential equation for the temperature, T, as a function of time, ¢, is

Select the correct answer.

(a) 4L = k(T —90)
(b) 4L = k(t — 20)
(c) L =1(T - 90)
(d) 4 = k(T - 20)
(e) 4L =1(T - 20)
18. In the previous problem, over a long period of time, the temperature of the coffee will
approach

Select the correct answer.

19. Assume that an object of mass m falls toward earth under the influence of gravity,
and that it is also acted upon by the force of air resistance that is proportional to the
square of the velocity. Take the positive direction downward. The correct differential
equation for the velocity of the object is

Select the correct answer.

dv

(a) G =mg—kv
(b) ‘f;; = mg — kv?
(c) m‘f;; =mg — kv
(d) m% =mg — kv?
(e) m% =mg + kv?

20. Write down the initial value problem for the position of a falling body above ground
level, if it starts from a point 200 feet above ground level with an upward velocity of
40 feet per second.



ANSWER KEY
Zill Differential Equations 9e Chapter 1 Form F

1.
2.

3.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

second order nonlinear
e

y = e4x 44 y/ — 46493 y// — 1664:):
Y — 4y =16e*" — 4(4e') = 0

Yy = x + 3cosz + Hsinx
y' =1 — 3sinz + 5cosx

. €

y" = —3cosx — Hsinx
y'+ty=z
.y =Inx y =1/z y" = —1/2?
' +y =-1/x+1/x=0
— 4 _
y=ca,y(0) =0

. €

cy=1/(1 —4e!l=7/5)

10.

{(z,y) 12 >3,y >2}or {(z,y) : x <3,y >2}

d

d

622 —y> =c 120 — 2yy' =0 yy' = 6z
Yes

4r — k(5000 — )

129 4509 4+ 1000g = 0

d

(¢

d

% = —32,5(0) = 200, £(0) = 40, where s(t) is the position of the body relative to

) dt
the ground at time ¢.
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10.

. Is the differential equation y"”" + 2sinx y” + 3e® 3 — 5lnz y = 0 linear or nonlinear? If

linear, is it homogeneous? What is its order?

. The differential equation 3’ + y? = €® is

Select the correct answer.

(a) first order linear

(b) second order linear

(c) third order linear

(d)
)

d

(e) second order nonlinear

first order nonlinear

Verify that y = €3* 4 4 is a solution of y" — 3y’ = 0.
Verify that y = 23 — 62 4 3cosz + bsinz is a solution of y” 4y = 3.
Verify that y = secz is a solution of ¢’ = yv/y? — 1.

The values of m for which y = €™* is a solution of y” — 5y’ + 6y = 0 are

Select the correct answer.

(a) 2 and -3
(b) -2 and -3
(c) 1 and 2
(d) 2 and 3
(e) -1 and -2

By inspection, find a one parameter family of solutions of the differential equation
xy’ = 3y. Verify that each member of this family also satisfies the initial condition
y(0) =0.

The values of m for which y = ™ is a solution of z?y” + 4xy’ — 4y = 0 are

Select the correct answer.

Yy = 121+c is a one parameter family of solutions of y/ + 2zy? = 0. Find a solution of

this differential equation that also satisfies the initial condition y(3) = 5.

Consider the differential equation y' = \/y? — 9/(z — 3). Determine a region in the
xy—plane for which it has a unique solution whose graph passes through the point
(x0,Y0) in the region.
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11.

12.

13.

14.

15.

16.

The solution of the initial value problem y' = 2y+z,y(—1) =1/2isy = —z/2—1/4+
ce®® where ¢ =

Select the correct answer.

a) 2

(
(b
(

Q

(c
d

(e

The initial value problem 3’ = \/y? — 4,y(x¢) = yo has a unique solution guaranteed
by Theorem 1.1 if

2/4
2
2/2

/

Q

= O

Select the correct answer.

(a) yo =2
(b) yo = -2
(c) yo=0
(d) yo=6
() yo=1

Verify that 623 + y?> = c is a one parameter family of solutions of the differential

equation ydy/dr = —9x2.

Determine whether Theorem 1.1 guarantees a unique solution of the initial value

problem y = /4 —y?,y(1) = 2.

A disease is introduced into a community of 1000 individuals. If the rate at which
the disease spreads through the community is jointly proportional to the number of
people who have the disease and the number of individuals who have not caught it,
write down the differential equation for the number of people, x(¢) who have caught
the disease by time t.

A large mixing tank initially contains 500 gallons of water in which 40 pounds of salt
have been dissolved. Another brine solution is pumped into the tank at the rate of 4
gallons per minute, and the resulting mixture is pumped out at the same rate. The
concentration of the incoming brine solution is 2 pounds of salt per gallon. If A(t)
represents the amount of salt in the tank at time ¢, the correct differential equation
for A is

Select the correct answer.

(a) 4 =4—.0084
(b) 2 =8 .0084
(c) ¥4 =4-—.084
(d) 2 =4+.084
(e) 42 =8+ .084
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17. In the previous problem, over a long period of time, the total amount of salt in the
tank will approach

Select the correct answer.

(a) 100 pounds
(b) 300 pounds
(c) 500 pounds
(d) 800 pounds
(e) 1000 pounds

18. In the LRC circuit problem in the text, L stands for

Select the correct answer.

(a) capacitance
(b) resistance
(c) current
(d) inductance
)

(e) charge on the capacitor

19. In the LRC circuit problem in the text, R stands for

Select the correct answer.

(a) capacitance
(b) resistance
(¢) current
(d)
)

(e) charge on the capacitor

inductance

20. In the falling body problem, the units of acceleration might be

Select the correct answer.

(a) meters per second
(b) feet per second
(c) meters per second per second
(d)
)

(e) kilograms per meter per second

kilograms per meter



ANSWER KEY
Zill Differential Equations 9e Chapter 1 Form G

1. third order, linear, homogeneous
2. d

3. y = eSx + 4 y/ — 3639: y// — 9631
y" — 3y = 9e3% — 3(3e3*) =0

4. y = 2% — 62 + 3cosz + 5sinz
y' = 322 — 6 — 3sinz + Scosx
y" = 6z — 3cosx — Ssinx
y// +y= :C3

5. y = secx y = secx tanz = secxv/sec?z — 1 = y/y2 — 1
6. d
7.y =cx3,y(0) =0
8. e
9. y=1/(2* — 44/5)
10. {(z,y) : * > 3,y > 3} or 3 other regions
11. b
12. d
13. 622 + 42 =¢ 1822 +2yy’ =0 yy' = —9x?
14. No, since \/4 — ¢2 is neither continuous nor differentiable there.
15. 2 = kz(1000 — z)
16. b
17. e
18. d
19. b

20. ¢
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1. Is the differential equation 3" + 2sinz y” + 3¢¥ v’ — 5Inz y = 0 linear or nonlinear? If
linear, is it homogeneous? What is its order?
2. The differential equation 3" + 3’ = €® is

Select the correct answer.

first order linear

(a)

(b)

c¢) third order linear
)
)

second order linear

(
d

(e) second order nonlinear

first order nonlinear

3. Verify that y = =% 4 4 is a solution of y” + 5y’ = 0.
4. Verify that y = 2* — 1222 + 24 — cosz + sinz is a solution of v/ +y = z*.
5. Verify that y = e® is a solution of ¢/ = 2zy.

6. The values of m for which y = ¢™* is a solution of 3" — 4y’ + 3y = 0 are

Select the correct answer.

(a) 1 and -3
(b) -1 and -3
(¢) 1 and 2
(d) 1 and 3
(e) -1 and -2

7. By inspection, find a one parameter family of solutions of the differential equation
xy’ = y. Verify that each member of this family also satisfies the initial condition

y(0) =0.
8. The values of m for which y = 2™ is a solution of x2y” + 5y’ — 5y = 0 are

Select the correct answer.

(a) 1 and 4
(b) -1 and 5
(c) 1 and 4
(d) -1 and 4
(e) 1 and -5
9. y= 121“ is a one parameter family of solutions of 3 4+ 2xy? = 0. Find a solution of

this differential equation that also satisfies the initial condition y(—1) = 2.

10. Determine a region in the zy—plane for which the differential equation y’ = v/y? — 9/(x—
1) has a unique solution whose graph passes through the point (z¢, o) in the region.
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11.

12.

13.

14.

15.

16.

The solution of the initial value problem y' = 2y + z,y(—1) = —1/2is y = —x/2 —
1/4 + ce?®, where ¢ =

Select the correct answer.

2
—3e2 /4
5e?/4
—e2/2
1

(a
(b
(c
(d
(e

The initial value problem 3’ = \/y? — 1,y(x¢) = yo has a unique solution guaranteed
by Theorem 1.1 if

Select the correct answer.

(a) yo=1
(b) yo= -1
() 9o=0
(d) yo =

() yo=1/2

Verify that 4z* 4+ 2 = ¢ is a one parameter family of solutions of the differential

equation ydy/dx = —8x3.

Determine whether Theorem 1.1 guarantees a unique solution of the initial value

problem y = /9 — y2,y(1) = —3.

A new technology is introduced into a community of 5000 individuals. If the rate at
which the technology spreads through the community is jointly proportional to the
number of people who use the technology and the number of individuals who do not
use it, write down the differential equation for the number of people, z(¢) who use the
technology by time t.

A large mixing tank initially contains 50 gallons of water in which 3 pounds of salt
have been dissolved. Another brine solution is pumped into the tank at the rate of 3
gallons per minute, and the resulting mixture is pumped out at the same rate. The
concentration of the incoming brine solution is 3 pounds of salt per gallon. If A(t)
represents the amount of salt in the tank at time ¢, the correct differential equation
for A is

Select the correct answer.

(a) 4 =9—.06A
(b) ¥ =3 64
(c) ¥4 =3—.064
(d) 2 =9- 64
(e) 44 =9+ .64
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17. In the previous problem, over a long period of time, the total amount of salt in the
tank will approach

Select the correct answer.

(a
(b

) 10 pounds

)
(c) 50 pounds
(d)

)

30 pounds

d) 150 pounds
(e) 200 pounds

18. In the LRC circuit problem in the text, L stands for

Select the correct answer.

(a) capacitance
(b) resistance
(c) current
(d) inductance
)

(e) charge on the capacitor

19. In the LRC circuit problem in the text, R stands for

Select the correct answer.

(a) capacitance
(b) resistance
(¢) current
(d)
)

(e) charge on the capacitor

inductance

20. In the falling body problem, the units of acceleration might be

Select the correct answer.

(a) meters per second
(b) feet per second
(c) meters per second per second
(d)
)

(e) kilograms per meter per second

kilograms per meter



ANSWER KEY
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1. third order, nonlinear
2. b

3.y=e " 44 y = —be % y" = 25e%
y// + 5y/ — 256—5x 4 5(_56—5x) =0

4. y=a* — 1202 4 24 — cosz + sinz
y' = 423 — 24z + sinx + cosz
y" = 1222 — 24 + cosx — sinx

y//+y:x4

_ x? ’_ z? _
5. y=e Yy = 2ze” =2xy
6. d

7. y=cx,y(0) =0
8. e
9. y=1/(2* —1/2)
10. {(z,y) : @ > 1,y > 3} or 3 other regions
11. b
12. d
13. 4zt + 2 =¢ 1622 +2yy' =0 yy' = —8x3
14. No, since /9 — ¢2 is neither continuous nor differentiable there.
15. 2 = kz(5000 — z)
16. a
17. d
18. d
19. b

20. ¢






